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Résumé  

 
La douleur ne reflète pas directement les stimulations de l'entrée sensorielle, mais est façonnée par plusieurs 

facteurs cognitifs et affectifs qui peuvent amplifier ou réduire l'expérience de la douleur. Un des principaux 

facteurs aggravants est la catastrophisation de la douleur, une disposition mentale délétère qui exagère et 

amplifie la douleur. Il a été proposé que la méditation de pleine conscience implique la cultivation d'une 

posture métacognitive centrée sur le moment-présent, appelée défusion cognitive, qui contrecarre les 

processus de pensée élaboratifs comme la catastrophisation de la douleur, tout en conservant l'ouverture à 

l'expérience sensorielle. Cette posture réduirait le désagrément de la douleur en induisant un découplage 

sensori-affectif de l'expérience de la douleur. Cette hypothèse n'a pas été explorée explicitement jusqu'à 

présent, ce qui a étéle but du présent travail. Nous avons également exploré l'hypothèse selon laquelle la 

chronométrie de l'insula antérieure est un marqueur sensible du découplage sensori-affectif de l'expérience de 

la douleur pendant la méditation pleine conscience. 

Nous avons appliqué une approche multidisciplinaire qui était informée par la phénoménologie des pratiques 

de pleine conscience et visait à répondre aux problématiques cliniques posées par la catastrophisation de la 

douleur. Cette approche combinait des méthodes expérientielles à des méthodes expérimentales dans le 

contexte d'un nouveau paradigme de douleur aiguë utilisant l’imagerie cérébrale fonctionnelle(IRMf). Ce 

paradigme a été conçu pour amplifier les aspects cognitifs-affectifs de l'expérience de la douleur, et a été 

utilisé chez des méditants novices et experts expérimentés. Nous avons constaté qu'un style de méditation de 

pleine conscience dit de Monitoring Ouvert réduisait le désagrément de la douleur mais pas l'intensité de la 

douleur par rapport à une condition de distraction attentionnelle chez les novices (effet d'état) et les méditants 

experts (effets d'état et de trait). La catastrophisation de la douleur prédisait ce découplage sensori-affectif 

(étude 1). De plus, la défusion cognitive a montré une relation inverse spécifique par rapport aux mesures de 

catastrophisation de la douleur (cette relation était encore présente une fois que la variance partagée avec 

d'autres échelles psychométriques cognitives-émotionnelles était enlevée).Les mesures de défusion cognitive 

et de catastrophisation prédisaient spécifiquement le désagrément de la douleur par opposition à l'intensité de 

la douleur, mais la défusion cognitive montrait une associations plus forte avec ces variables de la douleur. 

Aucune dimension expérientielle n'a été identifiée comme médiateur de cette relation (étude 2). Enfin, les 

prédictions sur l'insula antérieure en tant que marqueur neuronal du découplage sensoriel-affectif de la 

douleur n'ont pu être que partiellement confirmées. Consistent avec nos hypothèses,  les experts ont montré 

au cours de l'anticipation de la douleur une activation de l'insula antérieure inférieure à celle des novices dans 

un cluster qui prédisait négativement le découplage sensoriel-affectif rapporté par les participants pendant la 

douleur. Cette activité  n’était pas corrélée avec les scores de catastrophisation de la douleur. Néanmoins, 

nous n'avons pas pu confirmer des hypothèses plus larges sur la fonction de l'insula antérieure pendant la 

douleur en raison de problèmes méthodologiques (étude 3).  
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Ces résultats font progresser notre compréhension des mécanismes cognitifs et neuronaux qui sous-tendent 

la régulation de la douleur basée sur la méditation de pleine conscience et permettent de raffiner les futures 

investigations neuroscientifiques contemplatives ainsi que les stratégies psychothérapeutiques de traitement 

de la douleur chronique. 

Mots Clés : Méditation  de pleine conscience;   Douleur  thermique;   Catastrophisme;   Défusion  

cognitive;   Intensité sensorielle;  Affect de la douleur,  IRMf. 
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Abstract 

 

Pain is not a direct read-out of sensory input, rather it is shaped by cognitive-affective factors that can 

amplify or reduce pain experience. A key aggravating factor is pain catastrophizing, an exaggerated 

negative mental set. It has been proposed that mindfulness meditation involves the cultivation of a 

present-centered metacognitive stance, labeled cognitive defusion, that counteracts elaborative thought 

processes like pain catastrophizing, while retaining openness to sensory experience, thus inducing 

sensory-affective uncoupling of pain experience. This tentative hypothesis has not been explored so far, 

which was the aim of the present work. We additionally explored the hypothesis that the chronometry of 

the anterior insula is a sensitive marker of sensory-affective uncoupling of pain experience.  

We applied a multidimensional approach that was informed by the phenomenology of mindfulness 

practices and aimed to address clinically relevant questions by combining experiential and experimental 

methods in the context of a novel fMRI-scanner acute pain paradigm devised to amplify the cognitive-

affective aspects of pain experience in trained novice and expert meditators. We found that a style of 

mindfulness meditation labeled Open Monitoring reduced pain unpleasantness but not pain intensity 

compared to attentional distraction in novice (state effect) and expert meditators (state and trait effects). 

Trait pain catastrophizing predicted this sensory-affective uncoupling (Study 1). In addition, cognitive 

defusion showed a specific inverse relation to pain catastrophizing (that was robust to controlling for 

variance shared with other common cognitive-emotional constructs), and both constructs specifically 

predicted pain unpleasantness as opposed to pain intensity, with cognitive defusion showing the 

strongest associations. No experiential dimensions were identified that mediated this relationship (Study 

2). Finally, predictions on the anterior insula as a neural marker of sensory-affective uncoupling of pain 

could only be partly confirmed. During pain anticipation, experts exhibited lower anterior insula activation 

in a cluster that negatively predicted self-reported sensory-affective uncoupling across participants but did 

not correlate with pain catastrophizing scores. We could not confirm predictions on pain periods due to 

methodological issues (Study 3).  

These findings advance our understanding of the cognitive and neuronal mechanisms underlying 

mindfulness-based pain regulation and can be used to inform future contemplative neuroscientific 

investigations as well as treatment strategies for chronic pain. 

Keywords : Mindfulness meditation;   thermal pain;   pain catastrophizing;   cognitive defusion;   sensory 

intensity;  pain affect,  fMRI.  
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Preamble 

 “When touched with a feeling of pain, the uninstructed run-of-the-mill person sorrows, grieves and 

laments, beats his breast, becomes distraught. He feels two pains, physical and mental. Just as if they 

were to shoot a man with an arrow and right afterward, were to shoot him with another one, so that he 

would feel the pains of two arrows. Now, the well-instructed disciple of the noble one, when touched with 

a feeling of pain, he does not sorrow, grieve, or lament, does not beat his breast or become distraught. 

So he feels one pain: physical, but not mental. Just as if they were to shoot a man with an arrow, and 

right afterward did not shoot him with another one, so that he would feel the pain of only one arrow.” 

  - Sallatha Sutta – The arrow 

The basic premise laid out in the short parable above -derived from an Ancient Buddhist text, is that 

although negative mentation often habitually follows awareness of unpleasant physical stimuli, this need 

not be necessarily so, as for individuals trained in mindfulness meditation, it is possible to uncouple 

sensory and affective pain dimensions, such that the physical component can be fully experienced 

without concomitant emotional distress (Bodhi, 2005). It is based on such contemplative notions that, in 

1982, Kabat-Zinn introduced a secular mindfulness-based intervention for chronic pain management 

(Kabat-Zinn, 1982). The basic assertion underlying this program was that repeated mindfulness practice 

could help patients learn to assume an intentional attitude of detached observation towards intense 

sensations, and to observe with similar detachment affective and evaluative thought processes that lead 

to the labeling of a sensation as painful. It was argued that this could help patients perceive catastrophic 

thoughts as simply events in the mind, which could help them realize that thoughts are not necessarily 

accurate reflections of reality; a process nowadays known as cognitive defusion (Hayes et al., 1999). This 

in turn, could lead to thoughts losing their otherwise powerful influence: in effect leading to ‘an uncoupling 

of the sensory component of pain from the affective and cognitive dimensions (alarm reaction)’ (Kabat-

Zinn, 1982). 

In his pioneering study, Kabat-Zinn reported promising outcomes on pain symptoms, mood disturbance, 

anxiety and depression that were found to be relatively stable at follow-up in a sample of chronic pain 

patients for whom traditional treatments had been unsuccessful (Kabat-Zinn, 1982). Ever since, 

mindfulness-based interventions (MBIs) for chronic pain management, including mindfulness-based 

stress reduction (MBSR) and mindfulness-based cognitive therapy (MBCT) have ballooned, and their 

efficacy has now been supported for a wide range of clinical pain disorders including but not limited to 

fibromyalgia (Kozasa et al., 2012), back pain (Anheyer et al., 2017) and migraine (Gu et al., 2018). A 

recent systematic review and meta-analysis on mindfulness-based interventions for chronic pain found 

that, collectively, evidence is strongest in favor of an effect on the affective dimension of pain, including 
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on pain-related depression and quality of life, as compared to on the physical dimension, for which only 

weak evidence was found (Hilton et al., 2017). 

In parallel to clinical studies investigating the efficacy of mindfulness-based interventions for chronic pain, 

experimental studies have started to explore the neural underpinnings of mindfulness-based pain 

regulation. The relatively few experimental studies available, have mostly but not exclusively compared 

novice to long-term meditation practitioners in various meditation traditions, and indicate that mindfulness 

meditation primarily impacts pain unpleasantness as opposed to pain intensity in line with clinical findings 

(as reviewed by Zeidan et al., 2019). The available neuroimaging studies also indicate that mindfulness-

meditation impacts neural representations of pain anticipation and experience. Interestingly, several of 

the studies found that -in contrast to other well known pain-regulation strategies such as placebo and 

distraction- a mindfulness state or expertise increased, rather than decreased, brain activity in primary 

pain processing regions, while decreasing brain activity in prefrontal areas commonly considered to be 

involved in pain regulation and evaluation (Grant et al., 2011; Gard et al., 2012; Lutz et al., 2013): thus 

providing plausible neuronal substrates for sensory-affective uncoupling. Nevertheless, in spite of 

considerable advances, the field is still young and findings thus still need to be consolidated. 

Furthermore, several studies have examined interrelations between mindfulness-related constructs and 

pain catastrophizing and reported inverse relations between the constructs (Day et al., 2015, Turner et 

al., 2016; Schutze et al., 2010; Elvery et al., 2016). However, interrelations between mindfulness and pain 

catastrophizing in an acute pain context as well as the role of cognitive defusion in mindfulness-based 

pain regulation remain virtually unexplored. Clarification of these outstanding research questions could 

help improve the implementation of mindfulness-based pain regulation in clinical settings. 

The general aim of the present thesis was to study the cognitive and neuronal mechanisms underlying 

the pain-regulatory qualities of mindfulness meditation. Our core hypothesis was that the specific meta-

cognitive stance, labeled cognitive defusion (which includes the subprocesses of meta-awareness and 

dereification important for monitoring and control of the mind), underlies sensory-affective uncoupling of 

pain in meditation. We also explored how this pain regulation strategy was modulated by meditation state 

and expertise, as well as psychometrics scales of pain catastrophizing and meditation and investigated 

putative neural markers. For the purpose of examining these questions, we designed a novel fMRI-

scanner acute pain paradigm specifically devised to amplify the cognitive-affective aspects of pain 

experience. Participants were novice trained in the practice mindfulness meditation and expert meditators 

in the Kagyu or Nyingma schools of Tibetan Buddhism with at least 10,000 hours meditation experience 

in life. We used a first-person methodology to refine the description of the participants’ pain experience. 

The overall structure of the thesis will be outlined below. 
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Overview 

Chapter 1: provides an introduction on mindfulness-based sensory-affective uncoupling of pain and its 

proposed underlying cognitive mechanisms.  

Chapter 2: provides an introduction on the current knowledge of the neuronal mechanism underlying 

mindfulness-based sensory-affective uncoupling of pain. 

Chapter 3: outlines the general hypotheses for the studies presented in this work 

Chapter 4: outlines the general methods of this work 

Chapter 5: provides a detailed investigation of the effect of meditation state and expertise on sensory 

and affective pain experience. It also examines interrelations between meditation expertise, trait pain 

catastrophizing and sensory-affective uncoupling of pain. 

Chapter 6: provides an investigation of interrelations between trait cognitive defusion and pain 

catastrophizing, while controlling for variance shared with other more general mindfulness-related and 

cognitive-emotional constructs. It also examines the respective relation of trait cognitive defusion and pain 

catastrophizing to sensory and affective pain self-reports.   

Chapter 7:  provides a neuroscientific investigation on the effect of mindfulness state and expertise on 

the chronometry of the anterior insula as a putative marker of present-centeredness vs top-down 

conceptual processing during pain anticipation and early and late pain. We additionally explored the 

relationship of anterior insula chronometry to sensory-affective uncoupling of pain and pain 

catastrophizing. 

Chapter 8: provides a general discussion and conclusion of this work  
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Chapter 1: Cognitive mechanism underlying sensory-
affective uncoupling of pain during mindfulness meditation 

This chapter starts with a brief introduction on mindfulness meditation. I then discuss how common 

conceptualizations of mindfulness in the literature are only of limited use to the empirical investigation of 

mindfulness meditation as they are either too broad or fail to take into account its lived, multidimensional 

and transformative character. I then introduce the phenomenological matrix of mindfulness meditation, a 

heuristic framework that aims to facilitate the neuroscientific study of mindfulness meditation, and does so 

by identifying phenomenally and behaviorally relevant cognitive processes that are provisionally mapped 

onto different meditation styles and levels of expertise, hence providing verifiable predictions. From this 

framework, I highlight meta-awareness and dereification as two core cognitive processes deemed 

particularly salient to mindfulness-based emotion regulation and detail their presumed developmental 

trajectory. I then discuss how, in the literature, these closely related but distinct cognitive processes are 

commonly subsumed under the single construct of cognitive defusion, and detail hypothesized 

relationships between the metacognitive perspective enabled by cognitive defusion, pain catastrophizing 

and sensory-affective uncoupling of pain experience. I conclude by reviewing clinical and experimental 

studies assessing the current state of evidence on these theoretical claims, on the basis of which I detail 

some of the aims and scope of the present work. 

1.1 Mindfulness meditation: definition, basic concepts and historical 
perspective 

The term meditation has been used to describe a broad range of practices and mental states in a variety 

of spiritual, religious and secular contexts (Van Dam et al., 2017; Davidson & Kaszniak, 2015; Lutz et al., 

2006; Goleman, 1988). Such generic use of the term meditation greatly complicates the formulation of 

verifiable hypotheses in neuroscientific contexts. As a solution, it has been suggested to more closely 

attend to the individual practices under study (Lutz et al., 2006). As mentioned above, the type of 

meditation most frequently implemented and investigated in contemporary settings is Buddhist meditation 

(often in neuroscientific contexts) and its secular derivatives (in clinical settings) (Van Dam et al., 2017). 

This is not incidental. Buddhist practices envision specific changes in cognitive and emotional states as 

part of a soteriological path aimed at the cessation of personal suffering (Thera, 1962; Silananda, 1990), 

which presents a clear parallel to modern clinical psychology aimed at reducing emotional distress and 

targeting maladaptive behavior (Bishop et al., 2004). In addition, traditional Buddhist accounts have 

offered detailed, methodological descriptions of meditative practices in a manner that lends itself well to 

scientific scrutiny (Lutz et al., 2006). As a result, these practices have been readily adopted in Western 
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secular settings, where meditation has been conceptualized as “a family of complex emotional and 

attentional regulatory strategies developed for various ends, including the cultivation of well-being and 

emotional balance” (Lutz et al., 2008). Of the different families of meditation (See Dahl et al., 2015), so-

called mindfulness practices in particular have seen widespread implementation in contemporary settings 

and will be further discussed below. 

Mindfulness has been described as moment-to-moment awareness, cultivated by paying attention in a 

specific way, in the present moment, as non-reactively, non-judgmentally, and open-heartedly as possible 

(Kabat-Zinn, 1990; Kabat-Zinn, 2011). It is important to note that this is a widely accepted definition 

tailored to Western clinical audiences (Van Dam et al., 2017), while the exact meaning of the word 

mindfulness still is and has traditionally been subject to considerable controversy (Van Dam et al., 2017). 

Nonetheless, in both clinical and traditional contexts, the capacity to sustain a heightened awareness of 

thoughts, emotions and sensations is considered central to mindfulness meditation (Dahl et al., 2015). 

Below I will take a closer look at difficulties surrounding the meanings of mindfulness and its empirical 

investigation, before detailing the scientific approach adopted in the present work. 

1.2 Difficulties surrounding the meanings of mindfulness  

According to Lutz and colleagues (Lutz et al., 2015), in experimental and clinical psychology, the 

construct of mindfulness is generally used with three different meanings to refer to: 1) a mental trait or 

dispositional inclination (e.g. the Five Facet Mindfulness Questionnaire; Baer et al. 2006), 2) a 

soteriological or spiritual path conceived in therapeutic and health-promotion terms (e.g. the Mindfulness 

Based Stress Reduction program; Kabat-Zinn, 1982), and 3) a single cognitive process that may be 

cultivated with meditation practice (e.g. a present-centered and non-judgmental awareness; Bishop et al., 

2004). While these various meanings remain useful in many contexts, they are also problematic for 

empirical research. Specifically, Lutz and colleagues noted that approaching mindfulness as a trait 

(meaning 1) is too unspecific (i.e. learning that participant’s scores increase after training does not 

advance our understanding of which cognitive, affective and social processes might be altered via 

training), and leads to contradictory findings (trait mindfulness instruments suffer from a variety of issues 

including doubts about construct validity and relation to actual behavior and sensitivity to mindfulness 

rhetoric following training; see Grossman, 2011). In addition, it does not account for the possibility to 

cultivate mindfulness as a state. Furthermore, interpreting mindfulness as a soteriological process 

(meaning 2) is often too broad to guide empirical research, and up to this point, discussion of mindfulness 

as a cognitive process (meaning 3) makes it difficult to account for differences in practice styles and level 

of expertise, while also lacking sufficient specificity for formulating mechanistic hypotheses. 

As a solution to the above problem, Lutz and colleagues have argued against the use of a single, 

universally applicable consensus definition of mindfulness and have instead proposed to reconceive 
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mindfulness through a family resemblance approach whereby mindfulness can be conceptualized as “a 

variety of cognitive processes embedded in a complex postural, aspirational, and motivational context 

that contribute to states that resemble one another along well-defined phenomenological dimensions” 

(Lutz et al., 2015). This approach and its practical implication will be detailed in the next section. 

1.3 The phenomenology of mindfulness meditation 

In order to facilitate the neurophenomenological investigation of mindfulness meditation, Lutz and 

colleagues have proposed a heuristic model that decomposes mindfulness into different dimensions that 

can be used to map multiple practice styles and levels of expertise (see Figure 1). The model is based on 

the phenomenology of mindfulness practice (i.e. what observable, manipulable features of experience are 

modified by mindfulness training) and is grounded on both clinical and classical Buddhist sources (Lutz et 

al., 2015). The model proposes a number of core cognitive processes (dimensions) that are taken to 

maximally distinguish between different meditation styles and are deemed crucial to mindfulness-based 

emotion regulation; while also providing testable predictions about how these dimensions vary as a 

function of mindfulness practices and levels of expertise. Thus, the model assumes that the proposed 

dimensions are dynamic and manipulable in that they are affected -directly or indirectly- by the instruction 

set and/or level of expertise. The three primary orthogonal dimensions are: Object Orientation, 

Dereification, and Meta-awareness; orthogonal means that the dimensions can vary independently from 

each other. It is proposed that certain identifiable phenomenological states emerge in participants due to 

the interaction of the dimensions subsumed within the model: each state occupying a given position in a 

multidimensional phenomenological space. The model also leaves open the possibility that individuals 

reliably differ in their typical location in the phenomenological space to account for the notion of trait. The 

three primary functional dimensions and their relevance to the present work will be further detailed below.  

1.3.1 Object Orientation  

This dimension is modulated by many styles of meditation practice and refers to ‘the phenomenological 

sense that an experience or mental state is directed to an object or class of objects’. The relevant feature 

of this dimension is the sense that the state is strongly or weakly oriented toward and object, rather than 

the actual selection of the object itself. This construct resembles the orienting of endogenous attention in 

psychology. An example of a state with high object selection is so called focused attention (FA) 

meditation (see the description of mindfulness practices in the next section), that involves a continuous 

sustaining of a highly selective focus on a single object (hence the positioning of FA practices on the right 

side of the cube in Figure 1; indicating high object orientation). Conversely, another broad class of 

meditation practice is so called Open Monitoring (OM) meditation (see the next section for a description) 

that involves a deliberate reduction of any intentional stance towards objects (hence the positioning of 



                                                      
 

22 
 

OM practices on the left side of the cube in Figure 1; indicating low object orientation). For the remainder 

of this thesis this dimension will remain mostly implicit, but of relevance to the meditation practices and 

instructions in the here specified manner. 

1.3.2 Meta-awareness  

This dimension involves the monitoring of experience. It has been defined as the mental state that arises 

when attention is directed toward explicitly noting the current contents of experience (Smallwood & 

Schooler, 2015). It involves a heightened awareness of the processes of consciousness, including the 

processes of thinking, feeling, and perceiving (corresponding to a higher position in the cube in Figure 1). 

When meta-awareness is absent, we become experientially ‘fused’ with experience (corresponding to a 

lower position in the cube in Figure 1). We may be aware of the contents of experience, but remain 

unaware of the processes of thinking, feeling and perceiving themselves (Dahl et al., 2015). Importantly, a 

variety of clinical disorders such as depression, anxiety and chronic pain are marked by states of high 

experiential fusion with negative thoughts and feelings (Lo et al., 2015; Hoge et al., 2014, McCracken et 

al., 2014). Furthermore, the ability to step back from being entangled in thoughts and feelings through the 

cultivation of meta-awareness is considered an important predecessor to mental health in the clinical 

domain (Hayes 2004; Segal et al., 2014; Kabat-Zinn 2013). Meta-awareness enables a change in 

perspective from being immersed within experience onto that experience. While meta-awareness can 

occur spontaneously, such as for instance in the moment of becoming aware of mind wandering, 

mindfulness practices aim to deliberately cultivate this capacity (to some degree in FA, but mostly in OM). 

With sufficient expertise in meditation, meta-awareness can be sustained for extended periods of time 

without explicit focus (see the description of OM in the next section). Thus, meta-awareness as 

conceptualized here can be understood as a sustained and graded process that is deliberate, embodied 

and intentional (Lutz et al., 2013, Dunne et al., 2019).  

1.3.3 Dereification 

This dimension reflects the degree to which thoughts, feelings, and perceptions are phenomenally 

interpreted as mental processes rather than as accurate depictions of reality (Lutz et al., 2015). For 

example, a typical pain-related catastrophizing thought is “It’s terrible and it’s never going to get better” 

(Sullivan et al., 1995). When this thought occurs and appears as a realistic it may induce anxiety and pain 

amplification. This is an instance of high reification in that the thought presents itself as if the situation it 

represents is real (corresponding to a more anterior position in the cube in Figure 1, indicating low 

dereification). Dereification then refers to the process of thoughts losing their representational integrity 

and being experienced simply as mental events (corresponding to a more posterior position in the cube in 

Figure 1, indicating high dereification). As for meta-awareness, the capacity for dereification can occur 
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without explicit training, such as for instance in the moment of becoming aware of daydreaming. 

However, what characterizes mindfulness meditation is that this capacity is trained deliberately. At the 

beginning stages of mindfulness practice dereification might be accomplished through the use of 

cognitive reappraisals such as “This is just a thought” (this strategy might for instance be employed in FA 

to deal with distracters; see the description in the next section). However, at more advances levels of 

mindfulness practice dereification may be spontaneously maintained by just sustaining a monitoring state 

(see the description of OM in the next section) (Lutz et al., 2015). In the latter case, dereification is 

fostered by the shift in perspective brought about by the cultivation of meta-awareness. This change in 

perspective enables a meta-cognitive awareness that allows thoughts to be experienced as mere mental 

events, situated within a field of sensory, proprioceptive, affective and somatic feeling tones. It is to 

promote awareness of this embodied field that mindfulness practices emphasize deliberate attention to 

bodily sensations.  

Before continuing, it should be mentioned that, in addition to the here presented primary functional 

dimensions, the model also identifies several secondary features of mindfulness practices (Aperture: 

broadness of the scope of attention; Clarity: degree of vividness of experience; Stability: degree to which 

experience presents itself as enduring over time; Effort: impression that one’s mental state is easy or 

difficult to sustain; see Figure 1). Although these are all considered necessary elements of mindfulness 

practice, they have been less explicitly mentioned as they are less relevant to distinguishing different 

styles of practice. Furthermore, the model also identifies several contextual features of mindfulness 

practices including, among others, the need to cultivate a positive or at least non-aversive affective 

attitude (Lutz et al., 2015). Practically, this involves maintaining an accepting and friendly attitude towards 

thoughts and feelings as they arise during mindfulness meditation (Bishop et al., 2004; Shapiro et al., 

2006). Although the role of acceptance is not explicitly investigated in the present work, some lead 

authors in the field have operationalized mindfulness in very terms of acceptance (Bishop et al., 2004; 

Dahl et al., 2015), and acceptance as a construct is likely integral to enabling the shift in perspective 

brought about by meta-awareness (Hayes et al., 2006; Chambers et al., 2009; McCracken et al., 2014); 

i.e. one can only step back from being entangled in the contents of experience if one first cultivates a non-

judgmental, open and accepting stance towards that experience (see also Grossman 2011, for a detailed 

explanation of the importance of cultivating certain mind qualities like kindness, patience, tolerance, 

gentleness, empathy, non-striving and openness in strengthening the ability to maintain concentration). 

Therefore, although little mentioned or investigated here, acceptance is considered integral to 

mindfulness meditation and meta-awareness in the present work. 

To summarize, meta-awareness and dereification are two cognitive processes that are closely related, yet 

distinct. Meta-awareness involves the monitoring of experience, and refers to a heightened capacity to be 

aware  of  the  phenomenal  features  of  experience, including  of  the processes of  thinking, feeling  and 
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perceiving itself. Meta-awareness enables a change in perspective from being immersed within 

experience onto that experience. It is this change in perspective that allows thoughts to be experienced 

as mere mental events, rather than as accurate depictions of reality, a process labeled dereification. The 

phenomenological model, like other theoretical and clinical mindfulness accounts (e.g. Chambers et al., 

2009; Kabat-Zinn 1982), holds that the cognitive processes of meta-awareness and dereification are two 

core mechanisms of action underlying mindfulness-based emotion regulation (Lutz et al., 2015). 

However, the novelty of the phenomenological model is that it provides testable predictions about how 

these two metacognitive capacities (and other phenomenological dimensions) are affected by specific 

mindfulness practices and levels of expertise (see the next section of a further discussion of this in 

relation to meta-awareness and dereification). The present work was embedded in a broader research 

project (see methods) which aimed to test some of these predictions. Here, we adopted the 

phenomenological model to inform predictions in studying the impact of mindfulness meditation on pain 

regulation. This provided us a solid framework to guide research questions while also allowing us to test 

some of the predictions made in the model; thus contributing to the research aim of the broader project. 

Note that while we framed our research questions in terms of meta-awareness and dereification, as of 

yet, no well-validated measures are available for these constructs. Therefore, in this work, we studied 

both constructs under the proxy of cognitive defusion, which collapses both constructs into a single 

construct (see section 1.7). 

 

 

 

 

 

 

 

 

 

 

Figure 1. The phenomenological matrix of mindfulness practices. The figure maps hypothetically two broad styles 
of mindfulness meditation, Focused attention meditation (FA) and Open Monitoring meditation (OM), and three 
mental states relevant for psychopathology on a multi-dimensional phenomenological space. “Exp” and “Nov” 
stand for expert and novice practitioners. The three primary dimensions of the space are Object Orientation, 
Dereification and Meta-awareness which are mapped on the Euclidean space. The model also identifies four 
secondary dimensions: Aperture, Clarity, Stability and Effort. These four qualities are represented, respectively, by 
the diameter of a circle, fill color of the circle, color of the perimeter of the circle, and by the width of a supporting 
stalk. See the text for details on all presented dimensions and meditation states. Mind-wandering is represented as 
an effortless state (dashed line) of absorption (low Meta-awareness) where the contents of experience are 
phenomenally interpreted as accurate depictions of reality (low Dereification). Addictive craving is depicted as a 
state strongly and repeatedly oriented toward the object of addiction (high Object Orientation). Rumination is 
represented as a state where the person is aware of stable intrusive thoughts (some Meta-awareness) that are 
however still experiences as ‘real’ (low Dereification). [Figure and adapted text from Lutz et al., 2015].
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1.4 Description of mindfulness practices 

In this section I will introduce the mindfulness practices relevant to the present work and detail their 

relation to the meta-cognitive capacities of meta-awareness and dereification, but first I will introduce 

some axioms that have been suggested to underlie all meditation practices that provide a useful 

framework for the neuroscientific investigation of mindfulness practices. It has been suggested that all 

meditation practices, however diverse, share the following features and aims (Lutz et al., 2006): 

1) The intended cultivation of a certain desirable and phenomenally reportable state. 

2) The premise that the repeated cultivation of a given state eventually induces trait change.  

3) The claimed progression from novice to expert meditator.  

With these axioms in mind, I now turn to the mindfulness practices relevant to the present work. Based on 

traditional Buddhist texts, two broad styles of mindfulness practices can be discerned, which, for 

neuroscientific purposes, have been described in terms of their defining features. These include: Focused 

Attention (FA) meditation, which involves the focusing of attention on a selected object, and Open 

Monitoring (OM) meditation, which involves the non-reactive monitoring of the content of moment to 

moment experience. Both styles are found in several Buddhist meditation traditions, including Vipassana, 

Zen and Tibetan Buddhism, as well as in secular MBIs (Lutz et al., 2008). An advanced form of OM is so 

called Open Presence (OP) meditation, which involves a turning of awareness on itself in order to 

transcend subject-object duality (Lutz et al., 2006; Dunne, 2011). OP is a highly specific meditation 

practice relevant to the present work. Each of these practices will be further discussed below. 

1.4.1 Focused attention  

FA meditation involves a narrowing of attention and the cultivation of a one-pointed concentration on a 

single object, often involving a localized subset of sensations (e.g. the movement of the breath at the 

nostrils). The main task-set consists of sustaining attention on the chosen object, becoming aware when 

the mind has wandered, non-judgmentally letting go of the distracter, and subsequently reallocating 

attention to the intended object. Thus, FA not only requires a focusing of attention, but also a continuous 

monitoring of the quality of attention to verify whether attention is still focused on the intended object or 

whether focus has been lost (Lutz et al., 2008). The latter involves a type of meta-awareness that is not 

focused on an object perse, but is instead monitoring the intentional relation itself (Lutz et al., 2006). This 

monitoring capacity provides the basis for OM practice that involves a further development of meta-

awareness (Lutz el al., 2006; Dahl et al., 2015). Furthermore, FA also involves some degree of 

dereification but not as much as in OM (see the description of OM below). More specifically, in novices, 

FA involves some degree of dereification that is needed to disengage from distracters, while with 
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increasing expertise in FA, meta-awareness and dereification become developed to the point where it 

becomes possible to note minor perturbations in attention before they develop into full-blown distractions 

(Lutz et al., 2015). FA is said to calm the mind and reduces distractions (see Lutz et al. 2008, for an 

overview of empirical evidence supporting this claim). Hence, FA is often recommended to novice 

practitioners who may still frequently contend with distractions. However, at all levels of expertise FA 

serves as preparatory practice for OM (Lutz et al., 2008), as will be further discussed below. 

1.4.2 Open monitoring 

This style of meditation involves the non-reactive monitoring of moment to moment experience without 

explicit focus (Lutz et al., 2008). As mentioned above, it relies on the initial application of FA as a means 

to calm the mind, stabilize attention and strengthen the monitoring faculty. When the monitoring faculty 

has been sufficiently strengthened with FA, either between sessions or within a session, the focus on an 

explicit object can be reduced and the monitoring faculty correspondingly emphasized to gradually 

incorporate the flow of all present moment sensations, emotions and thoughts. Thus, in contrast to FA, 

OM involves no strong distinction between selection and deselection, or between what is on the 

foreground and background of awareness (Lutz et al., 2008; Lutz et al., 2015). In OM, it is possible to 

become aware of new experiential content (e.g. emotional tone or thought) without it becoming the 

primary focus of attention. It is as if the emotional tone or thought remain in the background even though 

there is no contrasting foreground. In this way, the “effortful” selection or “grasping” of objects is gradually 

reduced and replaced by an “effortless” sustaining of awareness without explicit focus. In typical OM 

instructions, one is encouraged to become aware of a large field of awareness that includes stimuli from 

the body, mind and environment, without giving particular attention to any one of them. This is said to 

provide access to the rich features of each experience, such as the degree of phenomenal intensity, 

affective tone, and active cognitive schema, that often remain implicit. OM practices aim to deliberately 

strengthen this metacognitive perspective or meta-awareness thereby simultaneously strengthening the 

capacity for dereification (see previous section). According to the phenomenological model, both 

processes are higher in OM compared to FA (due to the broader scope of monitoring) and become further 

strengthened with increasing expertise in OM, up to the point where meta-awareness (the monitoring 

state and dereification can be sustained effortlessly (see Figure 1). In later sections I will detail how these 

processes might be beneficial to pain regulation, but first I will discuss the case of OP meditation, which 

can be considered an advanced form of OM, below. 

1.4.3 Open presence 

At the highest levels of OM, when the monitoring state continues effortlessly, meta-awareness and 

dereification have almost reached their maximum, and the grasping of mental objects is reduced to a 
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minimum, it is possible and even recommended to make awareness an object of meditation itself 

(Chambers et al., 2009; Lutz et al., 2006). A canonical example of this type of meditation is so called 

Open Presence (OP) meditation: a highly advanced form of OM found in the Tibetan Buddhist meditation 

traditions under study in the present work. OP (and ultimately all Buddhist meditation practices) aim(s) for 

a direct understanding of “reflexive” awareness or the fundamental Awareness that is said to be the basis 

nature and structure of consciousness itself. This can be better understood when taking into account the 

central Buddhist tenet that the mind is comprised of two unified aspects: awareness and objects of 

awareness, where awareness is understood as that which gives rise to the experience of mental 

phenomena or qualia itself. According to Buddhist notions, mental phenomena or stimuli (e.g. thoughts 

and emotions) always emerge within awareness and are de facto inseparable from it. However, this 

relationship is usually obscured by a strong habitual tendency to identify with mental objects, which incurs 

a separation between these two aspects of the mind. This reportedly gives rise to a false sense of 

separation between the perceiver and that what is perceived, also known as subject-object duality, which 

is said to be at the basis of all mental suffering (Chambers et al., 2009). OP aims to undo this false sense 

of separation and related subject-object duality. It is claimed that when the monitoring state continuous 

almost effortlessly there comes a point where awareness can be directed back on itself and the mind 

released in its natural, effortless state that is Open Presence or fundamental Awareness. This reportedly 

leads to a complete suspension of subject-object duality (including of all conceptual features and space-

time categories) (Lutz et al., 2006). As such, OP is considered a non-dual practice (Lutz et al., 2006; 

Dunne, 2011). However, it should be noted that OP is a highly advanced practice and even experienced 

practitioners might only be able to sustain a true non-dual state for shorts period of time (Lutz et al., 

2006). In terms of metacognitive processes, OP can be considered an advanced form of OM, where the 

capacities for meta-awareness and dereification have been developed to their maximum (akin to the 

representation of OM in experts in Figure 1). 

To summarize, FA and OM are two complementary meditation practices. FA is utilized to calm the mind, 

stabilize attention and strengthen the monitoring faculty. The augmented monitoring capacity then forms 

the basis for OM practice that involves a monitoring of all experience. OP, in turn, is an advance style of 

OM that reportedly involves an effortless resting in “reflexive” awareness and a complete suspension of 

subject-object duality. Although these practices are diverse, they share the common characteristic that 

they all systematically train the capacity to intentionally initiate, direct and/or sustain attentional processes 

while progressively strengthening the capacity to be aware of the processes of thinking, feeling and 

perceiving (Dahl et al., 2015), or meta-awareness, and the capacity to perceive thoughts as mere mental 

events instead of as accurate reflections of reality, or dereification; two complementary processes 

purported to have beneficial effects on emotion regulation, cultivated to their maximum with OM (OP).  
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 For the scope of the present work, we investigated the effect of OM style meditation on pain regulation. 

This choice was motivated by three main reasons: i) while traditionally FA is considered to lead to some 

desirable traits, it mainly OM that has been associated with beneficial effects on the regulation of 

emotions in traditional contexts (via meta-awareness and dereification) (Lutz et al., 2006), ii) the task-set 

of OM is most closely related to the definition of mindfulness most often provided in clinical pain contexts 

(i.e. pay attention to the present moment, as non-reactively, non-judgmentally, and open-heartedly as 

possible), iii) the present study is a continuation of previous work that reported preferential effects of OM 

over FA on subjective pain experience (Perlman et al., 2010) (see section 1.8.2). Nonetheless, FA is also 

relevant to the present work in that we recruited experienced meditation practitioners (simply referred to 

as experts henceforth) that were extensively familiar with both FA and OM. Similarly, we recruited 

meditation-naïve participants that underwent formal meditation training in both FA and OM, both for the 

reason that FA practice is considered a necessarily precursor to OM and to enable a better matching with 

experts. Finally, the notion of state is relevant to the present work in that we contrasted a state of OM with 

a non-meditative attentional distraction state which we expected to differ in terms of relevant cognitive 

processes, including the level of meta-awareness, as will be further detailed below. 

Lastly, it should be noted that novice and experts differed in their way of practicing OM. Experts were 

extensively familiar with OP (awareness-oriented OM) while novices were trained in OM (object-oriented 

OM). This difference was inevitable, as it would not have been possible to train novices in OP and experts 

would probably not have been able to practice a pure form of OM. However, as already mentioned above, 

OP is considered a highly advanced practice and even experts might not have been able to sustain a true 

OP state for more than short periods of time. Therefore, we could not be certain whether experts’ actual 

practice was more akin to OM or OP. For this reason, we will use the term OM for both novices and 

experts below, while acknowledging that for experts actual meditation might also have qualified as OP, 

which at places will be discussed more explicitly.  

I will now turn to the relevance of these specific cognitive processes -cultivated as part of a 

developmental trajectory with FA and OM- to pain regulation. To this end, I will first introduce basic 

concepts and definitions related to pain. I will then, discuss the concept of pain catastrophizing and make 

the case that it is a paradigmatic example of a maladaptive mental state that is low in meta-awareness 

and dereification, before discussing how cognitive defusion, which includes the subprocesses of meta-

awareness and dereification (as cultivated with mindfulness practice), has the potential to oppose pain 

catastrophizing-related processes and their detrimental effects on pain experience. 
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1.5 Pain: definition and basic concepts 

The International Association for the Study of Pain (IASP) defines pain as ‘an unpleasant sensory and 

emotional experience associated with actual or potential tissue damage, or described in terms of such 

damage’ (Merskey and Bogduk, 1994). This definition highlights the subjective nature of pain and its 

multidimensionality as both a distinct sensation and motivational drive (Craig, 2003ab). Indeed, pain does 

not simply reflect sensory input, but rather arises from the complex interaction between sensory-

discriminative (location, magnitude, duration), affective-motivational (unpleasantness, fight and flight 

response) and cognitive-evaluative (appraisal) factors (Melzack and Casey, 1968). It is for this reason 

that psychological factors as diverse as attention, emotion, expectations, beliefs, and the meaning 

attributed to pain, have the power to amplify or attenuate pain experience and that identical nociceptive 

stimuli can produce widely varying pain reports across individuals (Atlas and Wager, 2012; Hu and 

Ianneti, 2019). Importantly, over the last two decades, a mental set, known as pain catastrophizing, has 

risen to prominence as one the most potent predictors of increased pain experience, as will be further 

discussed below. 

1.6 Pain catastrophizing  

Pain catastrophizing is broadly conceived as “an exaggerated negative 'mental set' brought to bear during 

actual or anticipated Pain catastrophizing pain experience” (Sullivan et al., 2001). The construct 

incorporates three dimensions: the tendency to magnify the threat value of pain sensations (pain 

magnification), a relative inability to inhibit pain-related thoughts in anticipation of, or during a painful 

encounter (pain rumination), and feeling helpless in the context of pain (helplessness) (Quartana et al., 

2009). A growing literature shows that the tendency to catastrophize during pain is linked to increased 

pain and emotional distress. More specifically, in experimental pain contexts, pain catastrophizing has 

been associated with a number of indices of pain sensitivity in both healthy individuals and chronic pain 

patients (Sullivan et al., 2001; Edwards et al., 2006). Moreover, in clinical contexts, pain catastrophizing 

has been robustly associated to a number of clinical pain-related outcomes including disability, affective 

distress and increased pain severity (Sullivan et al., 2001; Edwards et al., 2006), and the maintenance 

and exacerbation of chronic pain (Gatchel et al., 2007; Edwards et al., 2016). Pain catastrophizing is also 

a core component of theories of pain-related fear and avoidance. These theories are among the most well 

accepted and empirically supported in explaining the etiology of chronic pain, and hold that a tendency to 

misinterpret pain sensations, such as following an injury, in a catastrophizing manner, leads to excessive 

pain-related fear and avoidance, with increased pain, disability and suffering as a result (Crombez, 2013; 

Vlaeyen et al., 1995; Vlaeyen et al., 2000). Conversely, a tendency to interpret pain as non-threatening 

has been associated with faster recovery (Crombez, 2013).  
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1.7 Cognitive defusion: a candidate cognitive mechanism underlying 
mindfulness-based pain regulation 

The above discussed notion that avoidance of pain is maladaptive is  in line with clinical and mindfulness 

theory which holds that cultivating an open and accepting attitude towards pain, especially when chronic 

and inescapable, is more adaptive than experiential avoidance (Kabat-Zinn, 1982, 1990; Chambers et al., 

2009). More specifically, whereas pain catastrophizing involves the cognitive-affective amplification of 

pain, mindfulness practice is a process designed to opposes or undermine the effect of pain 

catastrophizing. One standard phenomenological description of this practice reports that by opening up to 

sensory experience and deliberately cultivating a nonjudgmental and nonelaborative mindset, one might 

become aware of distressing thoughts and emotional reactivity as mere mental events instead of as 

accurate representations of reality (Kabat-Zinn, 1982). This meta-cognitive stance (akin to meta-

awareness and dereification) might reduce secondary elaborative processing. Assuming this stance has 

been suggested to lead to an uncoupling of the affective and cognitive dimensions of pain from the 

sensory dimension (Kabat-Zinn, 1982). An important aim of the present work was to more closely 

examine this claim and implicated cognitive processes. As mentioned before, since no well-validated 

measures for meta-awareness and dereification are available, we did this using the proxy of cognitive 

defusion. This construct will be briefly further discussed below. 

Cognitive defusion is a process similar to decentering and metacognitive awareness (Bernstein et al., 

2015, Forman et al., 2012), and refers to the ability to gain psychological distance from internal 

experiences such as thoughts and feelings, seeing them as mere events in the mind rather than as 

accurate, truth-based reflections of reality (Forman et al., 2012; Blackledge, 2007; Masuda et al., 2004). 

As becomes apparent from this definition, cognitive defusion collapses the constructs of meta-awareness 

(ability to gain psychological distance from experiences) and dereification (seeing them as mere events in 

the mind rather that as accurate truth-based reflections of reality) into a single construct (see Lutz et al., 

2015).  The relation of meta-awareness and dereification to mindfulness practice has been extensively 

discussed before (see section 1.4). Cognitive defusion can reasonably be expected to map onto the 

different meditation styles and levels of expertise on a similar manner (i.e. increased cognitive defusion 

with OM and increasing expertise). 

The opposite of cognitive defusion, is experiential fusion, a state of mind where one is so entangled in 

thoughts that they are taken literal and take precedence over behavior and function (McCracken et al., 

2014; Hayes et al., 1999).  A variety of clinical disorders such as depression, anxiety and chronic pain are 

marked by states of high experiential fusion with negative thoughts and feelings (Lo et al., 2015; Hoge et 

al., 2014, McCracken et al., 2014). Conversely, the ability to step back from being entangled in thoughts 

and feelings through the cultivation of meta-awareness is considered an important predecessor to mental 
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health in the clinical domain (Hayes 2004; Segal et al., 2014; Kabat-Zinn 2013). For instance, in 

traditional cognitive therapy (CT), this capacity is believed to be achieved implicitly through cognitive 

restructuring (Teasdale et al., 2001). In contrast, more recent adaptations of CT, so-called third-wave 

behavioral interventions, have made the ability to step back from thoughts their centerpiece and hold that 

it is not necessary to change the content of experience as long as one changes one’s relationship to 

experience (Forman et al., 2012). These interventions include Acceptance-based Commitment Therapy 

(ACT), a complex behavioral package that incorporates mindfulness-based elements from which the 

concept of cognitive defusion originates (see Hayes et al., 1999 for an account of defusion techniques in 

ACT), and MBIs; in which the capacity or cognitive defusion is trained at the hand of specific mindfulness 

practices (see section 1.4).  

While the concept of cognitive defusion has been around for some time (Hayes et al., 1999), it is only 

since fairly recently that the construct really gained traction (see Bernstein et al., 2015 for an overview of 

positive associations with cognitive-defusion related constructs and mental health gains, including 

reduced anxiety, depression and negative affect). This might be related to the fact that well-validated 

measures of cognitive defusion have only recently become available. The relatively few studies that have 

begun to explore relationships between defusion-related constructs and pain-related outcomes, have 

found associations with better pain-related outcomes in chronic pain patients (McCracken et al., 2013a,b, 

2014). However, to our knowledge, no studies to date have examined interrelations between cognitive 

defusion and pain catastrophizing, as well as their respective relations to pain-related outcomes.  

From the perspective of cognitive defusion pain catastrophizing is an example of high fusion. For 

example, a typical pain-related catastrophizing thought is “It’s terrible and it’s never going to get better” 

(Sullivan et al., 1995). When this thought occurs and appears as a realistic it may induce fear and pain 

amplification (Crombez et al., 2013). This is an instance of experiential fusion in that the thought present 

itself as if the situation it represents is real. Cognitive defusion then refers to the process of changing 

one’s perspective to thoughts through meta-awareness, through which they lose their representational 

integrity and being experienced simply as mental events. In the context of pain catastrophizing, this may 

translate to reduced emotional reactivity, and sensory-affective uncoupling of pain (Kabat-Zinn, 1982). 

Thus, cognitive defusion and pain catastrophizing are possibly antithetical constructs with an inverse 

relationship to sensory-affective uncoupling of pain. This tentative hypothesis has not been explored so 

far, which was an explicit aim of the present work. 

Below, I will briefly review the clinical and experimental studies, focusing on what is known to date of the 

effect of mindfulness-based pain regulation on subjective pain experience and underlying cognitive 

mechanisms, based on which I will detail some of the aims of the present work.  
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1.8 Clinical and experimental research on mindfulness meditation and 
pain  

1.8.1 Clinical studies 

In the early 1980s the first mindfulness-based intervention for chronic pain management was introduced 

(Kabat-Zinn 1982). The 10-week program was offered to chronic pain patients who failed to improve with 

traditional medical care, and comprised weekly 2-hr meetings and teachings on meditation practices (akin 

to FA and OM) and gentle yoga, accompanied by discussions on stress and coping and home meditation 

assignments (45 min/day). As discussed before, the basic premise underlying the program was that 

mindfulness meditation could help chronic patients learn to “uncouple” the affective/evaluative alarm 

reaction of pain from the sensory dimension (Kabat-Zinn 1982). In line with this notion, this first study 

reported promising outcomes on pain symptoms, mood disturbance, anxiety and depression that were 

relatively stable at follow-up (up to 7 months) (Kabat-Zinn, 1982).  

Similar more recent adaptations of the above program, so called mindfulness-based interventions (MBIs) 

(see Baer et al., 2003), have since been implemented for a wide variety of chronic pain disorders, 

including but not limited to chronic back pain, fibromyalgia and musculoskeletal pain (Hilton et al., 2017). 

These include several well-controlled studies that have reported promising outcomes of MBIs on several 

mental health indices related to chronic pain (e.g. Morone et al, 2008; Turner et al., 2016). Nevertheless, 

systematic reviews and meta-analyses generally echo the view that there is only limited evidence for the 

efficacy of mindfulness-based interventions on chronic pain due to methodological issues (e.g. small 

sample size, lack of active control groups, no intention to treat etc.) (Chiesa and Serreti, 2011; Bawa et 

al., 2015). Nevertheless, one of the most comprehensive reviews to date included a meta-analysis of 30 

randomized controlled trials investigating the effect of mindfulness-based interventions on various pain 

disorders, and found that, collectively, evidence for an effect on: depression is high (small effect size: 

SMD 0.15, but with high precision/reliability), mental health-related quality of life is moderate (medium 

effect size: SMD 0.49, with moderate precision/reliability), physical quality of life/functional impairment is 

low (medium effect sizes: SMD 0.30-0.34, but with high imprecision/unreliability) (Hilton et al., 2017).   

To summarize, more high-quality studies are clearly needed before any definite conclusions can be 

drawn. However, while not directly examined, the results of the reviewed clinical studies are at least in 

line with the notion that mindfulness meditation primarily impacts the affective dimension of pain as 

opposed to the sensory dimension. Nevertheless, clinical studies are focusing primarily on mental health 

outcomes or measures of symptoms reductions. They are not well-suited for studying specific 

mechanisms of mindfulness meditation or indeed in establishing whether mindfulness meditation per se is 

the active factor at all. This is because MBIs are complex and multifaceted and incorporate elements of 

various meditation techniques including, breath awareness, body scans, mindful walking, physical 
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exercises and stretching, and cognitive reappraisal. An additional confound is that MBIs include social 

interactions with the group and teacher which may also contribute to non-specific effects (Kabat-Zinn, 

1982; as noted in Perlman et al., 2010). For these and other reasons, the mechanisms of mindfulness 

meditation can be better investigated with experimental studies targeting well-defined meditative states 

and specific cognitive mechanisms. 

1.8.2 Experimental studies 

In parallel to clinical studies investigating the efficacy of MBIs, experimental studies have begun to 

explore the mechanisms underlying mindfulness-based pain regulation. The majority of these studies 

have been neuroimaging-oriented and collected pain intensity and unpleasantness reports with the aim of 

performing brain-behavior correlations. Here, I review findings with respect to the impact of mindfulness 

meditation on subjective pain experience, while associated neuroimaging results will be reviewed in later 

sections. 

One of the first studies in the field, by Grant and Rainville, compared a group of long term meditators 

practitioners in the Zen tradition (>1000 hours of practice) to meditation-naïve controls (Grant et al., 

2009). Compared to baseline, meditators, but not controls, reported a reduction in both pain intensity and 

unpleasantness, both while concentrating on the pain sensation (akin to FA) and while performing a 

mindful instruction (akin to OM). Another study by Brown and Jones, included subjects from diverse 

meditation traditions and with widely ranging meditation experience (39-1820 hours of practice), who 

where compared against meditation-naïve controls (Brown and Jones, 2010). No active meditation 

instructions were provided in this study. At first, the authors observed no group differences. However, 

when comparing a subgroup of the most experienced meditators (> 6 years of experience) to controls, 

meditators were found to report significantly lower pain unpleasantness (intensity reports were not 

collected). Another study by Gard and colleagues included experienced Vipassana practitioners (910 to 

20855 hours of practice) and meditation-naïve controls (Gard et al., 2012). Meditators but not controls, 

reported a reduction in pain unpleasantness but not pain intensity when performing a mindfulness 

instruction (akin to OM) as compared to baseline. Another study by Perlman and colleagues, of which the 

present work is a continuation, compared Tibetan Buddhism practitioners to formerly meditation-naïve 

controls who received written meditation instructions and were instructed to practice at home for 30 

minutes a day 7 days prior to the experiment (Perlman et al., 2010). This study investigated the effect of 

FA and OM practice (OP for experts) on subjective pain experience. During FA, groups reported no 

differences in pain intensity and pain unpleasantness. During OM, experts reported significantly lower 

pain unpleasantness, as well as marginally lower pain intensity, both compared to the FA condition, as 

well as compared to novices, with much larger effects on the affective as compared to the sensory 

dimension. Finally, in a series of experiments by Zeidan and colleagues, meditation-naive participants 
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underwent 4 brief 20-minute sessions of formal meditation training in a practice that involved sustained 

focused attention on the breath (akin to FA) (Zeidan et al., 2011, 2015, 2016). After the intervention, but 

not before, participants reported a marked overall reduction in pain, including in pain intensity and 

unpleasantness, while focusing attention on the breath. 

To summarize, the reviewed experimental studies have yielded mixed results, with some studies reporting 

a clear pattern of sensory-affective uncoupling (Gard et al., 2012; Perlman et al., 2010), while others 

reported marked overall reductions in pain intensity and pain unpleasantness (Grant and Rainville, 2009: 

Zeidan et al., 2011, 2015, 2016). As such, the notion of mindfulness-related sensory-affective uncoupling 

of pain remains debatable.  

The above discrepancy may arise from the diversity of styles of and expertise in mindfulness meditation. 

For instance, the type of meditation instructions provided to novices in the studies by Zeidan and 

colleagues, involved a focusing of attention on the breath, which in the context of pain, might involve 

components more akin to distraction, which has been linked to attentional gating mechanisms and overall 

pain reductions (Miron and Duncan 1989; Sprenger et al., 2012), as was observed in these studies. 

However, at the same time, the studies by Zeidan and colleagues are the only ones who provided formal 

meditation training to novices (in all other studies meditation-naïve participants received written 

meditation instructions). Hence, it is also plausible that novices tend to show a different pattern of pain 

regulation when they begin to meditate as compared to experts. As mindfulness instructions and level of 

formal training differed between the studies at hand, this remains an open question. Furthermore, the 

finding that experts reported sensory-affective uncoupling of pain during OM in the study by Perlman and 

colleagues needs itself to be replicated.  

The current work aimed to address the above issues, first, by recruiting a sample of expert meditators 

from the same Tibetan Buddhist meditation traditions as in the study by Perlman and colleagues, which 

allowed for a replication of results, second, by including formerly meditation-naïve participants who 

received brief formal training in OM, which allowed us to examine whether novices show an effect after 

formal training in OM, which none of the studies have provided so far. The latter also allowed us to make 

a preliminary comparison of the pattern of pain regulation of novices trained with that of novices trained in 

the studies by Zeidan and colleagues. Note that in this light, we could have opted to instruct participants 

to perform FA in addition to OM, which would have allowed us to directly compare the pain regulatory 

effect of OM and FA in formally trained novices. However, we instead chose to implement a non-

meditative attentional distraction control state. This choice was motivated by our wish to compare a state 

that is high in meta-awareness and dereification in relation to pain-related processes to one where these 

cognitive processes are low (at least in relation to pain). That is, where the distraction condition might still 

have involved some degree of meta-awareness and dereification to enable a focusing on the task-set, 
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this task-set was away from pain, thus preventing the recruitment of these cognitive capacities in relation 

to pain itself. 

1.8.3 Studies examining interrelations between mindfulness and pain 
catastrophizing 

Interestingly, none of the above reviewed experimental studies have investigated the cognitive 

mechanisms underlying mindfulness-based pain regulation. Nevertheless, another line of clinically-

oriented studies has investigated interrelations between mindfulness and pain catastrophizing. The 

majority of these studies have hypothesized that mindfulness and pain catastrophizing can be construed 

as antithetical constructs; where pain catastrophizing refers to a type of conceptual processing that is 

reactive and judgmental and leads to the cognitive-affective amplification of pain, whereas mindfulness 

involves a specific cognitive attitude that is non-judgmental and nonelaborative and assumed to lead to a 

diffusion of emotional responses. As such, most reviewed studies expected to find an inverse relationship 

between mindfulness and pain catastrophizing measures. Methodologically, the majority of these type of 

studies (and the ones reviewed below) have examined statistical relationships between pain 

catastrophizing, as assessed by the Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995), and the 

different facets of the Five Facet Mindfulness Questionnaire (FFMQ) (Baer et al., 2006); the most widely 

implemented mindfulness questionnaire in clinical pain research. The latter purports to measure five 

mindfulness dimensions including: Observing (noticing or attending to internal and external experiences), 

Describing (labeling internal experiences with words), Acting with awareness (attending to present 

moment experience), Non-Judging (adopting a non-evaluative stance towards thoughts and feelings) and 

Non-Reacting (allowing thoughts and feelings to pass, without getting caught up in them). From these 

studies, a consistent picture has emerged as will be reviewed further below.  

Of the different FFMQ facets, the Non-judging and Non-reacting facets have repeatedly been found to 

correlate negatively with PCS, in both clinical (Day et al., 2015, Turner et al., 2016; Schutze et al., 2010), 

and healthy samples (Elvery et al., 2016), with the Non-judging facet generally showing the strongest 

correlations. The Act with awareness facet was also found to correlate negatively with PCS in the majority 

of studies, albeit less strongly (Day et al., 2015, Turner et al., 2016, Elvery et al., 2016). In contrast, 

correlations with Observe and Describe facets are generally not observed (Day et al., 2015; Turner et al., 

2016; Schutze et al., 2010; Elvery et al., 2016). Collectively, these studies suggest that in particular the 

Non-judging and Non-reacting facets of the FFMQ capture dimensions of mindfulness antithetical to pain 

catastrophizing. Importantly, the specificity of these findings has been questioned by one of the studies, 

which found that none of the significant relationships between FFMQ facets and PCS survived when 

controlling for worry, a general anxiety-related construct (Day et al., 2015). This finding underlines the 

need to control for other more general cognitive-emotional constructs to assess specificity when 
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examining relations between mindfulness and pain catastrophizing (Day et al., 2015). Importantly, the 

non-specificity of the relationship between FFMQ facets and pain catastrophizing raises the question 

whether other mindfulness-related constructs show a more specific relationship to pain catastrophizing. A 

better understanding of whether there are any specific mindfulness-related constructs that overlap with 

pain catastrophizing would be of great benefit to the field as it could help optimize the implementation of 

mindfulness-based interventions in the clinical domain. Interestingly, as mentioned before, none of the 

studies reviewed in this section have examined the role of cognitive defusion (or meta-awareness and 

dereification) in mindfulness-based pain regulation. This was another central aim of the present work.  

1.9 Summary and general aims 

In this chapter, I introduced the phenomenological matrix, a heuristic framework that allows to 

reconceptualize mindfulness as an assembly of cognitive processes that can be mapped onto different 

practice styles and levels of expertise. Based on this model, I highlighted the hypothesized central role of 

meta-awareness and dereification as two core cognitive processes underlying mindfulness-based 

emotion regulation, and detailed their presumed developmental trajectory with mindfulness practice, 

coming to full fruition with expertise in OM. I then discussed how both constructs are more commonly 

studied under the single construct of cognitive defusion and how it has been hypothesized that this 

metacognitive capacity underlies sensory-affective uncoupling of pain during mindfulness meditation by 

its opposing effects on pain catastrophizing-related processes. Subsequently, I reviewed an experimental 

literature which indicates that mindfulness meditation may indeed result in sensory-affective uncoupling of 

pain, but that discrepancies remain, possibly related to a diversity of styles of and expertise in 

mindfulness meditation. Finally, I reviewed clinically-oriented studies that have started exploring 

relationships between mindfulness and pain catastrophizing, but have so far not examined the role of 

cognitive defusion in mindfulness-based pain regulation.  

The aim of the present work was to bridge the above three literatures: i) mindfulness theory focusing on 

the phenomenology of mindfulness practices and emphasizing cognitive defusion (i.e. meta-awareness 

and dereification) as a core cognitive process underlying mindfulness-based emotion regulation, ii) 

experimental studies examining the impact of mindfulness meditation on subjective pain experience and 

sensory-affective uncoupling of pain, and iii) clinical studies investigating interrelations between pain 

catastrophizing and mindfulness-related processes. To this end, we implemented a multidimensional 

approach, where we: i) investigated the role of meditation state and expertise on sensory-affective 

uncoupling of pain experience, and ii) examined the impact of mindfulness mediation on pain 

catastrophizing and cognitive defusion in relation to sensory-affective uncoupling of pain experience. 
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Chapter 2: Neuronal mechanism underlying sensory-affective 
uncoupling of pain during mindfulness meditation 

This chapter starts with a review of pain processing in the human nervous system, from peripheral 

nociceptive processing to nociceptive processing in the spinal cord and in the brain. I then describe how, 

nociceptive information is transduced to a final conscious pain percept. In doing so, I focus on the role of 

the anterior insula as a critical hub of the salience network, implicated in bottom-up (including pain 

processing) and top-down salience processing (including pain anticipation). I then, review some studies 

on mindfulness-based pain regulation to date, showing that mindfulness meditation has been associated 

with altered anterior insula processing during the anticipation and experience of pain. I then proceed to 

outlying some of the aims and hypotheses of this work.    

2.1 Pain processing in the human nervous system 

2.1.1. Nociceptors 

The body’s ability to detect harmful stimuli relies on a specialized part of the somatic sensory system that 

responds to potentially damaging mechanical, chemical and thermal stimuli (Purves, 2004). This process 

is initiated by nociceptors: primary sensory neurons that have their cell bodies located in the dorsal root 

ganglion (or the trigeminal ganglion for the face) and project one axon peripherically to their target organ 

and the other centrally to the dorsal horn of the spinal cord (or the brainstem for the face) (Basbaum et al. 

2009; Purves, 2004).  

Nociceptors are present in all tissues of the body except the central nervous system, but especially the 

skin is densely innervated. Two major classes of nociceptors exist. The first class includes medium 

diameter myelinated Aδ-fibers that possess relatively rapid conducting velocities (5-30 m/s). These fibers 

mediate so called ‘first’ pain: the acute phase of the pain response that is brief, sharp and well-localized. 

The second class includes small diameter unmyelinated C-fibers that possess much lower conducting 

velocities (0.4–1.4 m/s). These fibers mediate so called ‘second’ pain that is longer-lasting, dull and less 

well-localized (Basbaum et al., 2009). The different classes of nociceptive fibers also exhibit different 

response properties. Aδ-fibers generally respond either to dangerously intense mechanical or 

mechanothermal stimuli. Specifically, so called Type I Aδ-fibers are mechanosensitive but have high pain 

thresholds (>50° C), whereas type II Aδ-fibers have much lower heat thresholds (>43° C) but very high 

mechanical thresholds. By contrast, most C-fibers respond to mechanical, thermal and chemical noxious 

stimuli and are therefore said to be polymodal (Basbaum, 2009; Purves, 2004). 
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2.1.2. Integration in the spinal cord 

When activated, nociceptors send an afferent volley to the dorsal horn of the spinal cord where they 

terminate on second-order spinal neurons (Basbaum et al, 2009). The dorsal horn is a major site for 

integration of primary sensory input and descending supraspinal modulation (Peirs and Seal, 2012). Pain 

processing in the dorsal horn is incredibly complex and a vast area of research is dedicated to 

understanding how primary sensory afferents and their interactions in the dorsal horn contribute to 

clinically relevant pain disorders. Hence, a full review of this topic is well beyond the scope of the present 

thesis (see Julius and Basbaum 2001 & Craig 2003a for reviews). Nothwithstanding this complexity, a few 

key organizing principles can be noted.  

As displayed in figure 1, the dorsal horn is organized in a precise laminar manner and different classes of 

nociceptors tend to target spinal neurons in different laminae (Basbaum et al., 2009). Specifically, 

anatomical evidence indicates that Aδ-fibers primarily project to superficial lamina I and lamina V deeper 

in the dorsal horn, C-fibers generally project to superficial laminae I and II, and Aβ-fibers -which process 

innoxious sensory information- primarily terminate in deep laminae III, IV, and V (Basbaum et al., 2009). 

Accordingly, electrophysiological studies show that spinal cord neurons within lamina I and II primarily 

respond to noxious stimulation (via Aδ- and C-fibers), whereas neurons in lamina III, IV and V are more 

responsive to sensory touch (Peirs and Seal, 2016). In addition, spinal projection neurons in lamina V 

generally have large receptive fields (allowing for the convergence of multiple inputs) (Craig 2003a). 

These types of neurons are called wide-dynamic-range (WDR) neurons because they respond to a broad 

range of stimulus intensities (Basbaum et al., 2009). In contrast, most projection neurons in lamina I have 

small receptive fields and form monosynaptic connections with primary sensory afferents (Craig, 2003). 

Neurons of this type are called nociceptive-specific (NS).  

The precise role of these different types of neurons is still elusive. However, WDR-neurons are likely 

integral to intensity coding functions and NS-neurons to encoding precise somatotopic information. 

Accordingly, it has been suggested that different types of pain emerge as a function of the integration of 

multiple types of second-order neurons, i.e. from the combined characteristics (or population coding) of 

NS and WDR neurons (as well as other neurons) (Price, Greenspan and Dubner 2003), although this 

notion is still subject to debate (see Craig 2003ab; Wercberger & Basbaum, 2019). Regardless of the 

exact contributions of the respective neurons, projection neurons from lamina I and V constitute the major 

output from the dorsal horn to the brain (Basbaum et al. 2009), as will be further discussed in the next 

section. 
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2.1.3 Ascending pathways of the spinal cord 

From the dorsal horn of the spinal cord, several afferent bundles convey nociceptive information to 

distinct supraspinal sites. The majority of these tracts pass through the thalamus, which constitutes a 

major relay station for nociceptive input to the rest of the brain. Additionally, several tracts target limbic 

areas directly. The main nociceptive tracts and their supraspinal targets will be briefly described below. 

The spinothalamic tract (STT): constitutes the major ascending pathway for information about 

temperature and pain. Originating mainly from lamina I and V of the dorsal horn, axons from second-order 

neurons in this pathway first decussate the spinal cord through the anterior white commissure, before 

ascending along the spinal cord in the ventrolateral funiculus, through the brainstem, to several thalamic 

target sites (Almeida, 2004). 

• A component of this pathway, the neospinothalamic pathway, directly projects to lateral thalamic 

nuclei, which include the ventroposterior lateral (VPL), medial (VPM) and inferior (VPI) thalamic nuclei 

(Almeida, 2004; Lenz, 2010). Neurons in this pathway are primarily nociceptive-specific and convey 

precise topographic information to projection sites (Lenz, 2010). These include the primary 

somatosensory cortex (S1) in the parietal lobe and the secondary somatosensory cortex (S2) in the 

parietal operculum, which are involved in the sensory-discriminative aspects of pain processing (i.e. in 

encoding information about the intensity, location, quality and duration of pain).  

• Another  component of  the  STT, originates from lamina I  of the  dorsal horn  and projects to  a  

thalamocortical relay nucleus in the posterolateral thalamus — the posterior part of the ventromedial 

nucleus, or VMpo, which in turn projects to a specific site in the dorsal posterior insula (Craig 2002). This 

pathway has been the subject of considerable controversy as some authors have disputed its very 

existence, whereas others consider it a key interoceptive pathway (and the posterior insula as key 

interoceptive cortex) that conveys an internal representation of the physiological status of the body 

Figure 1. (Left) First-order nociceptive neurons project from the periphery to superficial (I-II) and deep (V-VI) laminae. 

(Right) The dorsal horn is organized in a precise laminar manner and different classes of nociceptors target spinal neurons 

in different laminae. 

Price, 2007        Basbaum et al., 2009 
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(based on observations that this pathway is consistently activated by a range of visceral sensations 

including pain, among others). 

• A third component of the STT projects to specific medial intralaminar thalamic nuclei (the central 

lateral nucleus (CL), medial dorsal nucleus (MDvc) and the parafascicular nucleus (Pf)), and then on to 

several limbic and cortical regions including the striatum, area 24 of the anterior cingulate cortex (ACC) 

and prefrontal cortex (Lenz, 2010). This pathway is not somatotopically organized and contributes to the 

affective-motivational aspects of pain processing (i.e. pain aversiveness and escape and avoidance 

behaviors), in part through coordinated activity with other limbic areas (see below). 

Other nociceptive tracts  

The spinoreticular tract: orginates mainly from lamina V, VII and VIII of the dorsal horn. This tract largely 

parallels the spinothalamic tract, except that it passes through the reticular formation of the brainstem 

before ascending to medial thalamic nuclei. Its projections to the reticular formation are thought to 

contribute to motor control, neurovegetative functions and descending pain inhibition, whereas its 

projections to the medial thalamic nuclei are implicated in the affective-motivational components of pain 

processing. However, the extent to which the spinoreticular tract contributes to the latter remains unclear 

as its thalamic projections are relatively sparse (Almeida, 2004).  

The spinomesencephalic tract: originates mainly in laminae I, II, IV, V, VI of the dorsal horn. Its main 

projection site is the periaqueductal gray (PAG) of the midbrain. The PAG plays a central role in the 

descending control of pain activity and spinomesencephalic projections likely contribute to this function 

(Basbaum, 2009). Stimulation studies also suggest a role for this tract in autonomic, cardiovascular, and 

motivational-affective responses related to pain (Almeida, 2004).  

The spinobrachial and spinohypothalamic tract: are both extrathalamic tracts with direct projections to 

their target sites. Both tracts first project to the parabrachial nucleus (PN). From there, the 

spinoparabrachial-amygdaloid tract projects to the amygdala and the spinoparabrachial-hypothalamic 

tract to the ventromedial nucleus of the hypothalamus. These projections are thought to contribute to the 

neuroendocrine, autonomic, motivational and affective regulation of pain (Almeida, 2004). 
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Medial and lateral pain system 

Based on the above described thalamic projections, the nociceptive system is commonly divided into a 

lateral and medial pain system according to the thalamic nuclei involved (see Figure 2). The lateral 

system involves the lateral thalamic nuclei (VPL, VPM, VPI) and their main cortical projection sites: the 

primary and secondary somatosensory cortex (S1 and S2 respectively), thought to be involved in the 

sensory-discriminative aspects of pain processing. The medial system includes the medial thalamic nuclei 

(CL, MDvc, Pf) and their main cortical projection site: the anterior cingulate cortex (ACC), thought to be 

involved in the affective-motivational aspects of pain processing. The insula occupies a middle position in 

this classification as it receives its major input from the lateral system, but projects itself to the medial 

system. Thus, the sensory-discriminative and affective motivational aspects of pain processing seem to 

depend on partly dissociable neural substrates. However, it should be emphasized that the division of the 

nociceptive system in a lateral and medial system is an oversimplification as the lateral system can for 

example influence affective-motivational functions through several pathways. Nevertheless, the distinction 

is considered useful and valid (Treede et al.,2002).  

 

 

 

 

 

 

 

Figure 2. Overview of ascending pathways of the spinothalamic tract. (A) The 
lateral pain system comprises lateral thalamic nuclei (VPL, VPM, VPI) receiving 
somatopically organized input from lamina I spinal neurons and projecting to 
somatosensory cortex (S1/S2) involved in the sensory-discriminative aspects of pain 
processing. The medial pain system comprises thalamic nuclei (Mdvc, Pf, CL) 
projecting to the ACC implicated in the affective-motivational aspects of pain 
processing. The insula occupies a middle position as it receives its major input from 
the lateral system but projects itself to the medial system. (B) A depiction of the 
spinothalamic tract including its three main projection targets: the anterior 
cingulate cortex (area 24c); involved in affective-motivational pain processing, SI 
(Area 3a); involved in sensory-discriminative pain processing, and dorsal posterior 
insula presumably involved in interoception. ACC, anterior cingulate cortex; CL, 
centrolateral nucleus; MDvc, ventrocaudal part of medial dorsal nucleus; Pf, 
parafascicular nucleus; S1, primary somatosensory cortex, S2, secondary 
somatosensory cortex; VMpo, posterior part of ventromedial nucleus; VPI, ventral 
posterior inferior nucleus; VPL, ventral posterior lateral nucleus; VPM, ventral 
posterior medial nucleus. 

B 

Craig, 2002 

Treede, 2002 A 
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2.1.4 The cortical integration of pain 

The pain matrix 

The advent of neuroimaging (employing techniques such as functional magnetic resonance imaging 

(fMRI); measuring changes in blood oxygenation, and positron emission topography (PET); measuring 

changes in cerebral blood flow; both presumably reflecting underlying changes in neural activity)  has 

revealed that nociceptive processing activates a large-scale distributed brain network, consistent with the 

complex and multidimensional nature of pain (Tracy and Mantyh, 2007; Garcia-Larrea and Peyron, 2013). 

Brain structures activated by painful stimuli are commonly referred to as the “pain matrix”: a concept 

derived from the notion of the “neuromatrix” put forward by Ronald Melzack, who proposed that the 

physical self or the feeling of the “body self” is produced by the distributed activity of neurons, each 

experience, including pain, being associated with a different output pattern or “neurosignature” (Melzack, 

1989; 2001). Consistent with the idea of the neuromatrix, pain is not associated with a fixed pattern of 

brain activation. Rather, pain results from activity that is dependent on the complex interplay between 

physical, emotional and cognitive factors influencing pain perception. Cortical and subcortical regions 

commonly activated by nociceptive stimulation are displayed in Figure 3, and include the ACC, insular 

cortex, S1 and S2 (all primary recipients of nociceptive information; see previous section), as well as 

frontal and prefrontal cortices, thalamus, basal ganglia, cerebellum, amygdala, hippocampus, and regions 

within the parietal and temporal cortices (Tracey, 2005; see meta-analyses by Peyron et al., 2000; 

Apkarian et al., 2005). Some of these regions, including the ACC, insular cortex, and S2, are more 

commonly activated than others during painful stimulation (Duerden and Albanese, 2013; Jensen et al., 

2016), and are therefore commonly taken to represent the core of the pain matrix and as indicating 

nociceptive processing is sufficient for the generation of a pain percept (which critically depends on the 

involvement of other areas, see below) (Tracey, 2005). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Schematic representation of brain regions implicated in pain processing and their interactions. Red, S1; 
orange, S2; green, ACC; light blue, insula; yellow, thalamus; purple, PFC; dark blue, primary motor cortex (M1). SMA, 
supplemental motor area; PCC, posterior cingulate cortex; BG, basal ganglia; HT, hypothalamus; Amyg, amygdala, 

PB, parabrachial nuclei. [text and figure adapted from Schweinhardt & Bushnell, 2010].   

Schweinhardt & Bushnell, 2010 
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Sensory-discriminative and affective-motivational processing 
 

A classical distinction, already briefly touched upon above, is that between a lateral sensory-

discriminative system and a medial affective-motivational system. Specifically, while the activity of most 

regions constituting the core pain matrix typically correlates with both objective stimulus temperature and 

perceived pain intensity (Coghill et al., 1999, 2001, 2003; Wager et al., 2013; see further below), sensory-

discriminative pain processing is commonly considered to be restricted to the posterior insula (pINS) and 

S1, S2 (Bushnell, 1999; Hofbauer et al., 2001; Timmerman et al., 2001; Maihöfner et al., 2006; Mazolla et 

al., 2012). Noxious stimulation consistently activates localized regions situated at the upper bank of the 

lateral sulcus (sylvian fissure), including portions of the S2 and pINS (Treede 2000). As distinguishing 

these regions with fMRI is challenging, they are collectively referred to as the operculo-insular cortex 

(Mazolla, 2012). While activation of the operculo-insular cortex is not unique to nociception and is also 

commonly observed with other somatosensory stimulation (consistent with the idea of its role as an 

interoceptive cortex, see below) (Treede 2000; Garcia-Larrea, 2012; Mazolla, 2012), pain stimulation is 

associated with stronger bilateral activation with activity being strongest on the contralateral side of 

stimulation (Mazolla, 2012). Furthermore, while noxious and innocuous stimuli activate overlapping 

regions in the operculo-insular cortex, pain stimulation has been shown to uniquely activate small sites at 

the contralateral posterior insula (Ig area) and anterior part of bilateral (OP 4) (Mazolla et al., 2012). 

Activation of S1 is less consistently observed, possibly due to larger interindividual anatomical variability 

and its activity being context-dependent (e.g. attentional/hypnotic modulations towards or away from pain 

sensations respectively increase or decrease S1 activity; Bushnell et al., 1999). In addition, noxious 

versus innocuous stimulation is known to increase functional connectivity between S1 and pINS (Peltz et 

al., 2011). Combined with observations that activity of pINS strongly correlates with objective stimulus 

intensity (Craig, 2000; Kong et al., 2006), and of somatotopic organization within these regions (Craig, 

2003: Brooks et al., 2005), reviewed findings converge to suggest an important role of the operculo-

insular cortex (pINS/S2) and S1 in sensory-discriminative aspect of pain processing.  

 

The medial affective-motivational system, on the other hand, has been typically equated with the ACC 

(but see below), which receives coarse somatotopically unorganized nociceptive information (e.g. Vogt et 

al., 1993). Initial evidence for its role in the affective-motivational aspects of pain processing came from 

research in animals and humans. For instance, studies showing that cingulotomy in animals impaired 

aversive learning, and that cingulotomy in humans (for the alleviation of chronic pain) caused a reduction 

in pain affect but not in one’s ability to appraise the sensory aspects of noxious stimuli (see Vogt et al., 

1993). Other evidence for the involvement of the ACC in affective-motivational pain processing comes 

from functional neuroimaging studies. For instance, a hypnotic manipulation to selectively reduce the 

unpleasantness but not intensity of noxious stimuli specifically led to changes in ACC but not in sensory 

regions (Rainville, 1997). Yet more recently, an attempt has been made to synthesize findings of 939 
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neuroimaging studies including studies on pain and negative affect (i.e. fear, anger, disgust) (Shackman 

et al., 2011). Results of this large scale review and meta-analysis show that both pain and negative affect 

activate an overlapping region in the anterior midcingulate cortex (aMCC; (BA32/24). Other observations 

in support of the aMCC in the affective-motivational aspects of pain processing, are its robust connection 

to subcortical regions implicated in pain and negative affect (e.g. amygdala, nucleus accumbens), and it 

being situated directly next to the motor cortex with which it shares extensive connections, thus allowing 

the initation of motivated behaviors, including pain-related avoidance (Shackman et al., 2011).  

  
From nociception to pain 

 

While the distinction between a sensory-discriminative and affective-motivational pain system is still valid 

to some degree, it is also limited. For example, it does not take into account the critical role of the anterior 

insula (aINS) in pain processing other than stating it occupies a middle position between the two systems. 

Furthermore, it does not explain how primary nociceptive information is translated to a conscious pain 

percept or how cognitive manipulations can affect pain experience. Finally, it does not account for the 

involvement of the aMCC in cognitive control, and attentional/evaluative functions important to pain, or 

observations that pain is better predicted when taking into account distributed activity in multiple brain 

regions.  

To account for the countless nuances inherent to pain, Garcia-Larrea and Peyron, have conceptualized 

the pain matrix as a fluid system composed of several interacting networks, in line with the original 

concept of the neuromatrix (Garcia-Larrea and Peyron, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Schematic representation of the three interacting subnetworks underlying pain perception proposed by 

Garcia-Larrea and Peyron. A first-order nociceptive matrix is primarily involved in sensory encoding. A 2nd-order 

perceptual matrix underlies attentional/evaluative and modulatory aspects of pain and is involved in the transduction 

of sensory information to a conscious pain percept. A 3rd-order reappraisal matrix is largely composed of regions 

outside the classic pain matrix and is primarily involved in the emotional regulation of primary pain experience 

(reappraisal) [from Garcia-Larrea & Peyron, 2013].   

Garcia-Larrea & Peyron 2013 
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Garcia-Larrea and Peyron distinguish a first-order nociceptive matrix that includes regions receiving 

primary afferents, including the aMCC, pINS and S1/S2. While the nociceptive matrix, and especially 

pINS and S1/S2 are responsible for the generation of sensory pain experience, they cannot by 

themselves generate a conscious pain experience. This requires association of the nociceptive matrix 

with a second-order perceptual network. 

 

A second-order perceptual network comprises the mid and anterior insula, the aMCC and prefrontal and 

posterior parietal regions (Garcia-Larrea and Peyron, 2013). Particularly the mid and anterior insula 

participate almost consistently to pain. As will be discussed more extensively below, these integrative 

regions are crucial to interoception and in the conscious monitoring of internal body states (Craig et al., 

2002; Critchley et al., 2004). The latter requires that the aINS, which receives sensory information from 

the pINS, engages with brain structures implicated in attention and cognitive control. These include the 

aMCC (in addition to its role in negative affect), and prefrontal and posterior parietal regions. 

Relationships between these regions are complex and context-dependent. However, broadly these brain 

structures are involved in sustaining attentional, evaluative and cognitive control processes (see Garcia-

Larrea and Peyron, 2013 for a review). Specifically, the aMCC and aINS are part of a functionally coupled 

“salience network”, whose function is to detect behaviorally relevant stimuli from the internal and external 

environment to select them for further processing (Menon and Uddin, 2010). These regions can then 

recruit prefrontal and posterior parietal regions essential for declarative awareness and the generation of 

conscious pain percepts (see Garcia-Larrea and Bastuji 2018: Garcia-Larrea and Peyron, 2013 for 

reviews). This salience network also mediates top-down influences on low-level sensory processes 

(Garcia-Larrea and Peyron, 2013; Menon and Uddin, 2010). As the aMCC and aINS, as part of the 

salience network, integrate bottom-up and top-down processes and are involved in a wide-range of 

functions, their activity during pain varies enormously depending on contextual factors (Garcia-Larrea and 

Peyron, 2013). For this same reason, activity in a large part of the “pain matrix”, including the second-

order perceptual matrix, is not specific to pain experience, but rather reflects general functions such as 

salience detection (including of stimuli from all sensory modalities) (Legrain et al., 2011).  

 

Finally, Garcia-Larrea and Peyron, distinguish a third-order reappraisal matrix, which comprises several 

regions that fall outside the classic pain matrix and whose activity has been shown to exert a powerful 

influence on pain. This includes regions such as the perigenual cingulate, the orbitofrontal cortex, the 

temporal pole, and anterolateral prefrontal areas (Garcia-Larrea and Peyron, 2013), which have been 

implicated in affective regulation and contextual evaluation of stimuli (Roy et al., 2012; Rolls et al., 2008). 

As noted by Garcia-Larrea and Peyron, the pain-relieving effects of placebo, self-regulation of pain, and 

positive beliefs have been primarily associated with activity in those regions (see Wiech et al., 2008 for a 

review). Importantly, these regions, and particularly the ventromedial prefrontal cortex (perigenual 

cingulate, orbitofrontal cortex) (Roy et al., 2012), are heavily connected to regions implicated in the 



                                                      
 

46 
 

descending control of pain (i.e. periaquaductal grey and brainstem), and can thus indirectly affect first- 

and second-order pain matrices through causing inhibition of ascending nociceptive information (Garcia-

Larrea and Peyron, 2013; see Bushnell et al., 2013 for a review). Consistent with the original idea of the 

neuromatrix, the final pain percept is proposed to arise from the coordinated activity between these 

different matrices whose activity is subject to constant change (Garcia-Larrea and Peyron, 2013). 

 

In line with the model proposed by Garcia-Larrea and Peyron, Wager and colleagues used a machine-

learning approach to predict predicted perceived pain intensity in healthy participants (Wager et al., 

2013). They identified a neurologic signature (pattern of activity across brain regions with positive and 

negative weights), comprising brain regions such as the thalamus, pINs, aINS, S2, mACC, which had a 

specificity of about 90% in discriminating painful heat from other salient and aversive events. Yet more 

recent findings show that the identified neurological pain signature (NPS) is largely specific for encoding 

nociceptive pain i.e., the pattern of activation and pain intensity produced by a noxious event (Woo et al., 

2017). Note that the regions in the NPS largely correspond to the first-order nociceptive and second-order 

perceptual matrix proposed by Garcia-Larrea and Peyron, in line with the idea that association of these 

two matrices is necessary for the generation of a conscious pain percept. More recently, a second 

neurologic signature has been identified that predicts changes in pain experience independent from 

activity in the NPS. This second signature has been shown to mediate the effects of voluntary pain 

regulation and comprises the vmPFC and nucleus accumbens as core regions. Note that this is largely 

consistent with the third-order reappraisal matrix proposed by Garcia-Larrea and Peyron.    

 

 

 

,  

 

, 

Figure 4. The neurological pain signature. The figure shows a signature map, consisting of a pattern of positive and 
negative weights that reliably predict pain. ACC denotes anterior cingulate cortex, CB cerebellum, FUS fusiform, HY 
hypothalamus, IFJ inferior frontal junction, INS insula, MTG middle temporal gyrus, OG occipital gyrus, PAG periaqueductal 
gray matter, PCC posterior cingulate cortex, PFC prefrontal cortex, S2 secondary somatosensory cortex, SMA supplementary 
motor area, SMG supramarginal gyrus, SPL superior parietal lobule, TG temporal gyrus, and THAL thalamus. [text and figure 
adapted from Wager et al., 2013] 

       Wager et al 2013 
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2.1.5 The anterior insula: a critical salience network hub involved in current and predictive feeling 
states  

In the previous section, I have discussed how the salience network, comprising the aINS and aMCC as 

core nodes, is crucial to the detection of bottom-up salient events, such as noxious events, and in 

providing access to working memory resources for further processing. However, the role of the salience 

network is not limited to bottom-up salience processing. Instead, ample evidence indicates that activity in 

the salience network can also be driven by top-down processing. This is for instance the case during pain 

anticipation. Importantly, such top-down processing in the salience network is known to influence 

subsequent pain perception. This dual role of the salience network, and especially of aINS, can be better 

understood when taking into account its integrative function as a critical interface between sensory, 

affective and cognitive structures. This section briefly reviews the role of aINS as a critical hub in the 

salience network and its importance to pain processing. 

Structural and functional organization of the insular cortex 

Functional connectivity analyses based on a clustering-approach have identified three functional 

subdivisions (see Figure 5A). A posterior region (yellow) primarily connected with pINS and 

somatosensory cortices; a dorsoanterior region functionally connected with aMCC and other regions in a 

previously described control network (CEN; see below); and a ventral anterior region, primarily connected 

with pregenual anterior cingulate cortex and other affective region (Deen et al., 2011). This finding has 

been replicated (Chang et al., 2013), and is also reflected in underlying structural connectivity (Nomi et 

al., 2016), and in large scale reverse-inference analyses showing that the pINS is mainly associated with 

somatomotor processing, the dorsoanterior insula with cognitive/attentional control, and the ventroanterior 

insula with emotive functions (Chang et al., 2013; Uddin et al., 2014). Importantly, in addition to this 

functional subdivision, some subregions in the aINS have been identified that show overlap in functions 

(see Figure 5B) (Uddin et al., 2014). These regions correspond with the salience network, in line with the 

function of this network as a critical integrative hub (see below).  

 
The salience network 

The brain is intrinsically organized into functionally coupled subnetworks with different functionality. The 

three main functional networks are the default mode network (DMN), including the vmPFC and posterior 

cingulate cortex (PCC), and implicated in self-referential processing (among other functions); the salience 

network (SN), including the aINS and aMCC as main nodes, and implicated in salience processing and 

switching between other networks; and the central executive network (CEN), including the dlPFC and 

posterior parietal cortex (PPC), and implicated in attentional and cognitive control functions (Menon and 
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Uddin, 2010). The SN occupies a central position between the DMN and CEN, and has been implicated 

in dynamically switching between the other two networks (whose activity alternates in rest) (see Figure 

5C). The SN is unique in that it receives sensory and limbic information in the aINS (from pINS), which is 

continuously filtered for the detection of salient events. In case such an event (e.g. pain) is detected, the 

aINS triggers appropriate control signals for the adaptive regulation of behavior via the mACC (and CEN). 

In addition, to its role in bottom-up processing the aINS as part of the SN is also sensitive to top-down-

influences such as during pain anticipation (see further below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Insular subdivisions and the salience network. (A) The insula has three functional subdivisions: a posterior 
“somatomotor” insula (yellow), anteriordorsal “cognitive” insula and ventroanterior “affective” insula. (B) Some subregions 
in the anterior insula show overlap in functions and correspond to the salience network, (C) the salience network occupies 
a middle position between the default mode and central-executive network (see text) and is implicated in switching 
between these networks and in detecting salient events by virtue of its input of sensory and limbic information. vmPFC, 
ventromedial prefrontal cortex; PCC posterior cingulate cortex; AI, anterior insula; ACC, anterior cingulate cortex; dlPFC, 
dorsolateral prefrontal cortex; PPC, posterior parietal cortex. 

A 

  B 

C 

Deen et al., 2011 

Uddin et al., 2014 

Bressler & Menon, 
2010(Based on Menon 

& Uddin, 2010) 
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The role of the anterior insula in bottom-up salience detection 
 
 
The insular cortex (posterior to anterior) has been attributed a critical role in interoception i.e., sensing the 

internal state of the body. Specifically, it has been proposed that primary nociceptive information from the 

piNS is re-mapped in the aINS to give rise to a consciously accessible feeling state (Craig, 2002; 2009). 

This proposal is now strongly supported by the literature. Supporting its role in awareness of subjective 

feeling states, the aINS is consistently activated (with the aMCC) during emotions including, maternal and 

romantic love, anger, fear, sadness, happiness, sexual arousal, disgust and aversion and many others 

(see Craig, 2002 for an overview). Furthermore, whereas graded objective stimulus intensity of painful 

stimuli correlate strongly with activity in pINS, corresponding subjective pain reports correlate more 

strongly with activity in aINS (see Figure 6A) (Craig, 2000; Kong et al., 2006). Yet other studies indicate 

that activity in aINS correlates with interoceptive awareness of heartbeat (see Figure 6B) (Critchley et al., 

2004). Another line of work provides additional insight into the function of the aINS. Specifically, the aINS 

has been found to respond strongly to novel and deviant stimuli (Crottaz-Herbette and Menon 2006; 

Downar et al. 2000, 2001; 2002). As such, the aINS has been attributed a critical role in the facilitation of 

detection of bottom-up salient events (Mennon and Udin, 2010). Importantly, in the context of pain, 

activity in the salience network –which is largely overlapping with the pain matrix- is taken to reflect such 

general salience processing, rather than specific pain-related activity (Legrain 2011). Collectively, these 

findings establish the aINS as key integrative hub of the salience network implicated in the bottom-up 

detection of salient events including noxious stimuli. 
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            Craig, 2000 

Critchley et al., 2004 
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Figure 6. The role of the anterior insula in interoception. (A) (Left panel) activity in the posterior insula correlates most 

strongly with objective stimulus temperature, while activity in the anterior insula shows stronger correlations with 

corresponding subjective pain reports (Right panel). (B) Activity during a heartbeat-awareness task correlates with 

interoceptive sensitivity. [Figures adapted from Craig et al., 2002 (left) and Critchley et al., 2004 (right). 
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The role of the anterior insula in top-down salience processing 
 
In addition to its role in bottom-up salience processing, ample evidence indicates that the AI additionally 

processes predictive feeling states, consistent with a role in top-down salience processing (Singer et al., 

2009). For example, the aINS is commonly activated during pain anticipation (see Figure 7A) (Palermo et 

al., 2015), and anticipation of other aversive events (Sege et al., 2017). In the case of pain anticipation, 

the aINS frequently co-activates with the mACC and dorsolateral prefrontal cortex (dlPFC) (Palermo et 

al., 2015), and activity in these regions scales with the magnitude of expected pain (Koyama et al., 2005). 

It has been speculated that this pattern of activation represent the dlPFC (known to be able to generate 

representational knowledge; Arnsten, 2009) initiating a pain expectation, which then brings the aINS and 

aMCC, as part of the salience network, in a vigilant monitoring state to facilitate the detection of menacing 

events (Palermo et al., 2015).  

 
Importantly, anticipatory activity, especially in regions of the salience network, can powerfully bias pain 

perception. Specifically, it has been shown that positive and negative expectancy respectively reduce and 

increase aINS activity (Whiech, 2008; Sarinopoulos et al., 2010; Atlas et al., 2010), and that this activity 

predicts subsequent pain reports (Atlas et al., 2010; Whiech et al., 2010). For example, Atlas and 

colleagues showed that low and high pain expectations for identical moderate pain stimuli, respectively 

decreased and increased pain reports, which was mediated by activity in aINS and aMCC (during pain), 

indicating a role for these regions in the integration of top-down predictions for a subsequent decision 

about pain (Atlas et al., 2010). This notion received further support by Whiech and colleagues, who 

showed that the classification of near-threshold pain stimuli as painful or non-painful was biased by 

threat-related information and was predicted by pre-stimulus activity in aINS, while threat-related bias was 

associated with pre-stimulus functional connectivity between aINS and aMCC (see Figure 7B) (Whiech et 

al., 2010). These findings mimicked that of another report which found that pre-stimulus activity in aINS 

predicted subsequent pain (Ploner et al., 2010), and were interpreted as suggesting that the aINS, as a 

critical hub salience network hub, integrates information about the significance of a stimulus in the 

decision about pain (Whiech et al., 2010). More recently, studies implementing predictive coding 

frameworks, demonstrated that pre-stimulus activity in aINS is best explained by a combination of actual 

pain intensity and expected pain intensity, while activity in pINS only represented pain intensity (Fazeli 

and Büchel, 2018; Geuter et al., 2017). 

 

To summarize, a wealth of evidence across a variety of brain imaging studies and task domains indicates 

that the aINS (and aMCC) respond to the degree of subjective salience, whether cognitive, homeostatic 

or emotional (Mennon and Udin, 2010; Craig 2009; Craig 2002). Importantly, preliminary evidence 

indicates that mindfulness meditation impacts both bottom-up and top-down salience processing during 

the anticipation and reception of painful stimuli, as will be reviewed in the next section.  
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2.2 Neuroimaging studies on mindfulness-based pain regulation 

The field of contemplative neuroscience is still relatively nascent. As such, only a handful of neuroimaging 

studies on mindfulness-based pain regulation are available. These studies have provided mixed results, 

possibly due to a diversity of styles and expertise in mindfulness meditation. Nevertheless, some 

commonalities can be distinguished especially when considering studies investigating mindfulness-based 

pain regulation as a function of mindfulness expertise. Below, I will briefly review the current state of the 

field on the basis of which I will detail some of the aims and scope of the present work 

One of the first studies by Grant and Rainville compared a group of long term meditators practitioners in 

the Zen tradition (>1000 hours of practice) to meditation-naïve controls (Grant et al., 2011). They 

observed that experienced practitioners required significantly higher noxious stimulation to elicit moderate 

pain as compared to age-matched-controls (49.9 vs 47.9 °C). Compared to controls, long-term 

meditators, also reported reduced pain and exhibited a pattern of decoupling between primary pain 

processing regions (increased activity in insula, ACC, thalamus) and areas involved in executive, 

evaluative and emotive functions (decreased activity in prefrontal cortex, amygdala, hippocampus) (see 

Figure 1; lower panel). This pattern of decoupling (decreased dlPFC/ACC-connectivity) predicted higher 

pain tolerance in the Zen group. Additionally, experts but not novices showed dissociation between 

activity in the core pain matrix (insula, ACC) and subjective pain reports. Notably, this study involved no 

explicit meditation instruction, possibly indicating that experts’ extensive meditation experience had 

induced a trait change in their capacity to regulate pain. The study authors suggested that the Zen 

practitioners were able to decouple the sensory-discriminative dimensions of pain from the cognitive-

evaluative dimension allowing them to view painful stimuli more neutrally. The observed pattern of pain 

regulation in this study seemed markedly different from that of other known pain regulation strategies at 

the time (i.e. attentional distraction, placebo) that typically involve a decrease or no change in activity in 

Figure 7. The role of the anterior insula in pain anticipation. (Left panel) The results of an activation likelihood analysis 

across 19 functional neuroimaging studies on pain anticipation showed that the anterior insula and anterior cingulate cortex 

are among the regions most frequently activated during pain anticipation. (Right panel)  Pre-stimulus functional connectivity 

between the anterior insula and anterior midcingulate cortex predicts subsequent pain perception. The same study reported 

that pre-stimulus activity in the anterior insula predicts subsequent pain perception [figures adapted from Palermo et al., 

A B 
Palermo et al., 2014 Whiech et al., 2010 
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the core pain matrix and/or prefrontal regulation (Bushnell et al., 2013). A similar profile for mindfulness-

based pain regulation has since been observed multiple times (see below). 

 

A second study by Gard and colleagues examined the effect of a mindfulness instruction in experienced 

Vipassana practitioners (M = 5979; SD = 5114 hours of meditation practice) compared to meditation-

naïve controls. They reported that a mindful state (akin to OM) specifically reduced pain unpleasantness 

but not pain intensity compared to a baseline condition. This decrease in unpleasantness was associated 

with reduced activity in lateral prefrontal cortex and increased activity in right pINS during stimulation 

(Gard et al., 2012). The authors interpreted this finding as suggesting that a mindful state is associated 

with decreased cognitive control during pain regulation. Nevertheless, slightly at odds with this 

interpretation, is that the authors also investigated pain anticipation and observed that a mindful state 

increased activity in the rostral ACC (rACC), a region frequently implicated in cognitive control (Shackman 

et al., 2011). Zeidan and colleagues investigated the effect of a brief mindfulness intervention in which 

meditation-naïve controls where trained to sustain focused attention on the breath (akin to FA) during 4 

brief 20-minute sessions of formal meditation (Zeidan et al., 2011, 2015). Following the intervention, 

novices showed a marked reduction in pain intensity and unpleasantness ratings (potentially relating to 

the specific mindfulness technique employed, see section 1.8.2). The mindfulness instruction to focus 

attention on the breath during pain stimulation was associated with increased activity in insula and ACC 

(both compared to pre-intervention and rest) in novice meditators. However, in stark contrast to the earlier 

reviewed studies with expert meditators, novice meditators, showed clear reductions in activity in primary 

pain processing regions, including in SI and thalamus, but increased activity in regions implicated in 

appraisals and affect, including the orbitofrontal cortex (OFC); implicated in contextual evaluation (Rolls et 

al., 2008), and the rACC; implicated in the top-down regulation of negative affect and affective modulation 

of pain (Rainville, 2002) (see Figure 3; upper panel). The authors interpreted these findings as suggesting 

that mindfulness-based pain regulation recruits multiple neural mechanisms, which, at least in novices, 

includes descending pain inhibition (reduced activity sensory regions) and contextual reappraisal (OFC). 

However, given that this study employed a meditation instruction differed from that in other studies 

(investigating OM-styles of meditation, it remains an open question whether the observed results 

pertained to the FA-technique or the beginner level of expertise. Indeed, focusing attention on the breath 

during pain mimics attentional distraction, which has been linked to attentional gating mechanisms (Miron 

and Duncan 1989; Sprenger et al., 2012), as was observed in the studies by Zeidan and colleagues. 
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Finally, a study by Lutz and colleagues, of which the present work is a continuation, investigated the 

effect of OM mindfulness practice on the anticipation and appraisal of pain in experienced meditation 

practitioners in the Tibetan Buddhist tradition (mean 27,000 h, SD 12,500 hours of practice) as compared 

to controls (who had received written meditation instructions and practiced for 7 days at home). The 

experienced practitioners reported lower pain unpleasantness but not pain intensity as compared to 

controls while performing OM during pain stimulation. This pattern of pain reduction was associated with 

lower activity in left aINS and aMCC (i.e. the core nodes of the salience network) during pain, but 

decreased activity in these regions and the amygdala during pain anticipation (see Figure 2a-c); in line 

with another report of a meditation-related decrease in anticipatory brain activity using 

electroencephalography (EEG) (Brown et al., 2010) (but see Gard et al., 2012 reviewed above). For 

experts, reduced baseline activity in left aINS correlated with lifetime meditation experience. Furthermore, 

the pattern of low baseline activity coupled with high response in the aINS and aMCC during pain was 

associated with enhanced neural habituation in amygdala and pain-related regions before painful 

stimulation and in the pain-related regions during painful stimulation. Finally, similar to the study by Grant 

and colleagues (Grant et al., 2011), experts but not novices showed a dissociation between activity in the 

core pain matrix (aINS, aMCC) and subjective pain reports suggesting that the quality of attention to pain 

Figure 1. (Upper panel): Brief mindfulness training has been associated with higher mindfulness meditation-induced 

activation of the bilateral orbitofrontal cortex (OFC) and rostral anterior cingulate cortex (rACC), and with greater thalamic 

deactivation (Zeidan et al., 2011; 2015), (Lower panel): Extensive mindfulness training has been associated with significant 

decoupling, involving increased activity in primary pain processing regions including the thalamus and insula and reduced 

deactivation in brain structures processing appraisals and affect including the orbitofrontal cortex (OFC) and dosolateral 

prefrontal cortex (dlPFC) during noxious heat stimulation (Grant et al., 2011) [Figure and text adapted from Zeidan et al., 

2019].  

Zeidan et al., 2019 
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was different for experts. The authors interpreted these findings as suggesting that ‘cultivating 

experiential openness down-regulates anticipatory representation of aversive events, and increases the 

recruitment of attentional resources during pain, which is associated with faster neural habituation. A 

potential caveat of this study was that it did not involve an explicit manipulation of pain anticipation. That 

is, participants were not informed about the temperature of the upcoming stimulation (nonpainful warm or 

painful hot). As such participants were likely to anticipate to the same degree during warm and hot 

baseline periods as is suggested by the plots of the fMRI-time course (see Figure 2d), which could have 

affected the pain contrasts (hot-warm) especially since groups showed differential baseline activity. 

Explicitly manipulating pain anticipation as we did it the present work can control this issue. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To summarize, neuroimaging studies on mindfulness-based pain regulation in experienced meditation 

practitioners to date have yielded relatively consistent results, whereas studies investigating mindfulness-

based pain regulation in novice meditators have reported markedly different results, possibly the result of 

the specific FA-technique employed. The relative consistency across studies investigating mindfulness-

based pain regulation in experienced practitioners is remarkable as meditation traditions and the amount 

of meditation expertise examined differed considerably between studies. Two of the three studies with 

expert meditators associated mindfulness-based pain regulation to increased activity in sensory regions 

as well as with a simultaneous decrease in prefrontal regions (Grant et al., 2011; Gard et al., 2012). 

Figure 2. Mindfulness meditation is associated with altered anterior insula activation during anticipation and pain 

stimulation. (a) Meditation experts had greater activity in primary pain regions including the anterior insula and ACC during 

pain (orange clusters) and decreased activity in these regions during the anticipation period prior to pain (green clusters) 

(yellow clusters represent pain-related regions defined by the contrast hot-warm). (b) Experts differed more from novices 

in the posterior part of the pain-related regions than its sensory part during pain processing. The graph displays the 

response in sensory part of the pain-related regions, including posterior insula and secondary sensory cortex (labeled 

pI/S2), and in left aI and aMCC (regions in orange in panel a). (c). Experts had less anticipatory activity than novices in aI, 

aMCC but not in pI/S2. d. Average fMRI-time course in pI/S2 and in left aI (baseline set to 0 at the onset of a1 for display 

purpose) [Figure and text adapted from Lutz et al., 2013].  

Lutz et al, 2013
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However, the most consistent finding across these studies (including the studies on novices by Zeidan et 

al), is that mindfulness meditation is associated with increased activity in the aINS and aMCC, two core 

nodes of the salience network during pain (Grant et al., 2011; Gard et al., 2012; Zeidan et al., 2011, 2015; 

Lutz et al., 2013). Unlike as is typical, activity in these regions did not correlate with subjective pain 

reports for experienced practitioners (as opposed to novices) in two of the studies (Grant et al., 2011; 

Lutz et al., 2013). In addition to this more increased response in regions of the salience network during 

pain, one of the studies found that mindfulness meditation is associated with decreased activity in regions 

of the salience network (AI, ACC) during pain anticipation, with one other study linking mindfulness-based 

meditation to decrease anticipatory brain activity (Brown et al., 2010; but see Gard et al., 2012).  

Collectively, the above studies suggest that the chronometry of the aINS is a sensitive marker of present-

centeredness (increased activation during pain) vs mental projection in the future (increased activation 

during pain anticipation. This, pattern may be explained by taking into account the dual function of the 

aINS, in processing both current feeling states (i.e. increased attention to bottom-up salient stimuli at pain 

onset) and predictive feeling states (i.e. decreased top-down salience) during pain anticipation. 

Furthermore, if increased aINS activity with meditation during early pain indeed reflects increased 

attention to bottom-up salience, then one could expect that aINS activity during the late phase of tonic-like 

pain stimuli would be more reflective of top-down factors such as pain rumination and aversion to pain, as 

bottom-up salience processing is usually limited to unexpected or novel events (Corbetta et al., 2008, 

Corbetta and Shulman, 2002). Studies suggest that aINS responds with sustained salience to pain 

(Downar et al, 2003). However, it is unclear whether this response can be modulated by contextual 

factors, although preliminary evidence indicates that this might indeed be the case. Specifically, Wager 

and colleagues examined the effect of a placebo manipulation on the temporal processing of pain, and 

found that the expectation of lower pain was associated with a faster recovery of aINS-activity to baseline 

during the late phase of pain stimulation (Wager et al, 2004). To our knowledge, no studies to date have 

examined the impact of mindfulness meditation on this process.  

 

Finally, given that mindfulness meditation and pain catastrophizing can be construed as opposite 

processes (see section 1.8.3), we aimed to additionally examine the impact of pain catastrophizing on the 

chronometry of the AI.  

 

2.3 Summary and aims 

In this chapter I described how nociception gives rise to a conscious pain percept in the brain. I 

particularly zoomed in on the role of the aINS, as part of the salience network, in both bottom-up and top-

down salience processing during the reception and anticipation of painful stimuli respectively. I reviewed 

studies on mindfulness-based pain regulation to show that preliminary evidence suggests that 

mindfulness meditation is associated with altered anterior insula activation during the anticipation 
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(decreased activity) and experience (increased activity) of painful stimuli. These findings suggest that the 

chronometry of the aINS is a sensitive marker of present-centeredness (increased activation during pain) 

vs mental projection in the future (increased activation during pain anticipation. One of the aims of the 

present work was to examine this hypothesis, and to explore its relation to mindfulness meditation, pain 

catastrophizing and sensory-affective uncoupling of pain.  
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Aims and hypotheses 

3.1 General aims and hypotheses 

The general aim of the present thesis was to study the cognitive and neuronal mechanisms underlying 

the pain-regulatory qualities of mindfulness meditation. Our core hypothesis was that the specific meta-

cognitive stance, labeled cognitive defusion (which includes the subprocesses of meta-awareness and 

dereification important for monitoring and control of the mind), underlies sensory-affective uncoupling of 

pain in meditation, by opposing pain catastrophizing-related processes (see Figure 1).  

Mindfulness practices aim to deliberately cultivate meta-awareness and dereification thus promoting 

cognitive defusion. Accordingly, we expected that the degree of sensory-affective of pain would be a 

function of a mindfulness instruction (state) and expertise (trait) (see Figure 2). More specifically, we 

expected that experts would be higher in trait cognitive defusion (and lower in pain catastrophizing) as 

compared to novices, resulting in higher trait sensory-affective uncoupling of pain. In addition to this trait 

effect, we expected that an OM instruction would induce a state increase in cognitive defusion as 

compared to a distraction control condition (where meta-awareness and dereification and thus cognitive 

defusion would be allocated away from pain, leaving pain catastrophizing-related processes relatively 

unchecked). Furthermore, we expected this state effect to be larger for experts compared to novices due 

to their expertise in OM (in the form of OP). Note that while we focused on the role of cognitive defusion 

in these predictions, we expected cognitive defusion and pain catastrophizing to be antithetical processes 

exhibiting an inverse relationship to each other and sensory-affective uncoupling of pain, making it 

possible to substitute cognitive defusion on the x-axis of Figure 2 by pain catastrophizing with an opposite 

sign. 

In study 1, we tested the above predictions on the modulatory effects on meditation state and expertise 

on sensory-affective uncoupling of subjective pain experience. We also tested the predictions that trait 

pain catastrophizing would be lower for experts compared to novices and that trait pain catastrophizing 

would negatively predict the degree of sensory-affective uncoupling of pain experience. 

In study 2, we tested the prediction that trait cognitive defusion would be inversely correlated to trait 

cognitive defusion and examined the respective relationship of both constructs to sensory-affective 

uncoupling of pain experience, while also phenomenally exploring cognitive defusion. 

In study 3, we tested the above predictions on the modulatory effects of meditation state and expertise on 

putative neuronal markers of sensory-affective uncoupling of pain (i.e. the chronometry of the anterior 

 



                                                      
 

58 
 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 1. Schematic illustration of the core hypothesis. Shown is a typical pain response that involves a noxious stimulus and 
accompanying cognitive-affective appraisals. Pain catastrophizing is an exaggerated mental set that builds on implicit 
reactivity and feeds back to amplify cognitive-affective pain processing, thereby strengthening sensory-affective coupling of 
pain. Conversely, mindfulness practice aims  to deliberately cultivate cognitive defusion (which includes the subprocesses of 
meta-awareness and dereification) involving a detached observation of the contents of experience, allowing distressing 
thoughts/feelings to be seen as mere mental events instead of as accurate reflections of reality that need to be reacted 
upon. This may reduce secondary elaborative processing and result in sensory-affective uncoupling of pain. 

Figure 2. Schematic illustration of some of the general hypotheses. Expected relationships of both task conditions (OM, 
Dist) and meditation expertise (Expert, Novice) to cognitive defusion (x-axis) and sensory-affective uncoupling of pain (y-
axis). Note that it is possible to substitute cognitive defusion on the x-axis by pain catastrophizing with an opposite sign. Dist: 
Distraction, OM: Open Monitoring, OP: Open Presence. 
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3.2 Hypotheses for Study 1 

In Study 1 we aimed to replicate previous results on sensory-affective uncoupling of pain experience 

during OM in experienced meditators (experts) (Perlman et al., 2010). We also aimed to extend and 

further substantiate these findings by: 1) examining whether novices who underwent formal meditation 

training would show a pattern of sensory-affective uncoupling of pain experience during OM similar to 

what has been observed before in experts (Perlman et al., 2010), 2) implementing long painful stimuli 

which have been suggested to better mimic chronic pain states (Racine et al., 2012), and 3) examining 

the role of trait pain catastrophizing in sensory-affective uncoupling of pain experience in the context of 

mindfulness meditation.  

We expected that long painful stimuli in particular would exacerbate pain catastrophizing-related 

processes, which would be counteracted by meditation state and expertise. In line with the cognitive 

attitude cultivated by mindfulness meditation, we expected this regulation to be mainly reflected in a 

reduction in pain unpleasantness as opposed to pain intensity. Our specific hypotheses were the 

following:  

• Experts would rate painful stimuli as overall less unpleasant but equally intense compared to 

novices (trait effect).  

• A mindfulness instruction would reduce pain unpleasantness but not pain intensity compared to 

attentional distraction (state effect); and to a larger degree for long compared to short painful stimuli and 

for experts compared to novices (interaction effect).  

• Experts would be more resilient to pain amplification by long painful stimuli than novices as 

reflected in a lower increase in pain unpleasantness but not pain intensity between short and long painful 

stimuli and larger sensory-affective uncoupling for long painful stimuli in particular (trait effect).  

• Experts would be lower in trait pain catastrophizing compared to novices which would be able to 

explain the above two effects related to pain amplification. 
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3.3 Hypotheses for Study 2 

The overarching aim of Study 2 was to investigate the role of cognitive defusion in mindfulness-based 

pain regulation. A first aim was to examine interrelations between cognitive defusion and pain 

catastrophizing while controlling for variance shared with several other mindfulness-related and more 

general cognitive-emotional constructs. A second aim was to investigate the respective relationship of 

cognitive defusion and pain catastrophizing to pain experience.  

• Given the strong theoretical foundation for cognitive (de)fusion as a primary construct at the root 

of pain catastrophizing, cognitive defusion would be specifically and uniquely correlated to pain 

catastrophizing, even when controlling for variance shared with other mindfulness-related and more 

general cognitive-emotional constructs such as anxiety, worry and depression. 

• Cognitive defusion and pain catastrophizing would both primarily predict pain unpleasantness as 

opposed to pain intensity, but in opposite direction: negatively and positively respectively.  

       Parts of this study were more explorative and involved no specific hypotheses including: 

• An examination of the respective relationship of cognitive defusion and pain catastrophizing to 

pain self-reports (i.e. the unique predictive value of both constructs with regard to pain reports while 

controlling for shared variance). 
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3.4 Hypotheses for study 3 

In Study 3, we aimed to replicate previous findings of experts showing decreased aINS activation during 

pain anticipation but increased activation during pain as compared to novices during OM, which was 

associated with a specific reduction in pain unpleasantness as opposed to in pain intensity (Lutz et al., 

2013). This, pattern displayed by experts could be explained by taking into account the dual function of 

aINS, in the processing of both current feeling states (i.e. increased attention to bottom-up salient stimuli 

at pain onset reflecting interoception) and predictive feeling states (i.e. decreased top-down salience 

during pain anticipation reflecting decreased anxious anticipation) (Singer et al., 2009). If increased aINS 

activity for experts during early pain indeed reflects increased attention to bottom-up salience, then one 

would expect that anterior insula activity during the late phase of tonic-like pain stimuli would be more 

reflective of top-down factors such as pain rumination and aversion to pain, as bottom-up salience 

processing is usually limited to unexpected or novel events (Corbetta et al., 2008, Corbetta and Shulman, 

2002). 

Based on the above considerations, our general hypothesis was that the chronometry of the anterior 

insula is a sensitive marker of present-centeredness vs top-down conceptual processing. One of the aims 

of the present work was to examine this hypothesis, and to explore its relation to mindfulness meditation, 

pain catastrophizing and sensory-affective uncoupling of pain. 

Specifically, we hypothesized that: 

• During pain anticipation, a mindfulness state and expertise would be associated with lower aINS 

and amygdala activation (including the interaction effect). 

• During early pain, a mindfulness state and expertise would be associated with increased aINS 

activation (including the interaction effect).  

• During late pain, a mindfulness state and expertise would be associated with decreased aINS 

activation (including the interaction effect). 

• We additionally aimed to explore the hypothesis that decreased aINS activity during pain 

anticipation and during late pain could be linked to lower pain catastrophizing scores and increased 

sensory-affective uncoupling of pain (taking into account the balance between sensory (pINS/S2) and 

affective systems (aINS) during late pain).  
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General methods  

Data in the present work are presented in the form of three different studies that all centered on the same 

pain paradigm which included an OM and Distraction condition. This experiment itself was part of a 

broader project that investigated the impact of mindfulness meditation on experiential, cognitive and 

affective processes in novice and expert meditators through several experimental paradigms. The three 

studies differed in measurements studied and subjects included. Specifically, in Study 1, we performed a 

detailed analysis of pain self-reports in relation to trait pain catastrophizing. Hence, we included all eligible 

subjects that participated to the pain paradigm. In Study 2, the main focus was on investigating 

interrelations between trait cognitive defusion and pain catastrophizing. Hence, to increase power for this 

analysis, we included novices and experts that participated to the broader protocol but were excluded for 

the pain paradigm. Finally, Study 3 contained the sample as Study 1, except for subjects excluded due to 

MRI-related exclusion criteria (see Figure 1 for a schematic overview of methods implemented in each 

study).  

This chapter is a general overview of some of the methods implemented in the present work. Specifically, 

I provide information on: 1) the selection and inclusion procedure for expert meditators, 2) the meditation 

training protocol for novice meditators, 3) the experimental paradigm including task conditions, 4) the 

main questionnaires implemented in the presented work, 5) the fMRI-method. Specific information on the 

data-preprocessing and analyses methods are provided in the methods sections of each of the studies. 

Further information on inclusion procedures, paradigms and measurements of the larger protocol of which 

this work was part are provided in Annex I of this manuscript (“Brain & Mindfulness Project Manual”, 

available online at: https://osf.io/dbwch/) 

                  Study 1                 Study 2                      Study 3 

Paradigm                                              Pain paradigm conducted in an fMRI-scanner  

Conditions                                                                     OM, Distraction 

 Subjects       35 novices; 26 experts     43 novices; 27 experts           30 novices; 25 experts 

Measures self-reports, questionnaires         self-reports, questionnaires MRI, self-reports, questionnaires 

 

Figure 1. Overview of the studies included in the present work. All studies centered on the same pain paradigm 

conducted in an fMRI-scanner and included an OM and Distraction condition. Further information is provided on 

subjects and measurements included in each study.  
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4.1 Expert practitioners  

In the past meditation studies have included mixed samples with meditators from different traditions and 

with widely varying practice experience; complicating the attribution of effects to specific practice styles 

and/or levels of expertise, as well as study replication (Davidson and Kaszniak, 2015). The present work 

aimed to avoid this pitfall by the inclusion of a qualitatively high and uniform group of expert practitioners, 

which we intended to achieve through the implementation of a rigorous selection procedure detailed here.  

For the present work, we recruited long-term meditation practitioners within French and European Tibetan 

Buddhist communities that were trained in either the Nyingma school (Mahamudra) or the Karma Kagyu 

(Dzogchen) school or both. Importantly, these meditators belonged to the same meditation traditions as 

those in an earlier study that we wished to replicate (Perlman et al., 2010). 

Eligible experts needed to have:  

- a minimum of 10 000 hours of meditation practice  

- followed at least one traditional 3 year meditation retreat  

- sustained a daily practice of a minimum of 45 minutes over the past year 

To ensure that all experts matched these criteria, experts were contacted by one our team members who 

herself was an experienced practitioner in the meditation traditions under study. In this contact moment, it 

was also verified that experts were sufficiently familiar with the practice of OP and had the right motivation 

to participate. Experts’ meditation experience was estimated based on detailed information on lifetime 

meditation retreats and (daily) practice acquired during this interview. The sample of experts included in 

Study 1 had an average lifetime meditation experience of 41357 hours (± 17999 SD; range: 13110-

94535) (see Annex I for more detailed information regarding the selection procedure).   

4.2 Novice meditation training protocol  

A critical effort of the Brain & Mindfulness project was to refine the matching between the control group 

and expert practitioners. This was done primarily by training novices in different styles of meditation 

practice and by familiarizing them to different phenomenological dimensions of interest. Here I highlight 

only the main features of this novel training protocol that we exhaustively described in a separate 

publication (Abdoun et al., 2018; see Annex II including further information on the rationale, day program, 

practice metrics, as well as a verification of the claim that the experiential exercises helped novices to 

more accurately report on their meditation experience).  
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At the heart of the novice training protocol was a two-day meditation weekend that was designed to equip 

formerly meditation-naïve participants with a theoretical background and experiential knowledge of 

meditation that enabled them to share their experience with the experimenters. This was of crucial 

importance to the neurophenomenological approach implemented in the present work as it relied on the 

capacity for novices to reliably report on their experience, which involved having an adequate 

understanding of some of the probed phenomenological dimensions. Practically, this involved that, during 

the training, participants were introduced to various styles of meditation practices and acquainted with 

phenomenological categories through various experiential exercises that will be further described below.  

4.2.1 Meditation practice 

The training protocol was based on Joy of Living (Rinpoche & Swanson 2007; Tergar 2018), a secular 

meditation program aimed at Western audiences authored by Yongey Mingyur Rinpoche, a renowned 

master of Karma Kagyü and Nyingma schools of Tibetan Buddhism. This program was selected for its 

shared background with experts’ training. The training was provided by a qualified instructor with thirteen 

years of practice under the guidance of Mingyur Rinpoche, and eight years of teaching experience with 

the Joy of Living program. The training included teachings with the support of instruction videos, guided 

meditations and experiential exercises, question and answer sessions, as well as sufficient time to reflect 

and share within the group. Introduced meditation styles included FA and OM (and compassion). After the 

meditation weekend, novices were invited to carry on their meditation practice for a minimum of 20 

minutes a day, equally balancing between the different practices, and keeping track of their practice with 

a logbook, until they had finished all experiments in the larger protocol, As this required substantial 

motivation, novices were recruited for their interest to learn and their willingness to sustain a regular 

meditation practice for several months (see Annex I for detailed information on other inclusion 

procedures). 

4.2.2 Experiential exercises  

Throughout the training weekend, subjects were prompted to familiarize themselves with the dimensions 

of subjective experience of interest to the neuroscientific experiments. This familiarization was carried out 

through various experiential exercises; either in the context of guided meditation session and teachings or 

during specific exercises aimed at familiarizing subjects with a given phenomenological dimension. 

Exercises of particular relevance to the present work involved switching between Focused Attention on, 

and Open Monitoring of, pain, and experiential exercises on the phenomenological dimensions of 

Absorption and Meditative awareness and Openness. At the end of the weekend, novices received a 
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document that briefly described each phenomenological dimension and reminded them of how it was 

introduced by corresponding exercises during the weekend. 

4.3 Experimental paradigm  

To test the hypotheses presented in this work, we designed a novel fMRI-scanner acute pain paradigm 

specifically devised to amplify the cognitive-affective aspects of pain experience. Specifically, we 

implemented periods of pain anticipation and long tonic-like pain stimuli which have been suggested to 

better mimic chronic pain states (Racine et al., 2012). We additionally implemented shorter pain stimuli 

with the purpose of introducing uncertainty (about whether the stimulation would be short or long), as well 

as contextual relief (i.e. being informed that stimulation will end soon instead of lasting much longer), and 

potentially further distress (i.e. being informed that a stimulation will last much longer instead of ending 

soon). Finally, we collected, self-reports of pain intensity, unpleasantness and relief after stimulations. 

Each of these aspects of the experimental paradigm and their underlying rationales will be further 

discussed below. However, I will first provide a brief general description of the experimental design.  

4.3.1 Brief description of experimental paradigm 

The experimental design is presented in Figure 1. A fixation cross was displayed on the screen when no 

other visual stimuli were presented. Each trial started with a 5-8 sec introductory period. A 2 sec 

predictive cue then indicated whether the upcoming stimulation would be warm or hot and was followed 

by a 5 to 8 sec anticipatory period. A thermal stimulation was then delivered which was either hot, at the 

participant’s painful temperature, or warm, at a non-painful temperature 6 degrees cooler. 3 to 6 sec after 

stimulus onset, a second cue indicated whether the stimulation would be short (8 sec, relief) or long (16 

sec, non-relief). Warm stimuli were always long (16 sec) and served as a baseline control condition for 

the MRI. Five to eight seconds after the thermal stimulation ended, two rating scales were presented for 5 

sec each (see rating scale section below). After 1 sec the next trial started. Baseline temperature for the 

thermode was 32°C. Ramp-up and ramp-down periods were 1.5 sec for the warm and 2.5 sec for hot 

stimuli. Temperature of the long hot stimuli dropped slightly by 1 ° C (0.5 ° C/sec) after 2 sec of 

stimulation (not depicted) as initial pilot sessions revealed they would otherwise be unbearable. Subjects 

received a total of 60 thermal stimuli; 20 short hot (SH), 20 long hot (LH) and 20 long warm (LW), applied 

to the palmar side of the left wrist. All thermal stimuli were delivered during one experimental session 

consisting of six blocks of ten trials each. Subjects rested 1.5 minute between the blocks. Each block was 

further subdivided into two subblocks, one for each state condition, in randomized order: Open Monitoring 

(OM) or a control addition task (Distraction). Each trial type (SH, LH, LW) was set to occur at least once 

during each subblock. Each subblock started with a 20 s auditory and visual state induction during which 
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participants received instructions for the experimental condition. For OM, participants were instructed to 

keep an open and accepting awareness (see methodsS1 for full instructions). Experts specifically were 

also told that the OM instructions referred to the practice of OP. For Distraction, subjects were instructed 

to mentally add simple single-digit numbers (1-3) that were presented on the center of the screen 

(replacing the fixation cross) from the start of each trial until rating scales were shown (see Fig. 1). 

Numbers were presented for 1 sec with a variable interval of 3, 4 or 5 sec between numbers. Subjects 

were asked to maintain a tight focus on the screen in order not to miss any numbers, while blocking all 

pain-related sensations, emotions and thoughts. In order to minimize visual differences between task 

conditions, numbers were also presented on the screen during OM. However, subjects were instructed to 

abstain from mental addition, but to nonetheless keep their gaze fixed at the screen at all times, in a 

relaxed manner, in order to not miss any visual cues. Prior to the experiment, participants were 

familiarized with the task and performed one full block of trials using non-painful stimuli only. 

 

 

 

 

 

 

 

Figure 1. Schematic illustration of the experimental paradigm. Each trial started with a 5-8 sec introductory period. A 2 sec 
predictive cue then indicated the temperature of the upcoming stimulation (warm or hot) and was followed by a 5-8 sec 
anticipatory period. A thermal stimulation was then delivered that was either short (8 sec) or long (16 sec). After 3-6 sec of 
thermal stimulation, a second visual cue informed subjects about the duration of the stimulation. Non-painful warm stimuli 
were always long and served as baseline control for the fMRI. Following stimulus offset, a 5-8 sec rest period preceded the 
presentation of two rating scales (5 sec each). Rating scales probed pain intensity, unpleasantness, relief and task 
performance. During each trial, a single-digit number (1-3) was presented every 2 sec from the start of the trial until rating 
scales were shown (see black horizontal bars). Subjects randomly alternated between two task conditions: Distraction, 
involving the mental addition of the numbers and the blocking of all pain experience; or OM involving the cultivation of an 
open attitude to pain (and no mental addition). Subjects received a total of 60 thermal stimuli: 20 short hot (SH), 20 long 
hot (LH) and 20 long warm (LW) equally distributed across the two task conditions. ITI: intertrial interval. 
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4.3.2 Motivation of design choices 

The employed experimental design built on a previous fMRI-paradigm (Lutz et al., 2013), but incorporated 

a number of important adaptations. In contrast to the referred study, the paradigm employed in the 

present work was designed to separate the brain’s response to pain from its anticipation of pain through 

the implementation of veridical visual cues about the temperature of the upcoming stimulation (nonpainful 

warm or painful hot) and the implementation of temporal jitters to reduce collinearity of regressors in the 

fMRI-based general linear models (following Ploghaus et al., 1999 and Wager et al., 2004).  

The design also implemented a contextual relief manipulation, which was inspired by previous work (see 

Leknes et al., 2012), and was designed to study reward-related activity. Specifically, at the beginning of 

painful stimuli, participants did not know whether painful stimuli would be short (8s) or long (16s), which 

was only signaled a couple of seconds (3-6s) into the stimulation with a second visual cue, which let the 

participants know whether the stimulation would be short (end thus end soon) or long (and continue 

considerably longer). The idea was that this would provide a contrast for contextual relief (impending 

relief vs non-relief during painful stimuli).This aspect of the design and associated relief ratings (see 

below) have not been analyzed for the present work. However, our specific manner of implementing 

contextual relief (i.e. contrasting short and long pain stimuli), had the additional advantage that long 

stimuli could be used to study hypotheses on the cognitive and neuronal mechanisms underlying the 

counteracting effect of meditation on pain catastrophizing-related processes, which we expected to occur 

most prominently during tonic-like pain stimuli. 

Another design choice related to the warm nonpainful stimuli. These were implemented as a baseline 

control for the MRI. Ideally, we had wanted to implement both short and long nonpainful warm stimuli. 

However, doing so would have made total scan time for the pain paradigm well over an hour (90 minutes) 

which we found undesirable in terms of subject load pertaining to pain stimulations (and in terms of total 

scan time taking into account other acquired scans). Hence, our choice of only implementing long 

nonpainful warm stimuli.  

A final design choice that deserves mention related to the temperature of long painful stimuli. Long painful 

stimuli started at participants’ pre-calibrated temperature evoking moderate pain (see section on 

calibration procedures below). However, initial pilot sessions revealed that for long pain stimuli 

specifically, maintaining this temperature for the entire 16s duration led to unsupportable pain. Hence, it 

was decided to drop the temperature of long hot stimuli slightly by 1 ° C (0.5 ° C/sec) after 2 sec of 

stimulation (not depicted in figure 1). This adjustment reflects the best compromise we empirically found 

to use a long painful stimulation in this design without distressing or hurting participants. This choice 

posed a potential limitation for the interpretation of the chronometry of the fMRI analyses, but we did not 

think it poses a limitation for Study 1 and 2 on self-reports as our main hypotheses were based on state 
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and group effects and there is no reason to believe the temperature drop would interact with these 

factors.  

4.3.3 Rating scales 

After each trial, two different rating scales were presented in randomized order. We collected ratings of 

pain intensity, unpleasantness and relief using 1-9 item Likert scales (see table below for the frequency of 

presentation). We further checked task performance by regularly asking the total sum of the addition task 

in the Distraction condition, or, in case of OM, to what degree participants were able to follow meditation 

instructions. The specific questions are provided below. 

Different self-report questions: 

‘Intensity: How hot was the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely hot 

‘Unpleasantness: How much did the stimulation bother you?’   

Labels: 1 = Not at all, 9: Extremely 

‘Relief’: How relieved where you by the end of the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely 

‘Meditation Instruction’: To what degree where you able to follow the instruction?’ 

Presentation frequency: 

OM condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 
4 x Intensity 4 x Intensity 4 x Intensity 

4 x Meditation 4 x Meditation 4 x Meditation 
Distraction condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 

6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 
6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 
4 x Addition 4 x Addition 4 x Addition 
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4.3.4 Pain calibration procedure 

Painful stimuli were provided by a TSA 2001-II thermal stimulator (Medoc Advanced Medical Systems, 

Haifa, Israel) with a 30 mm × 30 mm flat thermode applied to the palmar side of the left wrist. All 

participants underwent a calibration procedure for stimulus temperature. Using the method of limits 

(Fruhstorfer et al., 1976), the temperature was increased from 32° C to 50° C maximum at 0.7 C° C/sec. 

Participants were instructed to indicate with a button press when the pain level reached a 7 on a scale of 

0 (“no pain”) – 10 (“the worst pain imaginable’’). At button press, temperature returned to the 32° C 

baseline at maximum rate. The temperature remained at baseline for 5 sec before rising again. Subjects 

received 10 stimulations. The average temperature over the last five trials was used as an indication of 

that participant’s pain sensitivity  (except when 50° C was reached at three consecutive trials in which 

case the procedure was stopped and pain  sensitivity set at 50° C; 3 novices, 2 experts). A second, finer 

calibration procedure was performed on the day of the experiment to determine the optimal temperature 

for a 16 sec long heat stimulation that would be used during the experiment itself. This calibration started 

with the temperature that best matched the participant’s previously determined pain sensitivity, but was 

confined to a limited range of four possible temperatures: 47.0, 47.5, 48.0, and 48.5° C. Subjects received 

the best matching temperature for 16 sec, after which they were asked to rate their pain using the same 

scale as before. If rating was at 7, temperature was kept at that level; else the temperature was adapted 

until the targeted pain level of 7 was reached. Note that we only included novices with an initial pain 

sensitivity above 47 ° C (see also the Brain & Mindfulness Project Manual; Annex I). This choice was 

motivated by the existing literature on meditation expertise. Specifically, our group and others have 

previously found that expert meditators usually have a higher pain threshold (Grant et al., 2011; Lutz et 

al., 2013). This issue is particularly relevant for the interpretation of group differences in brain imaging 

data. For instance, Grant et al., 2011 had difficulty interpreting fMRI group differences because novice 

and expert groups had very different stimulus temperatures.  

4.4 Psychometric scales 

Across studies in the present work, we implemented two main questionnaires of central relevance to our 

hypotheses: the Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995), and the Drexel Defusion Scale 

(DDS) (Forman et al., 2012). We also implemented several control questionnaires (see Study 2), 

including the Five Facet Mindfulness Questionnaire (FFMQ) as main control in light of its widespread use 

in the mindfulness literature (see section 1.8.3). Given the importance of these three questionnaires to the 

present work, I will here discuss them in greater detail.  
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4.4.1 Pain Catastrophizing Scale (PCS) 

The PCS is the standard reference psychometric tool for the assessment of pain catastrophizing 

(Quartana et al., 2009). This 13-item questionnaire asks respondents to reflect on past painful feelings 

and to indicate to what degree they experienced each of 13 negative pain-related thoughts or feelings on 

a 5-point Likert-scale from 0 (not at all) to 4 (all the time). The item structure of the PCS is based on 

previous experimental and clinical work identifying different components of pain catastrophizing (Spanos 

et al., 1979; Chaves and Brown, 1987; Rosenstiel and Keefe, 1983). Consistent with this work, factor 

analyses of the PCS have shown that catastrophizing is a multidimensional construct comprising 

elements of rumination (“I can’t stop thinking about how much it hurts”), magnification (“I worry that 

something serious may happen”), and helplessness (“There is nothing I can do to reduce the intensity of 

the pain”) (Sullivan, 1995). The factor structure of the PCS has subsequently been replicated in several 

studies (Osman et al., 1997, 2000; Sullivan et al., 1995, 2000; Van Damme et al., 2002). 

Correspondingly, the PCS comprises three subscales of rumination, magnification and helplessness that 

are most frequently combined to yield an overall catastrophizing score (Sullivan et al., 1995). Higher 

scores reflect higher levels of pain catastrophizing and a total PCS score above 30 has been shown to 

reflect clinically relevant levels of catastrophizing (Sullivan et al., 1995). The PCS has been found to show 

excellent internal consistency (a = 0.93), concurrent and discriminant validity (Osman et al., 1997), and 

good test-retest reliability over a 6-week period (r = 0.75) (Sullivan et al., 1995).    

4.4.2 Drexel Defusion Scale (DDS) 

The DDS is a relatively recently developed questionnaire that measures one’s ability to gain 

psychological distance from psychological experiences including thoughts, feelings and sensations, 

seeing them as mere mental events rather than as truth-based reflections of reality. The DDS is a 10-item 

questionnaire that starts with an extensive explanation of the concept of defusion that is intended to help 

respondent’s understand the relatively complex construct. Subsequently, participants are asked to 

indicate the degree to which they would be able to defuse from hypothetical situations, including from: 

negative thoughts and feelings, physical pain and bodily urges (e.g. “To what extent would you normally 

be able to defuse from” : “negative thoughts about yourself” / “feelings of anger” / “physical pain” / 

“cravings for food?”) (respectively), indicating their responses on a 6-point Likert scale ranging from “Not 

at all” (0) to “Very much” (5). Higher scores indicate higher ability to defuse from inner experiences. The 

DDS is relatively unique in that in not only measures one’s ability to gain distance from thoughts but also 

from other internal experiences (in contrast to other similar measures, e.g. CFQ; Gillanders et al., 2014). 

Furthermore, it has been assessed that the DDS items reflect meta-awareness and dereification 

(disidentification) from internal experiences, matching our aim to investigate these two cognitive 

processes. The DDS showed good internal consistency (a = 0.83), and high convergent and divergent 

validity (Forman et al., 2012). 
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4.4.3 Five Facet Mindfulness Questionnaire (FFMQ) 

The FFMQ measures five purported mindfulness dimensions including: Observing (noticing or attending 

to internal and external experiences), Describing (labeling internal experiences with words), Acting with 

awareness (attending to present moment experience), Non-Judging (adopting a non-evaluative stance 

towards thoughts and feelings) and Non-Reacting (allowing thoughts and feelings to pass, without getting 

caught up in them). The FFMQ is a 39-item questionnaire and participants are asked to rate to what 

degree they experience these dimensions in their daily life on a 5-point Likert-type scale ranging from 1 

(never or very rarely true) to 5 (very often or always true). Scores are calculated separately for the 

subscales, with higher scores reflecting higher levels of mindfulness. The five different facets have been 

found to demonstrate adequate to good internal consistency, with alpha coefficients ranging from .75 to 

.91 (Baer et al., 2006). The FFMQ is one of the most popular mindfulness measures, especially in the 

clinical domain. However, the FFMQ has also received strong criticism (see Grossman, 2011: van Dam et 

al., 2012). First, the FFMQ, like many similar mindfulness measures, suffers from method effects, related 

to positive and negative wording of response items (van Dam et al. 2012). Specifically differences in 

endorsement of negative and positive items have been observed that are suggestive of greater 

susceptibility to method effects in non-meditators compared to meditators (e.g., Baer et al., 2011; Van 

Dam et al., 2009), thus introducing systemic variance irrelevant to the construct under study. Further 

criticisms include a lack of specificity. The FFMQ, like similar mindfulness measures, poses relatively 

general questions (e.g. “When I do things, my mind wanders off and I’m easily distracted.” Or “I tell myself 

I shouldn’t be feeling the way I’m feeling.”), instead of taxing precise psychological characteristics or 

processes. Related, are doubts about its construct validity (whether the construct is measuring what it 

purports to measure, namely mindfulness, a complex and multifaceted hard to define process) (see 

section 1.2), among other criticisms (see Grossman, 2011). 
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Abstract  

Background: Mindfulness meditation can alleviate acute and chronic pain while pain catastrophizing can 

exacerbate them. The interrelations between mindfulness meditation and pain catastrophizing during 

acute pain remain little known. It has been proposed that mindfulness meditation reduces pain by 

uncoupling sensory and affective pain dimensions. However, studies to date have reported mixed results, 

possibly due to a diversity of styles of and expertise in mindfulness meditation. The current study aimed 

to test for a positive (resp. negative) impact of mindfulness meditation (resp. pain catastrophizing) on 

sensory-affective uncoupling as a function of meditation expertise. Methods: This cross-sectional study 

investigated the effect of a style of mindfulness meditation called Open Monitoring on sensory and 

affective pain experience by comparing novice (2-day formal training; average ~20h home practice) to 

expert practitioners (>10.000h practice). We implemented a paradigm that was designed to amplify the 

cognitive-affective aspects of pain experience by the manipulation of pain anticipation and uncertainty of 

stimulus length (8s or 16s thermal pain stimuli). We collected pain intensity and unpleasantness ratings 

and assessed trait pain catastrophizing with the Pain Catastrophizing Scale (PCS). Results: Across 

groups, mindfulness meditation reduced unpleasantness but not intensity ratings compared to attentional 

distraction. Experts reported a lower score on PCS, reduced amplification of unpleasantness by long 

painful stimuli, and larger sensory-affective uncoupling than novices particularly during long painful 

stimuli. In experts, meditation-induced uncoupling spilled over the control condition. Across groups and 

task conditions, a higher score on PCS predicted lower sensory-affective uncoupling during long painful 

stimuli and higher ratings of pain intensity during short painful stimuli. Conclusion: These findings 

suggest that OM, a style of mindfulness meditation, specifically down-regulates pain affect as opposed to 

pain intensity, and that pain catastrophizing undermines sensory-affective uncoupling of pain. 

Significance: In this study, we found that a style of mindfulness meditation referred to as Open 

Monitoring reduced unpleasantness but not intensity ratings compared to attentional distraction in trained 

novice (state effect) and expert meditators (state and trait effects). We also observed that trait pain 
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catastrophizing scores predicted this sensory-affective uncoupling. These findings advance our 

understanding of the cognitive mechanisms underlying mindfulness meditation and can inform treatment 

strategies for chronic pain. 

Keywords: Mindfulness meditation, pain catastrophizing, sensory intensity, pain affect, thermal pain. 

1. Introduction 

Pain includes partly dissociable sensory and affective-motivational components. Sensory qualities relate 

to pain intensity, location and duration, whereas the affective-motivational component refers to pain 

unpleasantness that produces a motivation to avoid pain and seek relief (Melzack and Casey, 1968). The 

affective-motivational component is intertwined with cognitive-evaluative processes that can exacerbate 

or reduce pain (Sullivan et al., 2001). One such factor is pain catastrophizing, “an exaggerated negative 

'mental set' brought to bear during actual or anticipated pain experience” (Sullivan et al., 2001), which 

predicts increased pain in healthy and clinical populations (Quartana et al., 2009; Sullivan et al., 2001), as 

well as the maintenance and exacerbation of chronic pain (Edwards et al., 2016; Gatchel et al., 2007). 

A process designed to undermine or oppose effects of pain catastrophizing is mindfulness, which has 

been defined as a “nonelaborative, nonjudgmental, present-centered awareness” (Bishop et al., 2014). 

Contrary to pain catastrophizing, a mindful stance is thought to deflate the negative cognitive-affective 

elaboration of pain, by becoming aware of distressing thoughts and automatic emotional reactivity and by 

observing them as mere mental events. Opening up to sensory experience is thought to support this 

process (Bernstein et al., 2015; Hayes et al., 2012;  Kabat-Zinn, 2013; Lutz et al., 2015).   

Mindfulness meditation can indeed alleviate acute and chronic pain (Zeidan et al. 2019). In line with the 

cognitive stance cultivated by mindfulness meditation, one of the most consistent findings has been a 

reduction in pain affect as opposed to intensity (Gard et al., 2012; Hilton et al., 2017; Perlman et al., 

2010). This suggests that mindfulness meditation reduces pain by "uncoupling" sensory and 

affective/evaluative pain dimensions. However, despite that some meditation studies have reported 

neural substrates for sensory-affective uncoupling (as reviewed by Grant 2014), this notion remains 

debatable, as some studies have reported marked overall pain reductions for novice (Zeidan et al., 2011, 

2015, 2016) and expert meditators (Grant and Rainville, 2009). This discrepancy may arise from the 

diversity of styles of and expertise in mindfulness meditation. Furthermore, interrelations between 

mindfulness and pain catastrophizing during acute pain remain little known. 

In the present work, we implemented a paradigm that was designed to amplify the cognitive-affective 

aspects of pain while participants performed Open Monitoring meditation (Lutz et al., 2008), a style of 

mindfulness meditation known to impact sensory-affective uncoupling of pain (Perlman et al., 2010). 
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Specifically, we collected pain intensity and unpleasantness ratings, while novices (2-day formal training; 

average ~20h home practice) and expert practitioners (>10.000h practice) performed OM meditation, or a 

distraction control condition, during the anticipation and reception of short (8s) and long (16s) thermal 

pain stimuli. 

We expected that long painful stimuli in particular would exacerbate pain catastrophizing related 

processes, which would be counteracted by meditation state and expertise. In line with the cognitive 

attitude cultivated by mindfulness meditation, we expected this regulation to be mainly reflected in a 

reduction in pain unpleasantness as opposed to pain intensity. Specifically, we hypothesized that 

mindfulness meditation would reduce pain unpleasantness but not pain intensity compared to attentional 

distraction (state effect); and to a larger degree for long compared to short painful stimuli and experts 

compared to novices. Furthermore, we expected that experts would rate painful stimuli as overall less 

unpleasant but equally intense compared to novices (trait effect). We also expected that experts would be 

more resilient to pain amplification by long painful stimuli than novices, as reflected in a lower increase in 

unpleasantness but not intensity between short and long painful stimuli and larger sensory-affective 

uncoupling for long painful stimuli in particular. Finally, we expected that the latter two effects could be 

explained by lower pain catastrophizing for experts compared to novices. 

2. Material and Methods 

2.1 Participants 

Participants were recruited for the Brain and Mindfulness ERC-funded project, which includes a cross-

sectional observational neuroscientific study on the effect of mindfulness meditation on experiential, 

cognitive and affective processes conducted in the city of Lyon from 2015 to 2018. Participants included 

novice and long term meditation practitioners (experts), who were recruited through multiple screening 

stages which are reported in detail elsewhere (see the Brain & Mindfulness Project Manual, Abdoun et 

al., 2018). Inclusion criteria were: aged between 35 and 65 years, no psychotropic drug use, no 

neurological or psychiatric disorder, a Beck Depression Inventory (BDI) score below 20, no family history 

of epilepsy, no severe hearing loss, MRI compatibility (the experiment was carried out in an MRI scanner) 

and affiliation to the social security system. Pregnant and breastfeeding women were also excluded. 

Experts needed to have: a minimum of 10.000 hours of formal practice in the Kagyu or Nyingma school of 

Tibetan Buddhism, followed at least one traditional 3-year meditation retreat, a regular daily practice in 

the year preceding inclusion. They also had to be able to distinguish between OM meditation and Open 

Presence (OP) meditation, a more advanced non-dual form of OM (see meditation practices below for 

details) and to be familiar with the practice of OP. Novices were included if they did not have significant 

experience with meditation or other mind-body training techniques and a pain sensitivity above 47 ° C 
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comparable to experts in our previous study (Lutz et al., 2013). Long-term meditation practitioners under 

a tradition comparable to the one in the current study also exhibited very low pain sensitivity (~50 ° C to 

elicit moderate pain), further speaking to the need to match controls and experts on pain sensitivity. The 

study by Lutz et al., 2013 was also used in a power-analysis to determine the optimum sample size for 

the current study. While the power analysis for the fMRI data was based on a group size of 25 

participants (plus 3 participants to accommodate for artifactual data), we oversampled the novice group to 

increase our power for correlation analyses with questionnaire measures. A total of 37 novices and 27 

expert practitioners were included. Two novices were excluded from the analyses because of a technical 

error with the log file and non-compliance with task instructions. One expert was excluded because of 

poor control task performance (33 % correct responses only). Hence, the final sample included 35 

novices (52.3 ± 7.5 years old, 16 females) and 26 expert practitioners (52.2 ± 8.1 years old, 12 females). 

No significant group differences were present in age, gender and temperature of painful stimuli used 

during the experiment (see Table 1). Experts had an average lifetime meditation experience of 41357 

hours (± 17999 SD; range: 13110-94535, missing data for one participant). All participants provided 

written informed consent before participating in the study. The study was approved by the regional ethics 

committee on Human Research (CPP Sud-Est IV, 2015-A01472-47). 

 
 Novices  Experts P-value 

Age (years) 52.3 (7.5) 52.2 (8.1) p = .95 

Temperature (experiment) 47.89 (0.49) 47.79 (0.49) p = .45 

Sex  35 (16F/19M)  26 (12F/14M) P = .97 

 

 

2.2 Meditation practices 

As has been discussed elsewhere (Lutz et al., 2013), states of openness and acceptance central to 

Mindfulness Based Interventions (MBI, Kabat-Zinn, 1982, 1985, 1986) and Acceptance Commitment 

Therapy (ACT, Hayes, 2004) are also at the heart of mindfulness-related meditation practices labeled 

here Open Monitoring (OM) (Chambers et al., 2009; Dunne 2011; Hayes, 2004; Lutz et al., 2006, 2015). 

OM practices aim to cultivate a non-reactive, open and accepting awareness of present moment 

experience. Traditionally, initial training in Focused Attention (FA) meditation is considered a prerequisite 

for OM practice (Lutz et al., 2008). Hence, novices also received training in FA (for details on the training 

protocol see Abdoun et al. 2019). Specifically, novices may still frequently ‘grasp’ mental objects, causing 

Table 1. Group characteristics. Continuous variables are presented as mean (standard deviation), and P-values 

were calculated using Welch’s t-test. For categorical variables, P-values were calculated using chi-squared test. 
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them to become absorbed in experiential content, resulting in a reduction or loss of moment-to-moment 

attention and observation. FA, which involves sustained focused attention on a selected object of choice, 

increases the capacity to detect distractions and sustain attention, which is said to stabilize the mind (Lutz 

et al., 2008). The resulting improved monitoring capacity supports OM practice, which involves the non-

selective, non-judgmental, and non-elaborative monitoring of all ongoing sensory, affective and cognitive 

experience (Chambers et al., 2006; Lutz et al., 2008; see methodsS1 for OM instructions provided during 

the experiment). It has been suggested that the cultivation of such a meta-cognitive perspective allows 

one to become aware of subtle distressing thoughts that may accompany the perception of a nociceptive 

stimulus (e.g. thoughts such as “It is killing me” or “this lasts forever”) that may otherwise go unnoticed. 

This awareness, together with the realization that thoughts are simply mental events and not accurate 

reflections of reality –a process known as “cognitive defusion” or “dereification” assumed integral to OM– 

is thought to cut subsequent emotional reactivity and pain amplification (Bishop et al., 2014; Hayes 2004; 

Kabat-Zinn, 1982; Lutz et al., 2015; Lutz et al., 2008). As a result of these two processes, it has been 

proposed that, during a state of OM, sensory pain dimensions might be perceived with equal or increased 

vividness, without the affective distress that usually accompanies such experience (Lutz et al., 2013; 

Perlman et al., 2010), leading to an ‘uncoupling’ of sensory and affective pain dimensions (Kabat-Zinn, 

1982). 

Novices and experts differ in the way of practicing objectless meditation. Specifically, with expertise the 

capacity to sustain an open monitoring state becomes increasingly effortless, at which point it becomes 

possible to make awareness an object of meditation itself (Chambers et al., 2009; Lutz et al., 2008). 

Expert practitioners were intensively trained in this advanced style of OM labeled open presence (OP) 

(Tib. rig pa) (Lutz et al, 2006) and were explicitly asked to do it. In this state, theoretically at least, the 

phenomenological qualities of effortlessness, openness and acceptance are vividly experienced and 

control-oriented elaborative processes reduced to a minimum. A suspension of subject-object duality 

(non-duality) is also reportedly involved (Dunne, 2011; Lutz et al., 2006). As this state is considered a 

relatively advanced one, even expert practitioners might not be able to sustain it for more than a short 

time (Lutz et al., 2006). For the sake of simplicity, we will use the term OM for both novices and experts 

below, acknowledging that for experts actual meditation might also have qualified as OP. 

2.3 Meditation training novices 

An important aim of the Brain and Mindfulness project was to have a high-quality control group for expert 

practitioners. To this end, meditation naïve participants underwent a weekend-long formal meditation 

training program (see Abdoun et al., 2019 for in depth information on the novice training protocol), that 

was provided by a qualified MBSR teacher, with 13 years of practice and 8 years of teaching experience 

in the meditation tradition under study and 3 years of experience as a teacher of a 18 month meditation-

based intervention (Poisnel et al., 2018). The training included teachings with the support of instruction 
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videos, guided meditations and experiential exercises, question and answer sessions, as well as 

sufficient time to reflect and share within the group. During the weekend, novices were introduced to 

various styles of meditation, including FA and OM practice: two complementary styles of meditation (see 

section above), also extensively practiced by expert practitioners. One specific exercise involved 

switching between focused attention on, and open monitoring of, pain. During such exercises, novices 

were additionally familiarized with several experiential dimensions relevant to mindfulness meditation 

(e.g. absorption vs. meditative awareness). Through this approach, we aimed to assure that novices 

gained an adequate understanding of the practices, while simultaneously addressing another issue in the 

literature, namely that studies that did not include formal meditation training failed to observe effects for 

meditation-naïve control participants (Gard et al., 2012; Grant and Rainville, 2009; Perlman et al., 2010). 

After the training weekend, novices were invited to keep up a daily practice of minimum 20 minutes a day 

until the day of the last experiment, to balance FA, OM and compassion meditations (relevant to other 

experiments, and also practiced by the experts), and to keep track of their practice with a logbook (n = 

29). Novices had on average 63.2 days (± 31.8 SD) to practice before participating to the experiment 

(range: 15-124 days), during which they engaged for a daily average of 18.3 minutes (± 7.8 SD, range: 

6.4 to 36.7 minutes) in the three meditations, including in OM practice for a daily average of 7.7 minutes 

(± 3.8 SD; range: 1.4 to 15.1 minutes). Total meditation practice at the day of the experiment was 19.4 

hours (± 12.9 SD; range: 2.2 to 49.2 hours), including 8.1 (± 6.1 SD; range: 0.4 to 26.5 hours) of OM. 

2.4 Pain calibration procedure 

Painful stimuli were provided by a TSA 2001-II thermal stimulator (Medoc Advanced Medical Systems, 

Haifa, Israel) with a 30 mm × 30 mm flat thermode applied to the palmar side of the left wrist. All 

participants underwent a calibration procedure for stimulus temperature. Using the method of limits 

(Fruhstorfer et al., 1976), the temperature was increased from 32° C to 50° C maximum at 0.7 C° C/sec. 

Participants were instructed to indicate with a button press when the pain level reached a 7 on a scale of 

0 (“no pain”) – 10 (“the worst pain imaginable’’). At button press, temperature returned to the 32° C 

baseline at maximum rate. The temperature remained at baseline for 5 sec before rising again. Subjects 

received 10 stimulations. The average temperature over the last five trials was used as an indication of 

that participant’s pain sensitivity  (except when 50° C was reached at three consecutive trials in which 

case the procedure was stopped and pain sensitivity set at 50° C; 3 novices, 2 experts). A second, finer 

calibration procedure was performed on the day of the experiment to determine the optimal temperature 

for a 16 sec long heat stimulation that would be used during the experiment itself. This calibration started 

with the temperature that best matched the participant’s previously determined pain sensitivity, but was 

confined to a limited range of four possible temperatures: 47.0, 47.5, 48.0, and 48.5° C. Subjects received 

the best matching temperature for 16 sec, after which they were asked to rate their pain using the same 

scale as before. If rating was at 7, temperature was kept at that level; else the temperature was adapted 
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until the targeted pain level of 7 was reached (see methodsS2 for more details on the results of the two 

calibration procedures).  

2.5 Experimental design, pain stimuli and task instructions 

Visual stimuli were presented using Psychopy v1.83.04 (Peirce, 2009). The experimental design is 

presented in Figure 1. Temporal jitters in the presentation of the stimuli were introduced to reduce 

collinearity of regressors in the fMRI-based general linear models. A fixation cross was displayed on the 

screen when no other visual stimuli were presented. Each trial started with a 5-8 sec introductory period. 

A 2 sec predictive cue then indicated whether the upcoming stimulation would be warm or hot and was 

followed by a 5 to 8 sec anticipatory period. A thermal stimulation was then delivered which was either 

hot, at the participant’s painful temperature, or warm, at a non-painful temperature 6 degrees cooler. 3 to 

6 sec after stimulus onset, a second cue indicated whether the stimulation would be short (8 sec, relief) or 

long (16 sec, non-relief). Warm stimuli were always long (16 sec) and served as a baseline control 

condition for the MRI. Hence, they will not be analyzed for the current work. Five to eight seconds after 

the thermal stimulation ended, two rating scales were presented for 5 sec each (see rating scale section 

below). After 1 sec the next trial started. Baseline temperature for the thermode was 32°C. Ramp-up and 

ramp-down periods were 1.5 sec for the warm and 2.5 sec for hot stimuli. Temperature of the long hot 

stimuli dropped slightly by 1 ° C (0.5 ° C/sec) after 2 sec of stimulation (not depicted) as initial pilot 

sessions revealed they would otherwise be unbearable. Subjects received a total of 60 thermal stimuli; 20 

short hot (SH), 20 long hot (LH) and 20 long warm (LW), applied to the palmar side of the left wrist. All 

thermal stimuli were delivered during one experimental session consisting of six blocks of ten trials each. 

Subjects rested 1.5 minute between the blocks. Each block was further subdivided into two subblocks, 

one for each state condition, in randomized order: Open Monitoring (OM) or a control addition task 

(Distraction). Each trial type (SH, LH, LW) was set to occur at least once during each subblock. Each 

subblock started with a 20 s auditory and visual state induction during which participants received 

instructions for the experimental condition. For OM, participants were instructed to keep an open and 

accepting awareness (see methodsS1 for full instructions). Experts specifically were also told that the OM 

instructions referred to the practice of OP. For Distraction, subjects were instructed to mentally add simple 

single-digit numbers (1-3) that were presented on the center of the screen (replacing the fixation cross) 

from the start of each trial until rating scales were shown (see Fig. 1). Numbers were presented for 1 sec 

with a variable interval of 3, 4 or 5 sec between numbers. Subjects were asked to maintain a tight focus 

on the screen in order not to miss any numbers, while blocking all pain-related sensations, emotions and 

thoughts. In order to minimize visual differences between task conditions, numbers were also presented 

on the screen during OM. However, subjects were instructed to abstain from mental addition, but to 

nonetheless keep their gaze fixed at the screen at all times, in a relaxed manner, in order to not miss any 
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visual cues. Prior to the experiment, participants were familiarized with the task and performed one full 

block of trials using non-painful stimuli only. 

 

 

 

 

 

 

 

 

2.6 Rating scales 

Throughout the blocks, we collected ratings of pain intensity and unpleasantness using 1-9 Likert items. 

Similarly, we collected ratings of pain relief (how relieved were you when the stimulation stopped) which 

will not be analyzed here, but in a future publication in the context of studying reward-related activity in 

the neuroimaging analysis. We further checked task performance by regularly asking the total sum of the 

addition task in the Distraction condition, or, in case of OM, to what degree participants were able to 

Figure 1. Schematic illustration of the experimental paradigm. Each trial started with a 5-8 sec introductory 

period. A 2 sec predictive cue then indicated the temperature of the upcoming stimulation (warm or hot) and was 

followed by a 5-8 sec anticipatory period. A thermal stimulation was then delivered that was either short (8 sec) or 

long (16 sec). After 3-6 sec of thermal stimulation, a second visual cue informed subjects about the duration of the 

stimulation. Non-painful warm stimuli were always long and served as baseline control for the fMRI. Following 

stimulus offset, a 5-8 sec rest period preceded the presentation of two rating scales (5 sec each). Rating scales 

probed pain intensity, unpleasantness, relief and task performance. During each trial, a single-digit number (1-3) 

was presented every 2 sec from the start of the trial until rating scales were shown (see black horizontal bars). 

Subjects randomly alternated between two task conditions: Distraction, involving the mental addition of the 

numbers and the blocking of all pain experience; or OM involving the cultivation of an open attitude to pain (and 

no mental addition). Subjects received a total of 60 thermal stimuli: 20 short hot (SH), 20 long hot (LH) and 20 

long warm (LW) equally distributed across the two task conditions. ITI: intertrial interval. 
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follow meditation instructions. After each trial, two different rating scales were presented in randomized 

order (see methodsS3 for the specific questions and frequency of presentation). 

2.7 Questionnaires and other measurements 

To characterize interindividual trait differences in cognitive and affective processes involved in our 

paradigm, we measured the Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995). 33 novices and 26 

experts completed the PCS before participating in the experiment. Other measurements relevant to the 

current experiment were collected. These included the Drexel Defusion Scale which measures cognitive 

defusion (see the Brain & Mindfulness project manual, Abdoun et al., 2018, for all questionnaires 

collected), several phenomenological scales collected at the end of the fMRI-session (e.g. openness, 

avoidance, vividness), and a qualitative interview about worldview and pain and suffering coping 

strategies. These will be the subject of a future publication. 

2.8 Statistical analysis 

We used R 3.3.2 for statistical analyses (R core team, 2017). 

Group comparisons: Welch’s t-test was used to compare group means for age, pain sensitivity, 

experimental temperature, task performance and trait pain catastrophizing. Chi-squared test was used to 

test for differences in categorical variables between groups. 

Outlier removal pain ratings: We first removed no-response trials and subsequently removed extreme 

outlier points that were more than 3.5 standard deviations away from the median for each grouping of 

Subject by Rating Type (Intensity, Unpleasantness). 

Linear mixed models (LMMs): LMMs were fitted to the data using lme4 (Bates et al., 2015). The main 

advantage of these models is that they are able to handle missing data and complex unbalanced designs 

(e.g. different ratings being asked at different trials as in the current study) (Bates et al., 2015; 

Molenberghs and Lesaffre, 2014). Another characteristic of LMMs is that they contain a fixed and random 

effects structure. Usually, the fixed effects structure estimates the explanatory variables (i.e. effects of 

interests or covariates), while the random effects structure estimates subject-level effects for repeated 

measures, thus accounting for heterogeneity between subjects and non-independence within subjects 

(Singmann and Kellen, 2019). Fixed effect terms for each model are specified in the results section. Time 

(different blocks) was additionally included as fixed effect covariate in all models. We kept the random 

effects structures maximal, by including subject-level random intercepts and random slopes for each 

within-subject fixed effect (including the Time covariate) (Barr et al., 2013). Models were fitted using 

restricted maximum likelihood, and type II Wald chi-square tests were used to assess significance of fixed 
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effects (Bates et al., 2015; Bolker et al., 2019; Luke, 2017). Post-hoc tests were performed using the 

emmeans package version 1.2.2, using Tukey multiple comparison corrections. 

Effects size calculations: For informative, replicative and meta-analytic purposes, we provide effect size 

measures for the effects of interest. As of yet, no generally accepted method exists for the calculation of 

effect sizes within LMMs. As a workaround for estimation of the effect sizes for interaction and post-hoc 

effects observed within LMMs, we fitted simpler models to the data and calculated effect sizes on them. 

More specifically, for LMM interaction effects, we fitted the equivalent ANOVA model, that included the 

factors involved in the interaction, and data averaged per subject for each possible combination of the 

factor levels (as usual for ANOVA). We subsequently calculated the partial eta-squared (ηp²) effect-size 

measure for the interaction term (Maher et al., 2013). For the estimation of effect sizes of post-hoc LMM 

pairwise comparisons, we grouped data according to the levels under comparison, and averaged data per 

subject. We subsequently calculated Cohen’s (d) effect-size measure (Maher et al., 2013). Cohen’s (d) 

was also calculated for group differences in pain catastrophizing analyzed with a t-test. 

3. Results 

3.1. Manipulation check 

The percentage of correct responses on the Distraction task did not differ between experts (M=0.87, 

SD=0.13) and novices (M=0.88, SD=0.11), (t(49.9) = 0.6, p = 0.57), suggesting equal control task 

compliance between groups. However, when participants were asked to what degree they could follow 

meditation instructions, experts (M = 7.46, SD = 1.21) provided significantly higher ratings than novices 

(M = 6.66, SD = 1.38), t(57.3) = 2.4, p = 0.020; d= 0.61), potentially reflecting differing levels of expertise. 

3.2 Effects of meditation state and expertise on pain experience 

We tested the effect of meditation state and expertise on pain experience with a model that included 

Group (Experts, Novices), State (OM, Distraction), Rating Type (Intensity, Unpleasantness) and Trial 

Type (Short, Long) as fixed effects (see Fig. 2a for an overview of the data). We observed a State x 

Rating Type (χ2 (1) = 1.0, p =.001; ηp²=0.11), a Group x Rating Type interaction (χ2 (1) = 1.3, p < .001; 

ηp²=0.18) and a Group x Rating Type x Trial Type interaction (χ2 (1) = 8.6, p = .003; ηp²=0.08). 

First, we conducted post-hoc tests on the State x Rating Type interaction (Fig. 2b). In line with what was 

predicted, we observed an overall state effect across groups (Novices,  Experts) and trial types (Short, 

Long). Interpreting the overall state effect, we found that relative to Distraction, OM significantly reduced 

the unpleasantness but not intensity of pain across all participants (unpleasantness: estimate = -0.25, 
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95% ci = [-0.39,-0.11], t(102) = -3.5, p < .001, d = -0.14; intensity: estimate = 0.03, 95% ci = [-0.19,0.13], 

t(173) = 0.3, p = .74). To test whether this effect of state was also present in each group, we performed 

follow up tests on the novice and expert groups separately. We found that the state effect was present in 

both novice and expert groups (novices: State x Rating Type (χ2 (1) = 6.36, p = .012, ηp²=0.12; 

unpleasantness: estimate = -0.21, 95% ci = [-0.38,-0.04], t(65) = -2.4 p = .018, d = -0.15; intensity: 

estimate = 0.08, 95% ci = [-0.11,0.28], t(118) = 0.8, p = .43), (experts: State x Rating Type (χ2 (1) = 3.85, 

p = .05, ηp²=0.10; unpleasantness: estimate = -0.29, 95% ci = [-0.53,-0.05], t(39) = -2.4, p = .021, d = -

0.18; intensity: estimate = -0.03, 95% ci = [-0.29,0.24], t(60) = -0.19, p = .85). Additional supplementary 

analyses revealed that, for novices, none of the usual practice metrics could predict the state effect. 

Instead, time elapsed since the meditation weekend was found to be a significant predictor, such that 

novices who participated in the experiment closer to the meditation weekend reported larger state effects 

(see resultsS1). The significance of this finding will be further detailed in the discussion.    

Next, we performed post-hoc tests on the Group x Rating Type interaction of the main model (Fig. 2c). 

Across the different task conditions (OM, Distraction) and trial types (Short, Long), experts rated painful 

stimuli as significantly less unpleasant compared to novices (estimate = -1.75, 95% ci = [-2.45,-1.05], 

t(59) = -5.0, p < .0001; d = -1.33), whereas averaged reports of pain intensity did not differ between 

groups (estimate = -0.66, 95% ci = [-1.38,0.05], t(59) = -1.8, p = .070). Thus, in line with our predictions 

expert practitioners reported a larger reduction in the unpleasantness but not intensity of pain compared 

to novices during OM meditation, but contrary to our predictions, this effect also extended to a non-

meditative control state. 

Finally, we examined the Group x Rating Type x Trial Type interaction of the main model (Figs 2d-e). A 

first post-hoc test revealed that, as predicted, experts, reported a significantly lower increase in pain 

unpleasantness between short and long painful stimuli compared to novices  (estimate = -0.46, SE = 

0.15, t(103) = -3.2, p < .01; d = -0.98), whereas the reported increase in pain intensity did not differ 

between groups (estimate = 0.05, SE = 0.16, t(172) = 0.3, p = .74) (Fig. 2d). Second, we performed post-

hoc tests to examine group differences in the reported degree of sensory-affective uncoupling of pain; 

operationalized as the within-subject difference between sensory intensity and unpleasantness ratings of 

pain (intensity-unpleasantness). As predicted, experts, compared to novices, reported significantly larger 

sensory-affective uncoupling of pain, already during short (estimate = 0.83, SE = 0.32, t(70) = 2.6, p = 

.01; d = -0.73) but most pronouncedly during long painful stimuli (estimate = 1.3, SE = 0.32, t(70) = 4.2, p 

= .0001; d = -1.02)  (see solid lines Fig. 2e). Expert, but not novice practitioners, additionally reported 

larger sensory-affective uncoupling of pain for long compared to short painful stimuli (experts: estimate = 

0.69, SE = 0.13, t(2078) = 5.2, p < .0001; d = 0.40; novices: estimate = 0.18, SE = 0.11, t(2075) = 1.5, p = 

.12) (see dashed lines Fig. 2e). Collectively, these results confirmed our hypotheses on meditation state 

and expertise related sensory-affective uncoupling of pain.  
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We also anticipated a modulation of the state-effect by meditation-expertise and trial type, such that 

experts would report larger OM-related sensory-affective uncoupling than novices, particularly during long 

painful stimuli, which we failed to observe. This could have been due to cross-over effects between task 

conditions, as it has been previously observed that a meditation state can affect the post-meditative 

baseline (Lutz et al., 2004). Specifically, experts’ larger sensory-affective uncoupling of pain cultivated 

during meditation might have lingered on to the control state: thereby attenuating overall differences 

between states in this group. To test this possibility, we performed an exploratory analysis to examine 

whether the magnitude of reported sensory-affective uncoupling of pain, for the two different task 

conditions, depended on the order of task performance within blocks. We fitted a model that included 

Group (Experts, Novices), State (OM, Distraction), Subblock (First, Second) and Block (1 to 6) as fixed 

effect terms, and an Uncoupling index (within-subject difference intensity-unpleasantness for long painful 

stimuli) as dependent variable. Consistent with this hypothesis, we observed a Group x State x Subblock 

interaction (χ2 (1) = 4.44, p = .035). Post-hoc tests revealed an order effect for experts only, who reported 

increased sensory-affective uncoupling of pain for OM relative to Distraction, during first but not second 

experimental subblocks after resting breaks (first subblock: estimate = 0.73, 95% ci = [0.06,1.39], t(137) = 

2.2, p = .032; second subblock: estimate = -0.15, 95% ci = [-0.82,0.51], t(122) = -0.45, p = .65) (see Fig. 

3). No such order effect was present for novices (first subblock: estimate = 0.11, 95% ci = [-0.43, 0.66], 

t(125) = 0.4, p = .68; second subblock: estimate =  0.51, 95% ci = [-0.09,1.10], t(142) = 1.7, p = .094). The 

fact that experts reported larger sensory-affective uncoupling of pain for OM compared to Distraction 

during first but not second experimental subblocks after 2-minute during resting breaks, suggests that a 

spillover effect of OM within blocks, that attenuated overall state differences, was present for the expert 

group specifically. 

3.3 Relationship between pain catastrophizing and meditation expertise 

Next, we tested for group differences in trait pain catastrophizing as measured by the pain catastrophizing 

scale (PCS). As predicted, experts had significantly lower trait pain catastrophizing compared to novices 

(experts: M = 6.96, SD = 5.39; novices: M = 18.27, SD = 9.35, t(52.7) = -5.8, p < .0001, 95% ci = [-15.20,-

7.42]; d = -1.44) (see resultsS2 for figure). To explore the relationship of this expertise effect to meditation 

practice, we tested whether experts’ lifetime meditation experience could predict pain catastrophizing 

scores, which was not the case (r(23) = -0.08, p = .70). This might have been due to non-linearity of 

training, or a ceiling effect introduced by the high level of experience of expert practitioners (~40.000 

hours). 
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Figure 2. Effect of meditation state and expertise on subjective pain experience. (A) Overview of pain self-

report data. (B) Relative to Distraction, OM reduced the unpleasantness but not intensity of pain, across groups 

(Novices and Experts) and trial types (Short, Long); Subsequent results are averaged across the levels of states 

(OM, Distraction). (C) Compared to novices, experts rated painful stimuli as less unpleasantness but equally 

intense across trial types (Short, Long). (D) Experts, compared to novices, reported a comparable increase in 

pain intensity but a lower increase in pain unpleasantness between short and long painful stimuli. (E) Experts, 

compared to novices, reported larger sensory-affective uncoupling of pain, already during short, but particularly 

during long painful stimuli (solid lines). Experts additionally reported larger sensory-affective uncoupling of pain 

for long compared to short painful stimuli (dashed lines). Pain ratings were provided on 1-9 Likert scales. Results 

are model-derived estimates. OM: Open Monitoring, Int: Intensity, Unp: unpleasantness. Error bars are standard 

errors. Significance levels *: p<.05; **: p<.01; ***: p<.001; ****: p<.0001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of task order within blocks on reported sensory-affective uncoupling of pain. A state-effect 

specific to experts was present when controlling for task order within blocks, with experts but not novices 

reporting increased sensory-affective uncoupling of pain for OM compared to Distraction for first but not second 

subblocks after resting breaks.  
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3.4 Relationships between pain catastrophizing and pain experience 

Finally, and as hypothesized, we examined whether the group difference in trait pain catastrophizing 

could explain the observed group differences in increase in pain unpleasantness between short and long 

painful stimuli, as well as in reported degree of sensory-affective uncoupling for long painful stimuli. To 

test this, we divided participants in a low (Low PCS) and high (High PCS) pain catastrophizing subgroup 

(median split), and examined whether the newly created PCS subgroups showed similar group 

differences in the specified effects. The Low PCS group included 22 experts and 7 novices while the High 

PCS group included 26 novices and 4 experts (see blue (novices) and red (experts) dots in upper panels 

Fig. 4A). Groups did not differ in mean pain sensitivity (low PCS: M = 47.5, SD = 2.1, high PCS: 47.8, SD 

= 1.5, t(50) = -0.7, p = .49, 95% ci = [-1.30,0.63]) or experimental pain temperature (low PCS: M = 47.9, 

SD = 0.49, high PCS: 47.8, SD = 0.50, t(57) = 0.48, p = .63, 95% ci = [-0.20,0.32]). We fitted a model that 

included PCS (Low PCS, High PCS), Trial Type (Short, Long), State (OM, Distraction) and Rating Type 

(Intensity, Unpleasantness) as fixed effects, and observed a PCS x Rating Type interaction (χ2 (1) = 7.1, 

p < .01; ηp²=0.11), and a PCS x Rating Type x Trial Type interaction (χ2 (1) = 1.7, p < .001; ηp²=0.17). 

First, we conducted post-hoc tests on the PCS x Rating Type interaction (Fig. 4A). Across the different 

task conditions (OM, Distraction) and trial types (Short, Long), the Low PCS group rated painful stimuli as 

significantly less unpleasant than the High PCS group (estimate = -1.54, SE = 0.37, t(57) = -4.2, p < 

.0001, 95% ci = [-2.29,-0.80]; d = -1.12), whereas averaged reports of sensory pain intensity did not differ 

between PCS groups (estimate = -0.70, SE = 0.36, t(57) = -1.9, p = .057, 95% ci = [-1.42,0.02]). This 

result was conceptually similar to that of the equivalent test for the novice and expert groups. 

Subsequently, we examined the PCS x Rating Type x Trial Type (Figs 4b-c). A first post-hoc test showed 

that, contrary to what was predicted, the Low compared to High PCS group reported a lower increase in 

pain unpleasantness between short and long painful stimuli only at a trend level (estimate = -0.27, SE = 

0.15, t(95) = -1.8, p = .075). Also, the Low PCS group reported a higher increase in pain intensity 

(estimate = 0.45, SE = 0.17, t(154) = 2,7, p < .01) (Fig. 4b). To help interpret this unexpected finding we 

conducted follow-up tests on short and long pain stimuli separately. Interestingly, we found that the High 

PCS group rated short painful stimuli as significantly more intense compared to the Low PCS group 

(estimate: 0.93, 95% ci = [0.20,1.65], t(60) = 2.6, p = .013) (dashed lines Fig. 4a), whereas intensity 

reports were not different between groups for long painful stimuli (estimate: 0.47, 95% ci = [-0.28,1.23], 

t(59) = 1.3, p = .22) (the equivalent test for novice and expert groups did not show such an effect). The 

larger increase in pain intensity between short and long painful stimuli for the Low compared to High PCS 

group was not what we initially predicted. This effect could reflect either a ceiling effect for the high PCS 

group due to increased baseline pain sensitivity, or alternatively, an enhanced opening up to pain 

sensation during long painful stimuli for the Low PCS group. 
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Further continuing the interpretation of the PCS x Rating Type x Trial Type interaction, we finally 

conducted post-hoc tests on differences between PCS groups in reported degree of sensory-affective 

uncoupling of pain (Fig. 4c). As predicted, the Low compared to High PCS group reported more 

pronounced sensory-affective uncoupling of pain for long painful stimuli [(estimate = 1.21, SE = 0.34, 

t(66) = 3.6, p < .001; d = 0.88) (solid lines Fig. 4c), whereas reported sensory-affective uncoupling of pain 

did not differ between PCS groups for short painful stimuli (estimate = 0.48, SE = 0.34, t(66) = 1.44, p = 

.15). The Low but not High PCS group additionally reported larger sensory-affective uncoupling of pain for 

long compared to short painful stimuli  (Low PCS: estimate = 0.69, SE = 0.13, t(2078) = 5.2, p < .0001, d 

= 0.45; High PCS: estimate = 0.18, SE = 0.11, t(2075) = 1.5, p = .12) (see dashed lines Fig. 4c). 

These results suggest that the group differences in trait pain catastrophizing could indeed explain the 

observed group differences in sensory-affective uncoupling of pain for long painful stimuli, as predicted. In 

order to further assess the specificity of this finding, we tested whether pain catastrophizing could also 

predict sensory-affective uncoupling of pain for long painful stimuli, across participants, when controlling 

for the effect of meditation expertise. We found that this was indeed the case (see resultsS3). This 

suggests that the above findings were not simply driven by group differences in meditation expertise 

unrelated to pain catastrophizing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of pain catastrophizing on subjective pain experience. Results are averaged across the levels 

of states (OM, Distraction).  (A) The low (right panel) compared to high PCS group (left panel) rated painful stimuli 

as less unpleasant (solid lines) across trial types (Short, Long). However, the high compared to low PCS group 

rated painful stimuli as more intense only when they were short (dashed lines). Dots in upper panels represent the 

composition in novices (blue) and experts (red) of each PCS group. (B) The increase in pain unpleasantness 

between short and long painful stimuli did not differ between groups. Instead the low PCS group reported a higher 

increase in pain intensity.  (C) The low compared to high PCS group reported larger sensory-affective uncoupling of 

pain, specifically during long painful stimuli (solid lines), as well as a larger increase in sensory-affective uncoupling 

of pain between short and long painful stimuli (dashed lines). Pain ratings were provided on 1-9 Likert scales. 

Results are model-derived estimates. Int: Intensity, Unp: unpleasantness. Error bars are standard errors. 

Significance levels *: p<.05; **: p<.01; ***: p<.001; ****: p<.0001.
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4. Discussion  

The present study aimed to better characterize the pain regulatory mechanism of OM mindfulness 

meditation; a meditation practice analogous to that employed in mindfulness-based interventions for the 

treatment of chronic pain. To this end, we investigated the impact of an OM meditation state and 

expertise on sensory and affective pain experience during short (8s) and long (16s) painful stimuli. 

 

4.1 Effect of the state manipulation 

We found that OM meditation compared to attentional distraction, reduced ratings of unpleasantness but 

not intensity for novice and expert practitioners. This finding replicates several studies that reported lower 

pain unpleasantness as a result of mindfulness training or expertise (Brown and Jones, 2010; Gard et al., 

2012; Grant et al., 2011; Grant and Rainville, 2009; Perlman et al., 2010; Zeidan et al., 2011, 2015, 

2016), and extends this work in multiple ways. 

The within-subject contrast of two opposing cognitive and attentional stances allowed us to better 

understand the relative regulatory efficacy of each. In the context of the current study, mindfulness 

meditation emerged as the more adaptive strategy. This finding is in line with clinical and mindfulness 

theory which holds that cultivating an open and accepting attitude towards pain, especially when chronic 

and inescapable, is more adaptive than experiential avoidance (Bishop et al, 2014; Hayes et al., 2012; 

Kabat-Zinn, 2013). This notion has gathered empirical support from the clinical domain which has 

consistently linked excessive fear and avoidance behaviors to poorer clinical outcomes (Crombez et al., 

2013; Edwards et al., 2016). Our finding that both expert and novice practitioners reported lower pain 

unpleasantness during mindfulness-meditation, including for long tonic-like pain stimuli which have been 

suggested to better mimic chronic pain states (Racine et al., 2012), further supports this notion. 

The finding on meditation-induced sensory-affective uncoupling of pain for experts, corroborates two 

other studies with long-term meditation practitioners, the first by Gard and colleagues on experienced 

Vipassana practitioners (Gard et al., 2012), and the second by Perlman and colleagues on Tibetan 

Buddhism practitioners (Perlman et al., 2010), that observed similar results. 

Our finding of a reduction in pain unpleasantness during mindfulness-meditation for novices is also salient 

as other studies, with similar instructions, failed to observe effects for control participants (Gard et al., 

2012; Grant and Rainville, 2009; Perlman et al., 2010). This difference is perhaps most readily attributed 

to the larger dose  of meditation training  for novices in our study, which included 2 days of formal training 

in OM and FA meditations with a teacher, and several weeks of home practice (2-18 weeks) (Abdoun et 

al., 2019). By contrast, other studies only provided written meditation instructions. Hence, it can be 
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speculated that the capacity to non-judgmentally monitor (pain) experience is not trivial and requires at 

least some familiarity with and training in OM (and likely FA); a view also traditionally held (Lutz et al., 

2006, 2008). However, practice metrics for novices could not predict the state effect (reduced 

unpleasantness with OM). Instead, time elapsed since the meditation weekend emerged as the sole 

significant predictor: novices who participated closer to the meditation weekend reported larger state 

effects. Although surprising at first, further inspection revealed a potential explanation. Specifically, we 

have reported before that novices who enrolled in the training protocol initially showed high motivation, 

but that the intensity of practice linearly decreased over weeks (Abdoun et al. 2019). This may well 

explain the observed decline in the state effect over weeks. If indeed true, this finding has several 

important implications. First, it suggests that, for beginner meditators, a continuous and disciplined effort 

may be required to achieve sustained effects on pain regulation. Second, the finding points to the 

importance of taking into account sustainability of effects as initial results might be overly optimistic. 

Lastly, the results beg the question how much effort is required to maintain effects and whether the 

capacity to non-judgmentally monitor pain can become learned and effortless (as the findings on experts 

suggest), and if so, at which stage. These are interesting avenues for future research. 

Notably, the only other studies that also reported mindfulness-related reductions in pain ratings for 

novices provided formal training too. Specifically, in a series of experiments by Zeidan and colleagues, 

meditation-naive participants underwent 4 brief 20-minute sessions of meditation training in a practice 

that involved sustained focused attention on the breath (Zeidan et al., 2011, 2015, 2016), a type of 

practice that qualifies as FA. When used in the context of pain, this might involve components more akin 

to distraction, which has been linked to attentional gating mechanisms and overall pain reductions (Miron 

and Duncan 1989; Sprenger et al., 2012), as was observed in these studies. The present results suggest 

that novices can also be successfully trained in OM meditation and that this yields a different regulatory 

profile characterized by sensory-affective uncoupling, consistent with earlier work with expert practitioners 

(Perlman et al., 2010). However, this interpretation warrants caution as the present study lacked a 

baseline control condition, and reported results were relative to a distraction condition that in itself may 

have reduced pain intensity. Furthermore, in the studies by Zeidan and colleagues, mindfulness 

meditation also impacted the affective dimension of pain more than the sensory dimension. Nonetheless, 

the observed reductions in pain intensity (up to 27-40%) in those studies seem an order of magnitude 

larger than what has been reported in most studies on OM meditation, suggesting that different 

mechanisms are at play. Future research is needed to clearly delineate the respective beneficial effects of 

these different meditative practices, especially in a clinical context. 

Finally, we hypothesized larger state effects for long compared to short painful stimuli and for experts 

compared to novices, which we did not observe. For experts, this may have had several possible 

reasons. First, across task conditions, experts showed a trait-like tendency towards larger sensory-

affective uncoupling. Hence, for experts, sensory-affective uncoupling of pain may no longer have been 
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state-dependent, a notion supported by the relation to trait pain catastrophizing (see below). Secondly, an 

exploratory analysis suggested that for experts larger sensory-affective uncoupling cultivated during OM 

spilled over to the control condition and thus attenuated overall state differences. As effortlessness is said 

to be key feature of non-dual mindfulness (i.e. OP meditation), this spill-over of sensory decoupling 

following meditation in experts only could be a signature of this process. Further work is needed to 

explore this possibility.   

4.2 Effect of meditation expertise and relation to trait characteristics 

The basic premise of mindfulness practice is that the repeated cultivation of a meditative state can 

eventually induce desirable changes in behavioral and psychological traits (Lutz et al., 2006). In 

accordance with this notion, several trait-like effects related to meditation expertise were observed across 

both task conditions. Specifically, experts reported lower overall pain unpleasantness but not pain 

intensity, reduced amplification of unpleasantness by long painful stimuli, and larger sensory-affective 

uncoupling particularly during long painful stimuli. Supporting the idea that these group differences 

reflected trait effects was that experts’ lower trait pain catastrophizing, compared to novices, could explain 

several of the effects, although not all. Hence, pain catastrophizing may not fully exhaust all mechanisms 

underlying expertise; this possibility will be explored through a more refined, qualitative approach in a 

future publication. Regardless, experts showed increased resilience to pain amplifying processes, which 

was partly relatable to lower trait pain catastrophizing. Contrary to our expectation, lifetime meditation 

experience did not predict trait pain catastrophizing. Our findings corroborate other studies that reported 

reduced pain catastrophizing following mindfulness-based interventions (Turner et al., 2016), and 

negative relations between measures of mindfulness and pain catastrophizing (Day et al., 2015;  Elvery et 

al., 2017; Schutze et al., 2009; Dorado et al., 2018;  Jensen et al. 2018). In addition, the observed pattern 

of pain reduction is remarkably in line with the specific cognitive attitude cultivated by mindfulness 

meditation that emphasizes openness to sensory experience and deliberate disengagement from 

cognitive-affective appraisals. The possibility that one can open up to the sensory aspects of pain 

experience while simultaneously reducing emotional distress is particularly relevant in the context of 

chronic pain conditions. Nevertheless, more research is clearly warranted to further substantiate these 

findings and to examine the extendibility of these findings to clinical pain contexts. 

4.3  Limitations 

The current study had several limitations. First, the study built on subjective pain reports. Although more 

readily accepted in pain research, they are also susceptible to demand characteristics (Orne 1962; Weber 

and Cook 1972). However, we consider it unlikely that these were primarily driving results as we reported 

complex relations between various experimental factors and trait variables. Second, the study design did 
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not allow to conclusively disentangle state and trait effects. An inclusion of a baseline control condition 

would have made it clearer whether effects observed across task conditions were state-induced or trait-

like. Third, we selected participants with low pain sensitivity, which decreases the generalizability of the 

findings. Finally, the cross-sectional design rendered it unclear whether meditation expertise was the 

causal factor of lower trait pain catastrophizing in expert practitioners. 

5. Conclusion 

This study associated mindfulness meditation with sensory-affective uncoupling of pain in trained novice 

and expert meditators and identified trait pain catastrophizing as a predictor of sensory-affective 

uncoupling. These findings help to illuminate the cognitive mechanisms of mindfulness-based pain-

regulation and provide a better understanding of its relation to other pain-regulation strategies.   
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Supplementary information 

MethodsS1. State instructions 

Written instructions 

Distraction condition: Concentrate your mind on the numbers and visual cues on the screen. Whenever a 

new number appears, mentally add it to the total sum of the previous number(s). You should focus your 

attention only on the numbers and the cues. Block all other emotions, sensations, or thoughts that may 

arise during the calculation task. Be very focused so that you don't miss any number or cue. 

OM condition: Start to anchor your attention in your body. Simply rest your body. Relax your muscles. 

Rest your mind without blocking anything. Allow everything to arise in the field of awareness as it is in the 

present moment. The body and the mind rest in unity. Gently watch the numbers and the cues appear on 

the screen. Pay attention to cues, while not doing anything in particular with the numbers. When the 

thermal stimulus arises, gently let it be a support for your attention. You know that you are feeling the 

sensation; you recognize it, while resting the mind on this support. While resting your attention on the 

thermal sensation, thoughts, or emotions may arise. Just let them be in the vast field of your awareness 

while remaining at ease in the present moment. 

Auditory instructions 

Distraction condition: Concentrate your mind on the number and the visual cues on the screen. You 

should focus your attention completely on the screen and the counting task. Block all the emotions, 

sensations and thought that arise during this task. Be very concentrated so that you don’t miss any 

number or visual cue. 

OM condition: Relax your body and your mind, there is no need to block anything. When the heat 

stimulation starts, gently be aware of it. Be aware of your experience of this sensation and let your mind 

relax with it. When any thoughts or emotions arise, let them be there in the vast space of your awareness. 
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MethodsS2. Pain calibration results 

Supplementary Table 1. Temperature characteristics of pain calibration procedures. 

             Novices    Experts t-value p-value 

Temperature (pain threshold)      48.2 (1.0)   47.0 (2.4) 2.3 p = .027 

Temperature (experiment)      47.9 (0.5)   47.8 (0.5) 0.8 p = .45 

   

 

 

 

 

 

 

 

 

 

 
Note. Three experts had low pain sensitivity (<45 C˚, see Fig. S1a). Further examination revealed that 

these data points were from three consecutive experts in terms of lab visit. Their visits also coincided with 

the arrival of a new student responsible for pain sensitivity calibration. We noticed that this student initially 

used unnecessary frightening language to explain the pain sensitivity calibration procedure to experts 

(novices did the pain sensitivity calibration at an earlier time point during the meditation weekend). This 

issue was corrected upon noticing but might explain the low pain sensitivity for these experts. This notion 

seems supported by the fact that the same experts had no problem tolerating the experimental 

temperature (>= 47 C˚) during the second calibration procedure, which was performed by the first author. 

It is unlikely that this issue will have influenced the results in an unduly manner, as it were only some 

experts with relatively higher pain sensitivity (not novices), but findings mainly relate to larger sensory-

affective uncoupling for experts, which goes in the other direction of what higher pain sensitivity for 

experts is expected to influence the results. Once we removed these 3 expert meditators, all interaction 

effects of the main model were still present, and post-hoc test yielded similar significant results. 

Supplementary Figure 1. Combined box-and-whisker dot plots for temperature characteristics pain 

calibration procedures. (A) Calibration results for pain threshold determination. (B) Calibration results for 

experimental pain temperature determination. 

Data are presented as mean (standard deviation). 
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MethodsS3. Self-reports           

Different self-report questions: 

‘Intensity: How hot was the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely hot 

‘Unpleasantness: How much did the stimulation bother you?’  

Labels: 1 = Not at all, 9: Extremely 

‘Relief’: How relieved where you by the end of the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely 

 ‘Meditation Instruction’: To what degree where you able to follow the instruction?’ 

Labels: 1 = Not at all, 9: Completely 

‘Addition’: What is the total sum of the numbers that were presented?’ 

5 different two digit-numbers were presented, one of which was the correct answer. 

Presentation frequency: 

OM condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Meditation 4 x Meditation 4 x Meditation 

Distraction condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Addition 4 x Addition 4 x Addition 
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ResultsS1. Relation between state effect and novice practice metrics 

Our novice participants showed a reduction in unpleasantness in OM compared to the Distraction 

condition. In order to assess whether such effect is associated to novices' meditation home practice, we 

modeled the individual state effect on unpleasantness (difference in self-reported unpleasantness 

between OM and Distraction) as a function of two metrics of practice: the average daily practice in 

minutes (thereafter referred to as Intensity) and the total amount of practice in hours since the meditation 

training (Experience). In previous work we found highly specific associations between effects on self-

reports on one hand, and metrics (Intensity or Experience) and practices (e.g. FA or OM) on the other 

hand (Abdoun et al. 2019). Therefore, we computed Intensity and Experience separately for each of the 3 

practices that our participants were trained at (FA, OM and compassion - CO). An evident hypothesis for 

the present experiment is that the practice of OM would be the best predictor of the observed reduction in 

unpleasantness during OM. As control variables, we also included participants' score to the Balanced 

Inventory of Desirable Responding (BIDR), and the time elapsed since the meditation week-end 

(timespan). 

Given the high number of predictors (8) compared to the small sample size (29), we used a LASSO 

regression to select the best predictors. LASSO regression uses a penalty on the regressors to force 

certain coefficients to be set to zero. This regularization process produces a sparse model that optimizes 

prediction while reducing overfitting (Tibshirani, 1996). We used the R glmnet package to perform the 

LASSO regression (Friedman et al. 2019). glmnet performs LASSO regression for a whole range of 

regularization parameter values and selects the optimal one using a cross-validation scheme. 

The model selected by the LASSO regression contains a single predictor, timespan. Contrary to our 

prediction, metrics of OM practice were not selected (Fig. S2a). A post-hoc correlational analysis shows 

that timespan significantly predicts the state effect on unpleasantness (r=.41, p=.027, Fig. S2b). 

 

 

 

 

 

 

 

 

Supplementary Figure 2. Predictors of the state effect on unpleasantness in novices. (A) Standardized 

coefficients as a function of the regularization parameter λ. At the optimal value of λ (black line), timespan is the 

only selected predictor. (B) Timespan significantly predicts the state effect on unpleasantness. 
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ResultsS3. Complementary PCS analysis 

To test the specificity of the relationship between pain catastrophizing and sensory-affective uncoupling of 

pain, we performed an additional analysis to examine whether pain catastrophizing could predict the 

degree of sensory-affective uncoupling of pain, specifically for long painful stimuli, up and above the 

effect of meditation expertise. To this end, we fitted a model that included Trial Type (Short, Long), State 

(OM, Distraction) and PCS (continuous variable) as fixed effects and a Decoupling index (within subject 

difference intensity-unpleasantness) as dependent measure, as well as Group (Novices, Experts) as 

additional fixed effect covariate. We observed a PCS x Trial Type interaction (χ2 (1) = 13.0, p < .001). 

Post-hoc tests revealed that, across participants, pain catastrophizing negatively predicted the degree of 

reported sensory-affective uncoupling of pain, specifically for the long but not short painful stimulations 

(long: estimate = -0.044, SE = 0.02, t(61) = -2.01, p = .048, 95% CI [-0.09, -0.00]; short: estimate = -

0.004, SE = 0.02, t(57) = -0.2, p = .83, 95% CI [-0.05, 0.04]) (Fig. S4). 

 

 

 

 

 

 

 

Supplementary Figure 2. Group difference in pain catastrophizing 

Supplementary Figure 4. Relationship between pain catastrophizing and reported sensory-affective uncoupling of 

pain.  Across participants, pain catastrophizing specifically predicted the degree of sensory-affective uncoupling of 

pain for long painful stimuli, even after controlling for the effect of meditation expertise. 
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Abstract  

Objective: Mindfulness meditation can downregulate the experience of pain. However, its specific 

underlying regulatory mechanisms are still largely unknown. Here, we aimed to investigate the role of 

cognitive defusion in mindfulness-based pain regulation. Methods: We implemented a thermal heat 

paradigm that was designed to amplify the cognitive-affective aspects of pain experience in novice (2-day 

formal training; average ~20h home practice) and expert meditators (>10.000h practice). We collected 

pain intensity and unpleasantness reports, and trait measures of pain catastrophizing assessed by the 

Pain Catastrophizing Scale (PCS), cognitive defusion assessed by the Drexel Defusion Scale (DDS), and 

cognitive fusion assessed by the Cognitive Fusion Questionnaire (CFQ), as well as of several other 

constructs commonly reported in the literature. Results: Experts reported significantly lower PCS but 

higher DDS than novices. Furthermore, across participants, the PCS and DDS were negatively correlated 

and shared unique variance that survived controlling for other mindfulness-related and other cognitive-

emotional constructs. Conversely, the relationships between PCS and other constructs commonly 

reported in the literature did not appear specific as none of the relationships survived controlling for DDS. 

In further support of the relevance of DDS to pain, both the DDS and PCS specifically predicted pain 

unpleasantness as opposed to pain intensity. However, DDS appeared a more specific predictor of pain 

unpleasantness than PCS, as the relationship between DDS and unpleasantness survived controlling for 

PCS, but not vice versa. At a reviewer’s request we further included the CFQ. While this measure 

behaved very similarly to DDS in relationship to PCS and pain self-reports, it showed a less specific 

relationship with questionnaire measures compared to DDS. Conclusions: Collectively, these findings 

highlight the central role of cognitive defusion in mindfulness-based pain regulation.  

Keywords: Mindfulness meditation, cognitive defusion, pain catastrophizing, pain affect, dereification, 

cognitive distancing, emotion regulation, meta-awareness. 

 



                                                      
 

103 
 

1. Introduction 

An early Buddhist account describes pain as being composed of two distinct “arrows”: an immediate 

physical sensation and a secondary response linked to negative mentation. It is claimed that although 

negative mentation often habitually follows awareness of unpleasant physical stimuli, this need not be 

necessarily so, as for individuals trained in mindfulness meditation it is possible to uncouple the 

immediate pain sensation from the affective reactivity to it, allowing the physical component to be fully 

experienced without concomitant emotional distress (Bodhi, 2005). 

In line with early contemplative notions, pain is now generally considered a multidimensional experience 

comprising, sensory-discriminative, affective-motivational and cognitive-evaluative dimensions (Melzack 

and Casey, 1968; Tracey and Mantyh, 2007). Furthermore, the efficacy of mindfulness-based 

interventions (MBIs) for chronic pain management is increasingly supported by the clinical literature 

(Hilton et al., 2017), whereas experimental studies indicate that mindfulness meditation is indeed primarily 

associated with reductions in pain unpleasantness as opposed to intensity in healthy participants, as 

reviewed by Zeidan et al., 2019. However, the specific cognitive mechanisms underlying mindfulness-

based pain regulation still remain largely debated (e.g. Zeidan et al., 2019). 

It has been proposed that mindfulness meditation may reduce pain by counteracting the detrimental 

effects of pain catastrophizing, which refers to “an exaggerated negative 'mental set' brought to bear 

during actual or anticipated pain experience” (Sullivan et al., 2001), and is a key predictor of increased 

pain in healthy and clinical samples (Quartana et al., 2009; Sullivan et al., 2001), as well as of the 

maintenance and exacerbation of chronic pain (Edwards et al., 2016; Gatchel et al., 2007); making it an 

important clinical treatment target. Pain catastrophizing, refers to a type of conceptual processing that is 

reactive, judgmental and, often, implicit. This can be contrasted with the specific cognitive attitude 

cultivated during mindfulness meditation, which consists of a “nonelaborative, nonjudgmental, present-

centered awareness” (Bishop et al., 2004). Thus, mindfulness and pain catastrophizing can be construed 

as antithetical constructs. 

Several studies have examined statistical relations between pain catastrophizing as measured by the 

Pain Catastrophizing Scale (PCS) (Sullivan et al., 1995), a reference standard psychometric tool for pain 

catastrophizing; and mindfulness (most frequently) as measured by the Five Facet Mindfulness 

Questionnaire (FFMQ) (Baer et al., 2006), a popular mindfulness questionnaire that purports to measure 

five mindfulness dimensions: Non-Judging, Non-Reacting, Act Aware, Observing and Describing. 

Supporting the idea that mindfulness and pain catastrophizing are antithetical constructs, these studies 

have typically observed inverse correlations between the PCS and Non-Judging, Non-Reacting and Act 

Aware (but not Observing and Describing) FFMQ facets (Day et al., 2015, Turner et al., 2016; Schutze et 

al., 2010; Elvery et al., 2017). However, the specificity of these findings is questioned by one of the 

studies, which found that none of the significant relationships between PCS and FFMQ facets survived 
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controlling for worry -an anxiety-related construct- thus underlining the need to control for other more 

general cognitive-emotional constructs when examining relations between PCS and mindfulness-related 

constructs (Day et al., 2015). Importantly, the non-specificity of the relationship between PCS and FFMQ 

facets raises the question whether there are other mindfulness-related constructs that show a more 

specific relationship to PCS.  

The question of specificity is not only relevant to elucidating the mechanisms of mindfulness-based pain 

regulation, but could also inform a larger debate. Specifically, a question at the forefront of the field is 

whether different psychosocial treatments act by specific or common mechanisms of action (Jensen, 

2011; Thorn et al., 2011). As pointed out by Day et al., 2015, addressing this question first requires a 

clear understanding of how the different statistical instruments used to measure relevant psychological 

constructs overlap before any treatment intervention. Given the centrality of pain catastrophizing to 

chronic pain, it would be particularly useful to identify psychological constructs that show a specific 

inverse relationship to –i.e. share unique variance with- pain catastrophizing, so that it can be studied 

how such constructs are similarly of differently affected by different treatment interventions. 

Another candidate cognitive mechanism underlying mindfulness-based pain regulation -with potential 

cross intervention and transdiagnostic relevance- is cognitive defusion, which refers to “the ability to gain 

psychological distance from internal experiences such as thoughts and feelings, seeing them as mere 

events in the mind rather than as accurate, truth-based reflections of reality” (Forman et al. 2012). 

Cognitive fusion (the antithesis of defusion) refers to a mental state where one is entangled in thoughts to 

the extent that they are taken literal and dominate feelings and behavior (Hayes et al., 1999; 2006). With 

mindfulness meditation, the capacity for cognitive defusion is presumably developed through the non-

reactive monitoring of experience (Lutz et al., 2015). Specifically, the sustained cultivation of a mental 

state that notices but does not engage in conceptual elaboration –facilitated by paying attention to 

present moment sensory experience- is thought to foster a change in perspective from being entangled 

into the contents of experience onto that experience. This allegedly enables one to become aware of the 

usually implicit features of one’s mental life, including the thinking process itself -a process known as 

meta-awareness. This, in turn, allows for the recognition that thoughts are simply mental events and not 

the things that they seem to represent -a capacity labeled dereification or metacognitive insight. Notably, 

while some mindfulness accounts (e.g. Lutz et al. 2015), clearly distinguish meta-awareness and 

dereification as core cognitive mechanisms of mindfulness meditation, these constructs are commonly 

treated as identical in the psychological literature of “cognitive defusion” (Hayes, 2004) and “decentering” 

(e.g., Fresco et al., 2007a). Given that we aimed to test the importance of meta-awareness and 

dereification to (mindfulness-based) pain regulation (and well-validated measures for these constructs are 

lacking), we chose to focus on cognitive defusion rather than on decentering, as, to our knowledge, the 

former is largely limited to these dimensions, whereas the latter also includes acceptance/compassion 

dimensions (see Hadash et al., 2017); which, although both relevant to mindfulness meditation, are 
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beyond the scope of the present work. Of note, cognitive defusion is not only a hypothesized action 

mechanism of mindfulness meditation, but also of acceptance-based therapies -from where the construct 

derives (Hayes et al., 1999), and of cognitive behavioral therapy (CBT), for which incidental increases in 

defusion-related constructs have been observed (Teasdale et al., 2001). Furthermore, changes in 

defusion-related constructs have already been shown to underlie therapeutic change in depression 

(Bieling et al., 2012), and social anxiety disorder (Hayes-Skelton and Lee, 2018). Nevertheless, the 

construct has received little attention in pain research, although some studies have reported positive 

associations between defusion-related constructs and improved pain outcomes in chronic pain patients 

(McCracken et al., 2013a/b, 2014). 

From the perspective of cognitive defusion, pain catastrophizing is an example of a state of high cognitive 

fusion, where pain-related thoughts such as “It’s killing me” or “this lasts forever” appear realistic and thus 

provoke fear and emotional distress (McCracken et al., 2014; Hayes et al., 1999), and, consequently, 

pain amplification (Leeuw et al., 2007). Conversely, in a meditation-related cognitively defused state, the 

same thoughts or feelings may still occur, but can be perceived from a distanced perspective as mere 

mental events that are not necessarily accurate, making them lose their representational integrity, 

diffusing emotional responding and secondary elaborative processing as a result (Kabat-Zinn, 1982, 

Chambers et al., 2009). It has been suggested that this process might produce an uncoupling of the 

sensory component of pain from its affective and cognitive dimensions (Kabat-Zinn, 1982). Thus, 

cognitive defusion and pain catastrophizing are possibly antithetical constructs with an inverse 

relationship to pain experience. The present work aimed to test this hypothesis. 

Previously, we reported evidence that low pain catastrophizing is a marker of mindfulness-related 

sensory-affective uncoupling of pain (Zorn et al. 2020). Specifically, when comparing novice (2-day formal 

training; average ~20h home practice) to expert meditators (>10.000h meditation training) during an acute 

pain task that was designed to amplify the cognitive-affective aspects of pain experience –through the 

implementation of (16s) long pain stimuli and the manipulation of pain anticipation, we found that experts 

reported significantly lower pain catastrophizing (PCS) and PCS negatively predicted sensory-affective 

uncoupling of pain (defined as the difference between intensity and unpleasantness ratings). Thus, 

participants from this experiment, and from a larger sample that did not participate in the specific pain 

experiment, provided an interesting sample to test our hypotheses. We collected two self-report 

measures of cognitive (de)fusion: the Drexel Defusion Scale (DDS; Forman et al., 2012) and the 

Cognitive Fusion Questionnaire (CFQ; Gillanders et al., 2014). Whereas the DDS is designed to measure 

defusion, the CFQ has been designed to measure cognitive fusion (Gillanders et al., 2014). As we were 

primarily interested in the regulatory mechanisms underlying mindfulness meditation (i.e. cognitive 

defusion), we chose to focus on the DDS in this work. At the request of a reviewer, we also reported CFQ 

in an exploratory manner. 
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The purpose of the current study was twofold. A first aim was to examine the relationships between pain 

catastrophizing as assessed by the PCS, and several mindfulness-related constructs, including: 1) the 

FFMQ scales, 2) the DDS, and 3) interoceptive awareness as assessed by the MAIA scale (Mehling et 

al., 2012). Based on previous research, we hypothesized that all included mindfulness constructs (except 

the Observing and Describing FFMQ scales) would be negatively correlated with the PCS. However, 

based on the theoretical notion that cognitive fusion (the antithesis of cognitive defusion) is at the root of 

what causes one to catastrophize about pain (i.e. entanglement/believing in thoughts), we expected the 

strongest negative overlap between PCS and DDS. For this reason, we also expected that the DDS 

would share unique variance with the PCS that would survive controlling for variance shared with other 

cognitive-emotional constructs such as anxiety, worry and depression, as well as for interoceptive 

awareness. A second aim was to investigate the relation of DDS and PCS to pain-related outcomes. To 

this end, we first examined their association with pain intensity and unpleasantness reports of novice and 

expert meditators collected during the acute pain task. In line with our previous report, we expected that 

PCS and DDS would both primarily predict pain unpleasantness as opposed to intensity, but in the 

opposite direction: positively and negatively respectively. We also examined the specific relationship of 

both constructs to pain self-reports, i.e. the unique predictive value of PCS and DDS to pain ratings, 

controlling for shared variance. This exploration was open-ended. 

2. Material and Methods 

2.1 Participants 

Participants were recruited for the Brain and Mindfulness ERC-funded project, which includes a cross-

sectional observational study on mindfulness meditation conducted at the Lyon Neuroscience Research 

Center from 2015 to 2018. Participants included novice and long-term meditation practitioners (hereafter 

referred to as experts), who were recruited through multiple screening stages which have been reported 

into detail elsewhere (see the Brain & Mindfulness Project Manual, Abdoun et al., 2018). Meditation-naive 

participants were recruited locally through flyers and posters in public spaces, mailing lists, Facebook, 

and notifications to research participant databases. Experts were recruited through networking by a long-

term meditation practitioner with extensive contacts with communities in multiple Buddhist meditation 

centers, predominantly in France but also internationally. Inclusion criteria included: age between 35 and 

65 years, no psychotropic drug use, no neurological or psychiatric disorder, a Beck Depression Inventory 

(BDI) score below 20, no family history of epilepsy, no severe hearing loss and affiliation to the social 

security system (mandatory for research participation in France). Pregnant and breastfeeding women 

were excluded. Novices were additionally required not to have significant experience with meditation or 

other mind-body training techniques. Experts were required to have: a minimum of 10.000 hours of formal 

practice in the Kagyu or Nyingma schools of Tibetan Buddhism, ii) followed at least one traditional 3-year 
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meditation retreat, iii) a regular daily practice in the year preceding inclusion. For experts, inclusion criteria 

were checked during a phone-interview by the long-term meditation practitioner in charge of expert 

recruitment who was extensively familiar with the meditation traditions at hand. A total of 43 novices (53.2 

± 7.0 years old, 22 females) and 27 experts (51.9 ± 8.4 years old, 12 females) were included in the 

present study. All participants underwent a medical check and provided written informed consent before 

participating in the study. The study was approved by the regional ethics committee on Human Research 

(CPP Sud-Est IV, 2015-A01472-47). 

2.2 Power analysis 

We conducted a power analysis to determine the effect sizes we had the power to detect with N = 70 (the 

number of subjects available). This revealed that we had 80% power to detect correlation coefficients with 

medium effect sizes (r = .33) at α=0.05 (two-tailed). We reckoned that this was at the low end for these 

types of studies: correlations between PCS and relevant FFMQ-scales (Non-Reacting/Non-Judging) are 

usually between r = -.20 to -.35 (Day et al., 2015; Schutze et al., 2010; Elvery et al., 2017; Turner et al., 

2016). However, our study differed from these other studies in that our sample of novices and experts 

was expected to cover an extended range of trait values compared to other more conventional samples. 

Such increased sample variance is associated with an increase in correlation coefficients and hence 

power (see methods). For this reason, and because assumptions were met (we observed an extended 

range of trait values by the inclusion of experts and higher correlation coefficients compared to the 

literature), we considered statistical power to be within acceptable levels. 

2.3 Meditation practices and novice training protocol 

Two broad styles of mindfulness meditation are Open Monitoring (OM) and Focused Attention (FA) 

meditation. Both styles are complementary and central to MBIs. Traditionally, initial FA practice is 

considered a prerequisite for OM (Lutz et al., 2008). FA involves the sustained focusing of attention of a 

selected object (e.g. the breath), non-judgmentally noticing when the mind has wandered, and redirecting 

attention back to the intended object. This is said to increase the capacity to detect distractions and to 

calm the mind. The resulting improved monitoring capacity (i.e. meta-awareness), forms the transition 

point to OM, which involves the non-selective and non-reactive monitoring of all present moment 

experience (Chambers et al., 2009; Lutz et al., 2008). The purpose of OM practices is to gain insight into 

cognitive-emotional patterns, including the realization that thoughts are not necessarily real, but mere 

mental events (i.e. dereification). It is in this sense that OM practice may promote cognitive defusion - i.e. 

psychological distance from thoughts and feelings, seeing them as mere mental events rather than as 

intrinsically real (Forman et al., 2012). Importantly, repeated meditation practice is thought to foster trait 

change, including in the capacity for cognitive defusion (Lutz et al., 2015). Novices were initially 
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meditation-naïve -including when trait measures were obtained, but extensively familiarized with both 

practices during a meditation weekend led by an experienced meditation teacher (see Abdoun et al., 

2019 for an extensive description of the training protocol). Subsequently, novices participated in the pain 

paradigm having, on average, ~20h of home (FA and OM) practice experience (see Zorn et al., 2020). 

Experts were extensively familiar with both practices, including with an advanced style of OM labeled 

Open Presence (OP) (Rangdrol,  2011). In this state, control-oriented elaborative processes are reduced 

to a minimum and a suspension of subject-object duality (non-duality) is also reportedly involved. These 

features are thought to further strengthen the practitioner’s capacity for cognitive defusion. To summarize, 

the total sample could be expected to range from low to moderate (novices) to high (experts) cognitive 

defusion, which we considered a strength of the present work as it provided an extended range to study 

relationships between constructs. 

2.4 Questionnaires 

All participants filled a battery of self-administered questionnaires (for a complete overview, see the Brain 

& Mindfulness Project Manual, Abdoun et al., 2018). Novices filled the questionnaires prior to participation 

in the meditation weekend. Experts filled their questionnaires either during their visit or from home 

afterwards. Questionnaires included in the present work are listed below.  

Drexel Defusion Scale (DDS) 

The DDS is a 10-item questionnaire that measures one’s ability to distance themselves from a variety of 

psychological experiences. The questionnaire starts with an extensive introduction on the concept of 

defusion that is intended to help respondent’s understand the construct. Participants are asked to indicate 

the degree to which they would be able to defuse from hypothetical situations with negative thoughts or 

feelings on a 6-point Likert scale ranging from ‘‘not at all’’ (0) to ‘‘very much’’ (5). Higher scores indicate 

higher cognitive defusion. The DDS has shown good preliminary internal consistency (a = 0.83), and high 

convergent and divergent validity (Forman et al., 2012). 

 
Cognitive Fusion Questionnaire (CFQ) 

The CFQ is a 7-item questionnaire that measures cognitive fusion (Gillanders et al., 2014). Participants 

are asked to indicate to what degree statements about cognitive fusion apply to them in general on a 7-

point Likert (1= Never true; 7 = Always true). Items are combined to yield a total score. The CFQ showed 

good internal consistency (α = .88 to .93 for different samples) and convergent and divergent validity in its 

initial validation (Gillanders et al., 2014). 
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Pain Catastrophizing Scale (PCS) 

The PCS is a 13-item questionnaire that asks respondents to reflect on past painful feelings and to 

indicate to what degree they experienced different pain-related thoughts or feelings on a 5-point Likert-

scale from 0 (not at all) to 4 (all the time). The PCS comprises three subscales of rumination, 

magnification and helplessness which are combined to yield a total score. Higher scores reflect higher 

pain catastrophizing (Sullivan et al., 1995). The PCS has been found to show excellent internal 

consistency (a = 0.93), concurrent and discriminant validity (Osman et al., 1997), and good test-retest 

reliability over a 6-week period (r = 0.75) (Sullivan et al., 1995).   

 
Five Facet Mindfulness Questionnaire (FFMQ) 

The FFMQ is a 39-item questionnaire that measures five purported mindfulness dimensions including: 

Observing (noticing or attending to internal/external experiences), Describing (labeling internal 

experiences with words), Acting with awareness (attending to present moment experience), Non-Judging 

(adopting a non-evaluative stance towards thoughts and feelings) and Non-Reacting (allowing thoughts 

and feelings to pass). Participants indicate to what degree they experience these dimensions in their daily 

life on a 5-point Likert-type scale ranging from 1 (never or very rarely true) to 5 (very often or always true). 

Scores are calculated separately for subscales, with higher scores reflecting higher mindfulness. The 

FFMQ facets have been found to demonstrate adequate to good internal consistency, with alpha 

coefficients ranging from .75 to .91 (Baer et al., 2006).    

 
Multidimensional Assessment of Interoceptive Awareness (MAIA) 

The MAIA is a 32-item questionnaire that measures different aspects of interoceptive body awareness 

including: Noticing, Not Distracting, Not Worrying, Attention Regulation, Emotional Awareness, Self-

Regulation, Body Listening, Trusting. Responses are provided on 6-point Likert-scales that range from 0 

(Never) to 5 (Always). The different subscales have adequate to excellent internal consistency (α = .66 to 

.87). Scales can be combined to yield a total score. Higher scores indicate higher positive interoceptive 

awareness (Mehling et al., 2012).  

 
Penn-State Worry Questionnaire (PSWQ) 

The PSWQ is a 16-item questionnaire that measures the propensity to worry, using Likert rating from 1 

(not at all typical of me) to 5 (very typical of me). A total score can be calculated, and higher scores 

indicate higher trait worry (Meyer et al., 1990). The PSWQ has shown good internal consistency with 

alpha coefficients ranging from .88 to .95 (Startup and Erickson, 2006), and good test-retest reliability 

over 8-10 weeks (r= 0.92) (Meyer et al., 1990). 
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State-Trait Anxiety Inventory (STAI) 

The STAI is a 40-item questionnaire that measures state and trait anxiety. For the purpose of the current 

study we only used the STAI trait scale (20-items) which asks respondents to describe how they generally 

feel. All items are rated on a 4-point scale, from 1 (almost never) to 4 (almost always). Higher scores 

indicate greater anxiety. The STAI has shown good internal consistency with alpha coefficients ranging 

from .86 to .95, and test-retest reliability coefficients ranged from .65 to .75 over a 2-months period 

(Spielberger., 1983). 

 
Beck Depression Inventory (BDI) 

The BDI is a 21-item questionnaire that measures characteristic attitudes and symptoms of depression. 

Each question has four scores ranging from 0 (symptom not present) to 3 (symptom very intense). A total 

sum score is calculated to reflect depression severity (Beck, et al., 1961). The BDI-I has shown good 

internal consistency with alpha coefficients of .86 and .81 for psychiatric and non-psychiatric populations 

respectively, and good concurrent and discriminant validity (Beck et al . 1988).   

 
2.5 Acute pain paradigm 

2.5.1 Inclusion 

A subsample of included participants participated in an acute pain paradigm that was conducted in an 

fMRI-scanner (neuroimaging results will be published in a separate publication). To be eligible for this 

experiment, participants had to be MRI-compatible (absence of claustrophobia/internal magnetic objects). 

Novices were additionally required to have a pain sensitivity equal to or higher than 47 C˚: comparable to 

the higher pain thresholds that have been observed for experienced practitioners in previous studies (Lutz 

et al., 2013; Grant et al., 2011). This served to avoid the introduction of artificial group differences in 

neuroimaging analyses. A subset of 29 novices (13 females) and 25 experts (12 females) met the 

additional inclusion criteria and participated in the acute pain paradigm. 

 
2.5.2 Pain calibration 

The pain calibration procedure has been described in detail elsewhere (Zorn et al., 2020). Briefly, painful 

stimuli were provided by a TSA 2001-II thermal stimulator (Medoc Advanced Medical Systems, Haifa, 

Israel) with a 30 mm × 30 mm flat thermode applied to the palmar side of the left wrist. Using the method 

of limits (Fruhstorfer et al., 1976), all participants underwent an initial calibration procedure to determine 

their pain sensitivity corresponding to a subjective pain level of 7 on a scale of 0 (“no pain”) – 10 (“the 

worst pain imaginable’’). A second finer calibration procedure was performed to determine the optimal 

temperature for a 16s long heat stimulation that would be used during the experiment itself.  
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2.5.3 Experimental design 

The experimental setup and behavioral results of the acute pain paradigm have been reported into detail 

elsewhere (Zorn et al., 2020). Briefly, the task was designed to amplify the cognitive-affective aspects of 

pain experience: through the implementation of long tonic-like pain stimuli, which have been suggested to 

better mimic chronic pain states (Racine et al., 2012), and the manipulation of pain anticipation, which 

may induce anxious pain anticipation (e.g. Ploghaus et al, 2001). Participants received short (8s) and 

long (16s) noxious thermal heat stimuli (pain level of 7) intermixed with 16s nonpainful warm control 

stimuli (6 degrees cooler). All stimuli were applied to the palmar side of the left wrist. During anticipation 

and reception of thermal stimuli, participants performed one of two task conditions: Open Monitoring 

meditation (OM) or a Distraction control condition (DIS) that was intended to prevent participants from 

cultivating a meditative stance towards pain. See Figure 1 for more details on the experimental paradigm. 

See Supplementary Information 1 for full task instructions. 

 

 

 
 

 

 

 

 

 

 

Figure 1. Schematic illustration of the experimental paradigm. Each trial started with a 5-8 sec introductory 
period. A 2s veridical visual cue then appeared that indicated whether the temperature of the upcoming stimulation 
would be nonpainful warm (image of radiating heat) or painful hot (image of burning flames), followed by a 5-8 s 
anticipation period before stimulus onset. A thermal stimulation (to the palmar side of the left wrist) was then 
delivered. A second visual cue (3-6 s after stimulus onset) informed participants about whether the unfolding 
stimulation would be short (8 s) or long (16 s) (and served a psychological relief manipulation not reported here). 
Nonpainful warm stimuli were always long and provided a baseline control condition for the MRI. Following 
stimulus offset, a 5-8 s rest period preceded the presentation of two rating scales (5 s each) (see main text for 
rating types). During each trial, a simple single-digit number (1-3) was presented every 2 s from the start of the trial 
until rating scales were displayed (see black horizontal bars). Subjects randomly alternated between two task 
conditions: Distraction, involving the mental addition of the numbers and a blocking of all pain experience or OM 
involving the cultivation of an open attitude to pain (and no mental addition). Participants received a total of 10 
thermal stimuli for each combination of trial type (Short Hot; Long Hot; Long Warm) by task condition (OM; 
Distraction); 60 thermal stimuli in total. ITI: intertrial interval (adapted from Zorn et al. 2020). 
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2.5.4 Pain ratings 

After each thermal stimulation, participants provided two self-reports using 1-9 Item Likert scales. 

Questions were presented randomly and included questions on pain intensity, unpleasantness (and relief 

not reported here). Participants were informed that pain intensity referred to the sensory aspect of stimuli; 

whereas pain unpleasantness related to their affective reaction to it (i.e. how much it bothered them). 

Additionally, task performance was probed (OM: quality of meditation; DIS: final sum addition task) and 

analyzed as part of our previous report (Zorn et al., 2020), leading to the exclusion of 1 expert due to poor 

counting task performance. This expert was also excluded from the analyses of the associations between 

pain ratings and trait scores in the present work. See Supplementary Information 2 for an overview of 

rating scale questions and frequency of presentation.  

2.6 Analysis 

All statistical analyses were performed using R version 3.4.4 (R Core Team, 2017).  

Correlations. We used zero-order correlations and partial correlations to explore the relationships 

between traits, and between traits and pain ratings. One benefit of our sample combining novices and 

experts is that it offers extended ranges of values on all measures, and therefore provides higher 

sensitivity for correlational analyses (Bland and Altman 2011). However, a limitation of such a sample is 

that it cannot be directly compared to the existing literature, as the extended range is expected to produce 

higher correlation coefficients compared to typical samples composed of either healthy or clinical 

participants, with more restricted ranges. In order to allow for a quantitative comparison of our results with 

those previously reported in the literature (notably between PCS and other trait questionnaires), we re-

estimated the correlation coefficients after restricting the range of our data to typical ranges by mean-

centering each group of participants. As most of the measures could be affected by age (Cassidy et al., 

2012) or sex (Keogh, 2006), covariates (e.g. sex, age) were regressed out by adding them as controlling 

variables. Group differences on these scores were tested using Wilcoxon-Mann-Whitney tests which are 

more robust to violations of assumptions required by equivalent parametric tests. 

Pain ratings. Pain self-reports have been analyzed in depth in a separate publication  (Zorn et al., 2020), 

in which we showed that, across task conditions and groups, PCS negatively predicted sensory-affective 

uncoupling of pain specifically for long but not short trial types -in line with the idea that tonic-like pain 

stimuli better mimic chronic pain states (Racine et al., 2012). Given that the present work aimed to study 

the respective relationship of PCS and DDS to sensory and affective pain dimensions, we here chose to 

limit our analyses to long pain stimuli, which provided the most sensitive test. Furthermore, given that we 

were interested in studying the relationship between trait measures and pain experience, pain ratings 

were averaged across states to obtain trait-like scores for each subject, for each pain dimension (intensity 

and unpleasantness). Finally, to allow us to test specifically whether trait measures predicted pain 
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intensity, unpleasantness or both - usually complicated by the high correlation between these measures, 

pain intensity was partialled out from the correlations between trait scores and pain unpleasantness (and 

vice versa). 

3. Results 

3.1 Concurrent validity of DDS and PCS 
 
As Table 1 shows, all scales and subscales had good to excellent internal consistency as indexed by their 

Cronbach’s alpha coefficients. In addition, Table 1 shows, for each scale and subscale, means, standard 

deviations and sample size for the total sample (first row), and Novice (second row) and Expert (third row) 

group, including a test for group differences as assessed by Wilcoxon-Mann-Whitney tests and Cohen's d 

standardized measure of effect size (fourth row). All group differences reached statistical significance, 

with experts scoring higher on mindfulness-related measures including DDS, CFQ, MAIA and FFMQ 

scales, but lower on measures of general negative cognitive-emotional constructs including, PCS, PSWQ, 

STAI and BDI compared to novices. 

 
 

 

 

 

 

 

 

 

 

Table 1. Summary data for psychometric scales. The first line displays Cronbach’s alpha coefficients (α) for 

each scale and subscale. Further displayed for each scale and subscale are means, standard deviations and 

sample sizes for all participants (first row), Novices (second row) and Experts (third row), including a test for 

group differences as assessed by Wilcoxon-Mann-Whitney tests and Cohen's d standardized measure of effect 

size (fourth row). Pain Catastrophizing Scale, DDS: Drexel Defusion Scale, CFQ: Cognitive Fusion 

Questionnaire, FFMQ: Five Facet Mindfulness Questionnaire (subscales: OBS: Observing, DESC: Describing, 

ACT: Acting with Awareness, nJDG: Non-Judging, nRCT: Non-Reacting), MAIA: Multidimensional Assessment 

Interoceptive Awareness, PSWQ: Penn-State Worry Questionnaire, STAI: State-Trait Anxiety Inventory, BDI: 

Beck Depression Inventory. 
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For further analyses, data from Novice and Expert groups were combined (see methods). Pooled data 

showed a smooth bivariate distribution (see Supplementary Figure 1), legitimating the use of correlation 

coefficient as a measure of association between trait variables across the entire pool of participants. 

Table 2 shows correlations between PCS and other commonly associated psychological constructs after 

regressing out gender and age from all variables. First, we assessed correlations between PCS and other 

constructs (top two rows), with and without controlling for groups (see methods). As predicted, the 

mindfulness-related construct that showed the highest correlation with PCS was the DDS (R=-.64), which 

was higher than the correlation of the MAIA (R=-.55) and the different FFMQ scales (Non-Judging: R=-

.45; Non-Reacting: R=-.55; the FFMQ scales typically showing the highest correlations with PCS as 

here). Of note, the PCS also showed moderate to strong positive correlations with other general negative 

cognitive-emotional constructs including PSWQ (R=.58), STAI (R=.52) and BDI (R=.47). Controlling for 

groups (allowing correlation coefficients to be compared with existing literature; see methods), did not 

fundamentally change these results, except that PCS was no longer correlated with the FFMQ facets of 

Observing (R=-.20) and Describing (R=-.16) (as predicted) and Acting with Awareness (R=-.13) (contrary 

to prediction). These findings provided initial support for our hypothesis that DDS is a core antithetical 

construct to PCS. As a next step, we explored the concurrent validity between DDS and PCS. Partial 

correlations (third row) showed that correlations between PCS and other scales were no longer significant 

when controlling for DDS, with the notable exception of PSWQ (worry) (.25), suggesting that relationships 

between PCS and other commonly associated constructs are not specific but underlain by a single 

construct captured by DDS. In contrast, the relationship between PCS and DDS was found to be highly 

specific as it survived controlling for each of the other scales (fourth row). In accord with these findings, 

DDS demonstrated (moderate to) high correlation (i.e. shared variance) with all other constructs (see fifth 

row), that was maintained when controlling for groups (bottom row). Collectively, these findings offer 

compelling support for the concurrent validity of DDS in relation to PCS, in line with our central 

hypothesis. 
 
At a reviewers’ request, analyses were repeated in an exploratory manner, exchanging DDS for CFQ -

another measure of cognitive (de)-fusion; see Table 3. In doing so, we found that CFQ demonstrated a 

very similar pattern of correlations with other constructs compared to DDS (first two rows). This is 

consistent with CFQ being highly correlated with DDS in our sample (R=-.79; R=-.65 controlling for 

groups). Further in line with these findings, CFQ also behaved very similarly to the DDS with respect to 

PCS. Specifically, after controlling for CFQ, the relationships between PCS and all other constructs were 

strongly attenuated and only the associations with MAIA, PSWQ and the Non-Reacting facet of FFMQ 

remained significant (third row). In further similarity to DDS, the relationship between PCS and CFQ was 

robust to controlling for variance shared with each other construct (last row). However, what set the DDS 

and CFQ apart was that the DDS explained most of the shared variance between PCS and CFQ, while 

the reverse was not true (see third and fourth row of first column respectively). 
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Table 2. Correlations between pain catastrophizing and commonly associated psychological 
constructs and zero-order and partial correlations DDS. The top two rows display zero-order correlations 

between PCS and other scales (controlling and not controlling for groups). Subsequently displayed are partial 

correlations between PCS and each other scale, controlling for DDS (third row), and between PCS and DDS 

controlling for each other scale (fourth row). The bottom two rows display zero-order correlations between 

DDS and other scales (controlling and not controlling for groups). Gender and age were regressed out from all 

variables. PCS: Pain Catastrophizing Scale, DDS: Drexel Defusion Scale, CFQ: Cognitive Fusion 

Questionnaire, FFMQ: Five Facet Mindfulness Questionnaire (subscales: OBS: observe, DESC: describe, 

ACT: act with awareness, nJDG: non-judgment, nRCT: non-reactivity), MAIA: Multidimensional Assessment of 

Interoceptive Awareness, PSWQ: Penn-State Worry Questionnaire, STAI: State-Trait Anxiety Inventory, BDI: 

Beck Depression Inventory. Significance values: *: p<.05, **: p<.01, ***: p<.001. 

Table 3. Zero-order and partial correlations CFQ. The top two rows display zero-order correlations 

between DDS and other scales (controlling and not controlling for groups). Subsequently displayed are partial 

correlations between PCS and each other scale, controlling for CFQ (third row), and between PCS and CFQ 

controlling for other scales (fourth row). Gender and age were regressed out from all variables. PCS: Pain 

Catastrophizing Scale, DDS: Drexel Defusion Scale, CFQ: Cognitive Fusion Questionnaire, FFMQ: Five Facet 

Mindfulness Questionnaire (subscales: OBS: observe, DESC: describe, ACT: act with awareness, nJDG: non-

judgment, nRCT: non-reactivity), MAIA: Multidimensional Assessment of Interoceptive Awareness, PSWQ: 

Penn-State Worry Questionnaire, STAI: State-Trait Anxiety Inventory, BDI: Beck Depression Inventory. 

Significance values: *: p<.05, **: p<.01, ***: p<.001. 
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3.2 Relationship between traits (PCS, DDS) and sensory and affective pain self-reports 
 
Next, we investigated the unique and respective roles of DDS and PCS in predicting pain-related 

outcomes. To this end, we assessed their respective correlation with intensity and unpleasantness ratings 

of novice and expert meditators collected during an acute pain task. We first re-analyzed pain self-reports 

for long pain stimuli only (see methods). A simple ANOVA model of subjects’ average long pain ratings 

yielded a significant Group (Novices/Experts) x Rating Type (Intensity/Unpleasantness) interaction (χ2 (1) 

= 13.16, p <.001). In line with our previous report (Zorn et al., 2020), this interaction was driven by experts 

reporting significantly lower pain unpleasantness than novices (estimate = -1.81, 95% CI = [-2.52,-1.05], 

t(59) = -5.1, p < .0001), whereas pain intensity reports did not differ between groups (estimate = -0.70, 

95% CI = [-1.42,0.02], t(59) = -1.9, p = .057). We then tested our hypothesis that PCS and DDS would 

both primarily predict pain unpleasantness as opposed to pain intensity but in opposite direction. Pooled 

data again followed a smooth bivariate distribution (see Supplementary Figure 2). Results for the 

respective relationship of DDS and PCS to pain outcomes are displayed in Figure 1. As predicted, pain 

intensity was not significantly correlated with neither DDS (R=.21, 95% CI [-.06 .45], p>.13) nor PCS (R=-

.18, 95% CI [-.43 .09], p>.19) (upper left plot, controlled for pain unpleasantness). By contrast, pain 

unpleasantness was significantly negatively correlated with DDS (R=.-55, 95% CI [-.71 -.32], p<.0001), 

and positively with PCS (R=.49, 95% CI [.25 .67], p<.001) (upper right plot; values outside brackets, 

controlled for pain intensity). Further assessing the specificity of these relationships, we found that the 

relationship between DDS and unpleasantness survived controlling for PCS (R=.-33, 95% CI [-.55 -.06], 

p=.016), whereas the relationship between PCS and unpleasantness, was not significant when controlling 

for DDS (R=.20, 95% CI [-.08 .45], p>.16) (upper right plot; values between brackets). Taken together, 

these findings suggest that PCS and DDS indeed both specifically predict pain unpleasantness as 

opposed to pain intensity, but in the opposite direction, positively and negatively respectively, and that 

DDS is a more specific predictor of pain unpleasantness than PCS. 

 

At a reviewers’ request, analyses were again repeated in an exploratory manner, exchanging DDS for 

CFQ (see Figure 1). Like DDS, CFQ was not significantly correlated with pain intensity (R=-.09, 95% CI [-

.35 .18], p>.51) (lower left plot, controlling for pain unpleasantness). In further similarity to DDS, CFQ was 

significantly correlated with pain unpleasantness (R=.46, 95% CI [.22 .65], p<.001) (lower right plot; 

values outside brackets, controlling for pain intensity). However, the CFQ differed from the DDS in that its 

relationship with the unpleasantness did not appear specific as it did not survive controlling for PCS (R=.-

24, 95% CI [-.04 .48],  p>.09), while, conversely, the relationship between PCS and unpleasantness did 

survive controlling for CFQ (R=.30, 95% CI [.03 .53], p=.033) (lower right plot; values between brackets). 
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4. Discussion 

This study built on previous work in which we presented preliminary evidence that lower trait pain 

catastrophizing (PCS) is an important marker of mindfulness-based sensory-affective uncoupling of pain 

experience. Using the same sample of novice (~20h of practice) and expert meditators (>10.000h of 

experience), we here aimed to explore the regulatory cognitive mechanisms of mindfulness meditation 

underlying such effects: testing the hypothesis that cognitive defusion, as measured by the DDS, is a core 

cognitive mechanism underlying mindfulness-based pain regulation with a unique and specific inverse 

Figure 2. Relationships between trait and pain self-reports. The top two plots display the relationships of DDS 

and PCS (circles) to pain ratings (squares) of pain intensity (controlled for pain unpleasantness) (left) and pain 

unpleasantness (controlled for pain intensity) (right). Values outside brackets zero-order correlation coefficients 

and values inside brackets are partial correlation coefficients (controlled for the respective other trait construct). 

Line widths are proportional to the corresponding partial correlation coefficients. The bottom two plots display the 

equivalent results for CFQ. int: pain intensity, unpl: pain unpleasantness, PCS: Pain Catastrophizing Scale, DDS: 

Drexel Defusion Scale. Significance values: *: p<.05, **: p<.01, ***: p<.001. 
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relationship to PCS and an opposite relation to (affective) pain experience. At reviewer’s request, 

analyses were repeated, substituting DDS for CFQ, another measure of cognitive (de-)fusion. 

As predicted, the DDS emerged as a core antithetical construct to PCS. Specifically, we found that DDS 

and PCS were negatively correlated and shared unique variance that survived controlling for other 

mindfulness-related constructs, including FFMQ facets and interoceptive awareness (MAIA), and 

common negative-affective cognitive-emotional constructs, including anxiety (STAI), depression (BDI), 

and worry (PSWQ). Conversely, the relationships between PCS and other constructs, with the exception 

of the PSWQ (but including Non-Judging/Non-Reacting FFMQ facets), were no longer significant when 

controlling for DDS: questioning the specificity of these relationships to PCS. The CFQ, designed to 

measure cognitive fusion, behaved very similarly to DDS: also strongly attenuating the relationship 

between PCS and other constructs and showing a specific relationship to PCS that survived controlling 

for the other constructs. However, the relationship between DDS and PCS survived controlling for CFQ, 

but not vice versa, suggesting that DDS in particular captured variance unique to PCS. The significance 

of DDS to pain was further supported by the finding that DDS was a more specific predictor of pain 

unpleasantness than PCS. This was not the case for CFQ, again suggesting that DDS was the more 

relevant construct in relation to pain. The significance of these findings will be discussed further below. 

 

Firstly, the results supported the hypothesis that cognitive defusion is a core cognitive mechanism of 

mindfulness-based pain regulation. Experts reported markedly higher DDS than novices, the DDS 

showed a specific negative association with PCS across participants, and, like the PCS, the DDS 

specifically predicted pain unpleasantness as opposed to pain intensity, but positively and negatively 

respectively. Hence, the results offer compelling preliminary evidence that cognitive defusion (DDS) is an 

important psychological process underlying the positive pain regulatory effects of mindfulness meditation 

(i.e., sensory-affective uncoupling of pain). It is noteworthy that DDS appeared as a more specific 

predictor of pain unpleasantness than PCS (which was reduced to non-significance after controlling for 

DDS). This is remarkable, given that the PCS is widely regarded as one of the most potent predictors of 

increased pain (e.g. Keefe et al., 2004; Gatchel et al., 2007). Nevertheless, replication in longitudinal 

studies and other samples, including clinical populations, is warranted before any conclusive results can 

be drawn. 

Secondly, we included both the DDS (Forman et al., 2012), designed to measure cognitive defusion, and 

the CFQ (Gillanders et al., 2014), designed to measure cognitive fusion, which allowed a respective 

comparison of these constructs. Both measures are fairly recent and lack extensive validation. However, 

two recent reports performing factor analyses on decentering/defusion-related constructs (Naragon et al., 

2017; Hadash et al., 2017), are reassuring concerning their construct validity. Briefly, both studies found 

very similar two-factor solutions, where the DDS largely mapped onto the first factor and the CFQ largely 

onto the second. Both studies interpreted the first factor as reflecting disidentification from internal 
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experience and the second factor as reflecting (reduced) automatic reactivity to thought content. Both 

studies also observed similar expected divergent associations with criterion variables. Specifically, the 

first factor (intentional disidentification from internal experience) was primarily associated with FFMQ Non-

Reactivity, whereas the second factor (reduced) (automatic reactivity to thought content) was primarily 

associated with measures of negative thinking, including worry, rumination, anxiety and depression 

symptoms. Collectively, these studies suggest that DDS reflects disidentification with experience and the 

CFQ automatic reactivity (Hadash et al., 2017). In further support of this interpretation, the first factor 

(DDS) but not second factor (CFQ) predicted self-reported disidentification during a meta-awareness with 

disidentification manipulation in one of the studies (Hadash et al., 2017). In line with this earlier work, we 

found largely similar association patterns, with DDS showing strongest associations with FFMQ Non-

Reactivity, and the CFQ (mildly) stronger associations with indices of emotional reactivity (anxiety and 

depression). Interestingly, our results, additionally, suggest that the DDS (but not CFQ) has incremental 

predictive power in predicting PCS over FFMQ Non-Reactivity, as the relationship between DDS and PCS 

survived controlling for the latter but not vice versa. The FFMQ Non-Reactivity scale specifically 

measures non-reactive observation of inner experience (Baer et al., 2006). Therefore, one interesting 

possibility is that the incremental validity of DDS (to FFMQ-Non-Reactivity) reflects disidentification with 

experience (rather than mere non-reactivity). This would be in line with some mindfulness accounts (Lutz 

et al., 2015) hypothesizing that dereification (i.e. not taking thoughts to be real) together with meta-

awareness are critical aspects underlying the beneficial effects of mindfulness-meditation, such as non-

reactivity or equanimity, on emotion regulation. Future research, ideally aided by the development of 

psychometric scales measuring dereification/disidentification with experience, is required to further 

investigate this interesting possibility. This research should also include an effort to develop a measure of 

cognitive defusion in expert meditators in non-dual mindfulness as the ones studied in the present study. 

According to them, cognitive defusion is a capacity which can apply not only to the contents of experience 

(thoughts, emotions, bodily sensations), as measured by the DDS, but also to subjective features such as 

the sense of being a permanent self, or the duality subject and object (Dunne et al. 2011). One 

noteworthy observation is that the CFQ and DDS were highly correlated in the present work (-.65; 

controlling for groups), but not in previous work (0.07 to 0.28) (Naragon et al., 2017; Hadash et al., 2017). 

The reason for this difference is unclear. However, we included a sample that was highly familiar with the 

concept of cognitive defusion (experts) and a sample interested in the subject of meditation (novices), as 

opposed to more regular healthy or clinical samples in other studies, which might have influenced these 

results. More research in diverse samples could potentially clarify this issue. 

Thirdly, our findings inform a larger literature interested in identifying antithetical constructs to PCS. Most 

such studies to date have explored relationships between PCS and FFMQ facets in clinical (Day et al., 

2015, Turner et al., 2016; Schutze et al., 2010), and healthy samples (Elvery et al., 2017). Although these 

studies all found that PCS correlated negatively with Non-Judging/Non-Reacting FFMQ facets in 

particular, one of the studies also found that these were no longer significantly related to PCS when 
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controlling for worry as assessed by the PSWQ (Day et al., 2015). According to the authors of that study 

this finding might be explained by the fact that many of the FFMQ facets have content that appear related 

to anxiety, worry, or negative affectivity. Such lack of sufficient divergent validity is congruent with a high 

degree of correspondence reported between mindfulness scores, on the one hand, and stress (Goldberg 

et al., 2014; Stanley et al., 2011), and personality factors (Siegling and Petrides, 2014), on the other. And 

could as well explain other counterintuitive results in the literature, for instance, Non-Reactivity being 

associated with a stronger association between pain intensity and pain catastrophizing (Jensen et al., 

2018), and Non-Judging and Acting with Awareness with amplified negative effects of catastrophizing 

(Dorado et al., 2018). Our finding suggests that the relationship between DDS and PCS is a more specific 

one, as was expected based on our, and others (Kabat-Zinn, 1982; McCracken et al., 2013a), theorizing 

that cognitive defusion, or rather the lack thereof, is a construct at the root of what causes one to 

catastrophize about pain: namely being entangled in thoughts and consequently taking thoughts to be 

phenomenologically real instead of mere mental events that do not necessarily need to be reacted upon. 

Fourthly, our findings contribute to a larger discussion on whether different effective psychosocial 

treatment interventions act by distinct or common cognitive mechanisms of action. Illuminating this 

question first entails achieving a better insight into the specific mechanisms underlying different treatment 

effects (Jensen, 2011; Thorn et al., 2011). Our finding that the DDS is a specific antithetical construct to 

PCS that might underlie mindfulness-based pain regulation is particularly interesting in this light, because 

defusion/decentering-related constructs have been hypothesized to be transdiagnostic therapeutic 

mechanisms of change that are shared across different psychosocial treatment interventions (e.g. Mennin 

et al., 2013; Bernstein et al., 2015). In line with this idea, Baquedano et al. found that, compared to self-

immersion, a cognitive defusion stance reduces food-related salivation and automatic food bias (Papies 

et al., 2012; Baquedano et al, 2017). Segal and colleagues showed that the posttreatment growth of 

mindfulness-related regulatory capacity decreases depression relapse, and that this growth was mediated 

specifically by the capacity to develop the skill to decenter thoughts, a construct overlapping with 

cognitive defusion (Farb et al., 2018). In this special issue, Barnhofer et al, further reported that a MBI 

compared to psycho-education and rest specifically increased decentering, decreased brooding and 

decreased symptoms in depressed patients and that these changes were correlated to a reduced 

dorsolateral prefrontal cortex activation during an implicit emotion regulation (Barnhofer et al. in press). 

Similar, results have been observed with other treatment interventions including CBT (Teasdale, 2001; 

Fresco et al., 2007b). Our results suggest that these effects extend to the context of pain regulation, 

which is congruent with the fact that cognitive defusion, by its very definition, is a construct relevant to 

emotion regulation in general. That is, the construct of defusion focuses on a cognitive process rather 

than on cognitive content, and thus all emotional disorders where maladaptive cognitive schema are 

central (irrespective of their content) should be amenable to positive change by the promotion of cognitive 

defusion. 
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Limitations 

This study had several limitations. First, the very specific sample under study, including healthy novice 

and expert meditators, warrants more research into the transferability of findings to the clinical domain. 

Second, the cross-sectional nature of the study did not allow for causality attributions, which requires 

future longitudinal work. Third, the study built on self-reports, which although readily accepted in pain 

research, are also susceptible to demand characteristics (Orne, 1962; Weber and Cook, 1972). However, 

we consider it unlikely that these were primarily driving the results, given that the main interest of this 

work was the specificity of effects which is less likely to be influenced by this type of effect. Fourth, 

novices engaged in a meditation intervention in between the collection of trait self reports and pain self-

reports, which posed a potential confound. However, given the brevity of the intervention (~20h), we 

consider it unlikely that this unduly influenced results (see also previous point). A last limitation arose from 

the DDS, which includes an extensive introduction on the concept of cognitive defusion, which might 

induce desirable responding and asks respondents to indicate to what degree they would be able to 

defuse from hypothetical vignettes, which might cause overlap with (estimated) self-efficacy (e.g. 

Gillanders et al., 2014). Future work should assess whether these concerns are justified. 

5. Conclusion 

This study shows that cognitive defusion specifically and negatively correlated with pain catastrophizing 

and has an inverse and positive relationship to sensory-affective uncoupling of pain. Overall, these 

findings highlight the central role of cognitive defusion as a positive regulatory mechanism of mindfulness-

related pain regulation. These findings are promising to the clinical domain and warrant more research on 

this interesting construct.    
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Supplementary Information 1 

 
Written instructions 

Distraction condition: Concentrate your mind on the numbers and visual cues on the screen. Whenever a 

new number appears, mentally add it to the total sum of the previous number(s). You should focus your 

attention only on the numbers and the cues. Block all other emotions, sensations, or thoughts that may 

arise during the calculation task. Be very focused so that you don't miss any number or cue. 

 
OM condition: Start to anchor your attention in your body. Simply rest your body. Relax your muscles. 

Rest your mind without blocking anything. Allow everything to arise in the field of awareness as it is in the 

present moment. The body and the mind rest in unity. Gently watch the numbers and the cues appear on 

the screen. Pay attention to cues, while not doing anything in particular with the numbers. When the 

thermal stimulus arises, gently let it be a support for your attention. You know that you are feeling the 

sensation; you recognize it, while resting the mind on this support. While resting your attention on the 

thermal sensation, thoughts, or emotions may arise. Just let them be in the vast field of your awareness 

while remaining at ease in the present moment. 

 
Auditory  instructions 

Distraction condition: Concentrate your mind on the number and the visual cues on the screen. You 

should focus your attention completely on the screen and the counting task. Block all the emotions, 

sensations and thought that arise during this task. Be very concentrated so that you don’t miss any 

number or visual cue. 

 
OM condition: Relax your body and your mind, there is no need to block anything. When the heat 

stimulation starts, gently be aware of it. Be aware of your experience of this sensation and let your mind 

relax with it. When any thoughts or emotions arise, let them be there in the vast space of your awareness. 
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Supplementary Information 2 

 

Different self-report questions: 

‘Intensity: How hot was the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely hot 

‘Unpleasantness: How much did the stimulation bother you?’  

Labels: 1 = Not at all, 9: Extremely 

‘Relief’: How relieved where you by the end of the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely 

 ‘Meditation Instruction’: To what degree where you able to follow the instruction?’ 

Labels: 1 = Not at all, 9: Completely 

‘Addition’: What is the total sum of the numbers that were presented?’ 

5 different two digit-numbers were presented, one of which was the correct answer. 

Presentation frequency: 

OM condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Meditation 4 x Meditation 4 x Meditation 

Distraction condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Addition 4 x Addition 4 x Addition 
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Supplementary Figure 1. Distribution of trait self-reports in relation to PCS. Pooled data showed a smooth bivariate 

distribution across Novices and Experts. PCS: Pain Catastrophizing Scale, DDS: Drexel Defusion Scale, Cognitive Fusion 

Questionnaire, FFMQ: Five Facet Mindfulness Questionnaire (subscales: OBS: observe, DESC: describe, ACT: act with 

awareness, nJDG: non-judgment, nRCT: non-reactivity), MAIA: Multidimensional Assessment of Interoceptive Awareness, 

PSWQ: Penn-State Worry Questionnaire, STAI: State-Trait Anxiety Inventory, BDI: Beck Depression Inventory. 

Supplementary Figure 2. Distribution of trait-self reports in relation to pain ratings. Pooled data showed a smooth 

bivariate distribution across Novices and Experts. PCS: Pain Catastrophizing Scale, DDS: Drexel Defusion Scale, CFQ: 

Cognitive Fusion Questionnaire. 
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Expertise in mindfulness meditation is associated with decreased 
anterior insula activation during pain anticipation which predicts 

increased sensory-affective uncoupling of pain 
 

Zorn J., Meunier D, Fauchon C, Lamberton F, Lutz A. 

Lyon Neuroscience Research Centre, INSERM U1028, CNRS UMR5292, Lyon 1 University, 

Lyon, France 

 
Abstract 
 
Background: We previously reported that a mindfulness instruction (state) and mindfulness expertise 

(trait) both led to increased self-reported sensory-affective uncoupling of pain and that this uncoupling 

was negatively predicted by trait pain catastrophizing (Zorn et al., 2020). Here, we aimed to explore the 

neuronal correlates of these findings by analyzing the functional magnetic resonance imaging (fMRI)-data 

corresponding to this previous report. We hypothesized that the chronometry of the anterior insula during 

pain anticipation and early and late pain periods is a sensitive marker of present centeredness (increased 

response to bottom-up salience during early pain) vs conceptually-driven top-down processing (increased 

top-down salience during pain anticipation and late pain) that could be related to self-reported sensory-

affective uncoupling of pain and pain catastrophizing scores. Methods: we implemented a novel acute 

pain fMRI-scanner paradigm that was designed to amplify the cognitive-affective aspects of pain, while 

participants performed Open Monitoring meditation (Lutz et al., 2008), a style of mindfulness meditation 

known to impact sensory-affective uncoupling of pain (Perlman et al., 2010; Zorn et al., 2020). 

Specifically, we collected pain intensity and unpleasantness ratings, while novices (2-day formal training; 

average) and expert practitioners (>10.000h practice) performed OM meditation, or a distraction control 

condition, during the anticipation and reception of short (8s) and long tonic-like (16s) thermal pain stimuli. 

Pain catastrophizing was assessed with the Pain Catastrophizing Scale (PCS). Results: We found 

evidence for a modulation of mindfulness expertise but not state on brain activity during pain anticipation. 

Specifically, experts showed lower pre-stimulus activity in the left anterior insula (aINS) as well as in 

bilateral dorsolateral prefrontal cortex (dlPFC) and medial cingulate cortex (aMCC). Lower pre-stimulus 

activity in left aINS predicted increased sensory-affective uncoupling of pain across participants. 

However, contrary to our predictions, pain catastrophizing scores could not predict pre-stimulus activity in 

this region. Hypotheses on early and late pain periods could not be tested due to methodological 

limitations. Conclusion: Mindfulness expertise is associated with decreased anticipatory brain activity, 

including in left AI, and lower pre-stimulus activity in this region positively predicts sensory-affective 

uncoupling of pain. 
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       1. Introduction 

 
Pain is not a direct read-out of sensory input, rather it is shaped by cognitive-affective factors that can 

amplify or reduce pain (Tracey and Mantyh, 2007). One of the best predictors of increased pain is pain 

catastrophizing, an “exaggerated negative mental set brought to bear during actual or anticipated pain 

experience” (Sullivan et al., 2001). Pain catastrophizing refers to a type of conceptual processing that is 

reactive, judgmental and often implicit. This can be contrasted with mindfulness, a “nonelaborative, 

nonjudgmental, present-centered awareness” (Bishop et al., 2004), cultivated with certain meditation 

practices (Lutz et al., 2015; Dahl et al., 2015). In contrast to pain catastrophizing, a mindful stance 

presumably deflates the negative cognitive-affective elaboration of pain by allowing one to become aware 

of distressing thoughts and emotions as mere mental events that do not necessarily need to be reacted to 

(Bishop et al., 2004; Chambers et al., 2009). Cultivating this attitude, together with increased openness to 

sensory experience, has been suggested to lead to sensory-affective uncoupling of pain (Kabat-Zinn, 

1982). Supporting this notion, several clinical studies on mindfulness-based interventions have reported 

mindfulness-related pain reductions with the largest effects on the affective compared to sensory 

dimension of pain (Hilton et al., 2017). Moreover, we previously reported that a mindfulness instruction 

(state) and mindfulness expertise (trait) both led to increased self-reported sensory-affective uncoupling 

of pain and that this uncoupling was negatively predicted by trait pain catastrophizing (Zorn et al., 2020). 

Here, we aimed to explore the neuronal correlates of these findings by analyzing the functional magnetic 

resonance imaging (fMRI)-data corresponding to this previous report. 

 

Consistent with the multidimensional nature of pain, noxious stimulation results in widespread cortical 

activation, including of the thalamus, primary (S1) and secondary (S2) somatosensory cortices, mid 

cingulate cortex, insula and prefrontal regions (Tracey and Mantyh, 2007; Duerden and Albanese, 2013). 

Although the activity of most of these regions typically correlates with perceived pain intensity (Coghill 

et al., 2001, 2003; Wager et al., 2013), sensory-discriminative pain processing is thought to be restricted 

to S1 and S2 and the posterior insula (pINS) (Bushnell, 1999; Hofbauer et al., 2001; Timmerman et al., 

2001; Maihöfner et al., 2006; Mazolla et al., 2012). In contrast, affective-motivational components of pain 

processing are ascribed to limbic regions such as the amygdala, and anterior mid cingulate cortex 

(aMCC) and anterior insula (aINS) (Treede, 1999; Rainville, 1997), with activity in the latter two regions 

frequently correlating with perceived pain unpleasantness (as well as pain intensity) (Rainville, 1997; 

Tolle 1999; Lorenz et al., 2003; Schreckenberger., 2005). In addition, prefrontal regions such as the 

dorsolateral prefrontal cortex (dlPFC) and posterior parietal regions have been implicated in the attention, 

evaluation and cognitive control aspects of pain processing (along with AI and aMCC) (Garcia-Larrea and 

Peyron, 2010). 
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While all of the above brain regions uniquely contribute to pain experience, the aINS has received 

particular attention as it is critically situated at the interface between homeostatic, afferent and cognitive 

brain networks, and works together with the aMCC as a functionally coupled ‘salience’ network to help 

integrate bottom-up stimulus driven processing with top-down control and biasing of sensory input 

(including about the decision of pain) (Mennon and Udin, 2010; Fazeli and Büchel, 2018). Specifically, 

from the pINS, primary nociceptive information about the body’s physiological state is thought to be re-

represented and integrated with affective and cognitive information in the aINS particularly it’s right side, 

to give rise to a consciously accessible feeling state (Craig 2002; 2003). Supporting this claim, the aINS is 

consistently activated during awareness of emotionally-loaden subjective feeling states (Craig, 2002), and 

pain-related activity in pINS typically correlates with objective stimulus intensity, whereas activity in aINS 

usually correlates more strongly with subjective pain reports (Craig, 2000; Kong et al., 2006). Yet other 

studies indicate that aINS-activity correlates with interoceptive awareness (Critchley et al., 2004), thus 

firmly implicating the aINS in bottom-up attention to salient sensory stimuli. In addition to processing 

current feeling states, the aINS also processes predictive feeling states (Singer et al., 2009). For 

example, the aINS is frequently activated during pain anticipation and anticipation of other aversive 

events (Palermo, 2014: Sege, 2017), and this activity is modulated by trait and contextual factors. For 

example anxious and depressed subjects show aberrant anticipatory activity in aINS (Paulus and Stein, 

2010), and positive and negative expectancy reduce and increase anticipatory aINS-activity respectively 

(Whiech, 2008; Sarinopoulos et al., 2010; Atlas et al., 2010), and this activity is known to predict 

subsequent pain reports (Atlas et al., 2010; Whiech et al., 2010). More recently, studies on predictive 

coding have directly shown that the aINS integrates sensory input with top-down predictions into a 

decision about pain (Fazeli and Büchel, 2018; Geuter et al., 2017). To summarize, a wealth of evidence 

across a variety of brain imaging studies and task domains indicates that the aINS (and aMCC) respond 

to the degree of subjective salience, whether cognitive, homeostatic or emotional (Mennon and Udin, 

2010; Craig 2009; Craig 2002).  

 

Based on the involvement of aINS in both bottom-up and top-down salience processing, it could be 

speculated that the present-centered state cultivated during mindfulness meditation is reflected in the 

chronometry of the aINS as reduced activity during pain anticipation (reflecting diminished anxious 

anticipation) but increased activation during pain onset (reflecting increased attention to bottom-up 

sensory stimuli). Several studies support this notion. For example, Grant et al., found reduced pain 

ratings and increased activity in insula (posterior to anterior) and dorsal ACC (dACC) during pain for 

experienced meditators compared to controls. Similarly, Gard and colleagues reported decreased 

unpleasantness during a mindful state for experienced meditators but not controls, which was associated 

with decreased activation in lateral prefrontal cortex and increased activation in right PINS during 

stimulation (Gard et al., 2012). Furthermore, Zeidan et al., observed overall pain reductions following brief 

mindfulness training in novices, which was associated with greater activation in bilateral aINS (among 
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other regions) (Zeidan et al., 2011; 2015). Finally, Lutz and colleagues, found that experienced meditators 

reported lower pain unpleasantness compared to controls during a mindful monitoring state, which was 

associated with lower activity in left aINS and aMCC during pain, but decreased activity in these regions 

and amygdala during pain anticipation, congruent with another report of a meditation-related decrease in 

anticipatory brain activity (Brown et al., 2010) (but see Gard et al., 2012). Notably, whereas pain-related 

activity in aINS and aMCC normally correlates with pain unpleasantness (Craig, 2010; Rainville et al., 

1997), as was the case for controls in two of the studies (Grant et al., 2011; Lutz et al., 2013), this 

association was not present for meditators, suggesting a different quality of attention to pain. 

 

Collectively, studies on mindfulness-based pain regulation to date suggest that the chronometry of the 

aINS is a sensitive marker of present-centeredness (increased activation during pain) vs mental 

projection in the future (increased activation during pain anticipation), in line with other work indicating 

that a present-centered mindful state reduces activity in self-referential cortical midline regions and 

increases activity in a right lateralized viscerosomatic network (Farb et al., 2007). However, the reviewed 

studies were not designed to disentangle pain from its anticipation (Ploghaus et al., 1999, Wager et al., 

2004), thus posing a potential confound. Furthermore, if increased aINS-activity with meditation during 

early pain indeed reflects increased attention to bottom-up salience, then one could expect that aINS-

activity during the late phase of tonic-like pain stimuli would be more reflective of top-down factors such 

as pain rumination and aversion to pain, as bottom-up salience processing is usually limited to 

unexpected or novel events (Corbetta et al., 2008, Corbetta and Shulman, 2002). Studies suggest that 

aINS responds with sustained salience to pain (Downar et al, 2003). However, it is unclear whether this 

response can be modulated by contextual factors, although preliminary evidence indicates that this might 

indeed be the case (Wager et al, 2004). To our knowledge, no studies to date have examined the impact 

of mindfulness meditation on this process. Therefore, following Lutz et al., we aimed to explore the impact 

of mindfulness meditation on aINS-chronometry (and concomitant activity in sensory and cognitive 

regions) in relation to mindfulness-related sensory-affective uncoupling of pain. Finally, given that we 

previously reported a negative association between mindfulness expertise and pain catastrophizing and 

between pain catastrophizing and sensory-affective uncoupling of pain, we also aimed to explore the 

relation of pain catastrophizing to this process. 

 

In order to address these questions, we implemented a novel acute pain fMRI-scanner paradigm that was 

designed to amplify the cognitive-affective aspects of pain, while participants performed Open Monitoring 

meditation (Lutz et al., 2008), a style of mindfulness meditation known to impact sensory-affective 

uncoupling of pain (Perlman et al., 2010; Zorn et al., 2020).Specifically, we collected pain intensity and 

unpleasantness ratings, while novices (2-day formal training; average) and expert practitioners (>10.000h 

practice) performed OM meditation, or a distraction control condition, during the anticipation and 

reception of short (8s) and long tonic-like (16s) thermal pain stimuli. 
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Our hypotheses pertained to pain anticipation and early and late pain periods. Our first hypothesis was 

that the present-centered state associated with mindfulness meditation (state and expertise) would 

downregulate anticipatory pain representations in aINS and amygdala (replicating Lutz et al., 2013), and 

that the degree of aINS-activation would negatively predict sensory-affective uncoupling of pain and 

would positively correlate with trait pain catastrophizing, which we previously found to be lower in 

experienced practitioners (Zorn et al., 2020). Our second hypothesis was that increased openness to 

sensory experience during mindfulness meditation (state and expertise) would result in increased aINS- 

activation during early pain (replicating Grant et al., 2009; Lutz et al., 2013). In an exploratory fashion we 

intended to examine the relationship of aINS-activation during early pain to uncoupling and pain 

catastrophizing scores. Finally, our third hypothesis was that the present centered state cultivated during 

mindfulness meditation (state and expertise) would be reflected in lower aINS-activation during late pain, 

reflecting decreased top-down salience processing. Therefore, we expected that aINS-activity during late 

pain, would be positively correlated with pain unpleasantness as well as with pain catastrophizing. More 

broadly, based on our previous report (Zorn et al., 2020), we aimed to identify the neuronal correlates 

underlying mindfulness-related sensory-affective uncoupling of pain.  

       2. Material and Methods  

2.1. Participants  

Participants included novice and long term meditation practitioners (experts), who were recruited through 

multiple screening stages which are reported into detail elsewhere (see the Brain & Mindfulness Project 

Manual, Abdoun et al., 2018). Inclusion criteria were: aged between 35 and 65 years, no psychotropic 

drug use, no neurological or psychiatric disorder, a Beck Depression Inventory (BDI) score below 20, no 

family history of epilepsy, no severe hearing loss, MRI compatibility and affiliation to the social security 

system. Pregnant and breastfeeding women were also excluded. Experts needed to have: a minimum of 

10.000 hours of formal practice in the Kagyu or Nyingma school of Tibetan Buddhism, followed at least 

one traditional 3-year meditation retreat, a regular daily practice in the year preceding inclusion. They also 

had to be able to distinguish between OM and OP meditation and to be familiar with the practice of OP. 

Novices were included if they did not have significant experience with meditation or other mind-body 

training techniques and a pain threshold above 47 C° comparable to experts in our previous study (Lutz 

et al., 2013). In a prior report on this study (Zorn et al., 2020), we reported preliminary behavioral results 

from 35 novices and 26 experts. Of this sample, 5 participants were excluded because of motion 

exceeding a predefined threshold (> 2mm or > 2 degree absolute movement in more than 2 runs) and 1 

participant because of missing anatomical scans. The final sample included 30 novices (17 males/13 

females; mean age 52.5 ± 7.6 years, pain threshold 48.3 ± 1.0; experimental temperature 48.0 ± 0.5) and 
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25 experts (13 males/12 females; mean age 52.6 ± 8.0 years, pain threshold 47.0 ± 2.4; experimental 

temperature 47.8 ± 0.5). 6 included participants had 1 out of 6 runs discarded due to the movement 

criterion. All participants provided written informed consent before participating to the study. The study 

was approved by the regional ethics committee on Human Research (CPP Sud-Est IV, 2015-A01472-47). 

2.2 Meditation practices 

All participants who participated to the experiment were familiar with two styles of meditation: Open 

Monitoring meditation (OM) and Focused attention meditation (FA): experts because of longstanding 

experience and novices because they were familiarized with the practices through an extensive novice 

meditation training protocol (see section 2.3 meditation training novices). Initial training in FA meditation is 

considered a prerequisite for OM in both traditional and clinical contexts (Lutz et al., 2008). Specifically, 

FA, involves a sustained focusing of attention on a selected object of choice and is said to increase the 

capacity to detect distractions and sustain attention, thus improving the monitoring capacity (Lutz et al., 

2008). The resulting improved monitoring capacity supports OM practice, which involves the non-

selective, non-judgmental, and non-elaborative monitoring of all ongoing experience, whether sensory, 

affective or cognitive (Chambers et al., 2009; Lutz et al., 2008; see supplementary information 1 for 

instructions provided during the experiment). The cultivation of this present-centered metacognitive 

perspective is thought to allow one to become aware of subtle distressing thoughts that may accompany 

the anticipation or perception of painful stimuli that may otherwise go unnoticed. This awareness itself, 

together with the realization that thoughts are mere mental events and do not necessarily need to be 

reacted upon is thought to reduce secondary elaborative processing and may thus result in reduced 

mental absorption and pain-related distress (Bishop et al., 2004; Hayes 2004; Kabat-Zinn, 1982; Lutz et 

al., 2015; Lutz et al., 2008).  As a result of these two processes, has been suggested that during a 

mindful state, sensory pain dimensions might be experienced with equal or increased vividness, without 

concomitant emotional distress (Lutz et al., 2013; Perlman et al., 2010), thus inducing an ‘uncoupling’ of 

sensory and affective pain experience (Kabat-Zinn, 1982). 

It should be noted that novices and experts differed in the way of practicing objectless meditation. 

Specifically, with increasing expertise the capacity to sustain an open monitoring state purportedly 

becomes increasingly effortless, at which point awareness can be made an object of meditation itself 

(Chambers et al., 2009; Lutz et al., 2008). Expert practitioners were intensively familiar with this advanced 

style of OM labeled as open presence (OP) (Tib. rig pa) (Lutz et al, 2006) and were explicitly asked to do 

it. In this state, theoretically at least, the phenomenological qualities of effortlessness, openness and 

acceptance are vividly experienced and control-oriented elaborative processes reduced to a minimum. A 

suspension of subject-object duality (non-duality) is also reportedly involved (Dunne, 2011; Lutz et al., 

2006). As this state is considered a relatively advanced one, even expert practitioners might not be able 

to sustain it for more than a short time (Lutz et al., 2006). For the sake of simplicity, we will use the term 



                                                      
 

138 
 

OM for both novices and experts below, acknowledging that for experts actual meditation might also have 

qualified as OP.  

2.3 Meditation training novices 

We aimed to have a high-quality control group for expert practitioners as well as to investigate the effect 

of mindfulness-based pain regulation in trained novices. To this end, meditation-naïve participants 

underwent a weekend-long formal meditation training program (see Abdoun et al., 2019 for detailed 

information on the novice training protocol), provided by a qualified MBSR teacher, with 13 years of 

practice and 8 years of teaching experience in the meditation tradition under study as well as 3 years of 

experience as a teacher of a 18 month mindfulness-based intervention (Poisnel et al., 2018). The training 

included teachings with the support of instruction videos, guided meditation sessions and experiential 

exercises, question and answer sessions, as well as sufficient time to reflect and share with the group. 

During the training, novices were introduced to various styles of meditation, including FA and OM; two 

complementary styles of meditation (see section 2.2) also extensively practiced by the expert 

practitioners. One specific exercise involved alternating between focused attention on, and open 

monitoring of, pain. During such exercises, novices were additionally familiarized with several experiential 

dimensions relevant to mindfulness meditation (e.g. absorption vs. meditative awareness). Through this 

approach, we aimed to assure that novices gained an adequate understanding of the practices. After the 

training weekend, novices were invited to keep up a daily practice of minimum 20 minutes a day until the 

day of the last experiment, to balance FA, OM and compassion meditations (relevant to other 

experiments, and also practiced by the experts), and to keep track of their practice with a logbook. 

2.4 Pain calibration procedure 

Painful stimuli were provided by a TSA 2001-II thermal stimulator (Medoc Advanced Medical Systems, 

Haifa, Israel) with a 30 mm × 30 mm flat thermode applied to the palmar side of the left wrist. All 

participants underwent a calibration procedure for stimulus temperature. Using the method of limits 

(Fruhstorfer et al., 1976), the temperature was increased from 32° C to 50° C maximum at 0.7 C° C/sec. 

Participants were instructed to indicate with a button press when the pain level reached a 7 on a scale of 

0 (“no pain”) – 10 (“the worst pain imaginable’’). At button press, temperature returned to the 32° C 

baseline at maximum rate. The temperature remained at baseline for 5 sec before rising again. Subjects 

received 10 stimulations. The average temperature over the last five trials was used as an indication of 

that participant’s pain sensitivity  (except when 50° C was reached at three consecutive trials in which 

case the procedure was stopped and pain sensitivity set at 50° C; 3 novices, 2 experts). A second, finer 

calibration procedure was performed on the day of the experiment to determine the optimal temperature 

for a 16 sec long heat stimulation that would be used during the experiment itself. This calibration started 
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with the temperature that best matched the participant’s previously determined pain sensitivity, but was 

confined to a limited range of four possible temperatures: 47.0, 47.5, 48.0, and 48.5° C. Subjects received 

the best matching temperature for 16 sec, after which they were asked to rate their pain using the same 

scale as before. If rating was at 7, temperature was kept at that level; else the temperature was adapted 

until the targeted pain level of 7 was reached.  

2.5 Experimental design, pain stimuli and task instructions 

Visual stimuli were presented using Psychopy v1.83.04 (Peirce, 2009). The experimental design is 

presented in Figure 1. Temporal jitters in the presentation of the stimuli were introduced to reduce 

collinearity of regressors in the fMRI-based general linear models. A fixation cross was displayed on the 

screen when no other visual stimuli were presented. Each trial started with a 5-8 sec introductory period. 

A 2 sec predictive cue then indicated whether the upcoming stimulation would be warm or hot and was 

followed by a 5 to 8 sec anticipatory period. A thermal stimulation was then delivered which was either 

hot, at the participant’s painful temperature, or warm, at a non-painful temperature 6 degrees cooler. 3 to 

6 sec after stimulus onset, a second cue indicated whether the stimulation would be short (8 sec, relief) or 

long (16 sec, non-relief). Warm stimuli were always long (16 sec) and served as a baseline control 

condition for the MRI. Five to eight seconds after the thermal stimulation ended, two rating scales were 

presented for 5 sec each (see rating scale section below). After 1 sec the next trial started. Baseline 

temperature for the thermode was 32°C. Ramp-up and ramp-down periods were 1.5 sec for the warm and 

2.5 sec for hot stimuli. Temperature of the long hot stimuli dropped slightly by 1 ° C (0.5 ° C/sec) after 2 

sec of stimulation (not depicted) as initial pilot sessions revealed they would otherwise be unbearable. 

Subjects received a total of 60 thermal stimuli; 20 short hot (SH), 20 long hot (LH) and 20 long warm 

(LW), applied to the palmar side of the left wrist. All thermal stimuli were delivered during one 

experimental session consisting of six blocks of ten trials each. Subjects rested 1.5 minute between the 

blocks. Each block was further subdivided into two subblocks, one for each state condition, in randomized 

order: Open Monitoring (OM) or a control addition task (Distraction). Each trial type (SH, LH, LW) was set 

to occur at least once during each subblock. Each subblock started with a 20 s auditory and visual state 

induction during which participants received instructions for the experimental condition. For OM, 

participants were instructed to keep an open and accepting awareness (see supplementary information 

1for full instructions). Experts specifically were also told that the OM instructions referred to the practice of 

OP. For Distraction, subjects were instructed to mentally add simple single-digit numbers (1-3) that were 

presented on the center of the screen (replacing the fixation cross) from the start of each trial until rating 

scales were shown (see Fig. 1). Numbers were presented for 1 sec with a variable interval of 3, 4 or 5 sec 

between numbers. Subjects were asked to maintain a tight focus on the screen in order not to miss any 

numbers, while blocking all pain-related sensations, emotions and thoughts. In order to minimize visual 

differences between task conditions, numbers were also presented on the screen during OM. However, 
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subjects were instructed to abstain from mental addition, but to nonetheless keep their gaze fixed at the 

screen at all times, in a relaxed manner, in order to not miss any visual cues. Prior to the experiment, 

participants were familiarized with the task and performed one full block of trials using non-painful stimuli 

only (note information on meditation practices, pain calibration procedure and experimental design 

adapted from Zorn et al., 2020). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.Schematic illustration of the experimental paradigm. Each trial started with a 5-8 sec introductory 

period. A 2 sec predictive cue then indicated the temperature of the upcoming stimulation (warm or hot) and was 

followed by a 5-8 sec anticipatory period. A thermal stimulation was then delivered that was either short (8 sec) or 

long (16 sec). After 3-6 sec of thermal stimulation, a second visual cue informed subjects about the duration of the 

stimulation. Non-painful warm stimuli were always long and served as baseline control for the fMRI. Following 

stimulus offset, a 5-8 sec rest period preceded the presentation of two rating scales (5 sec each). Rating scales 

probed pain intensity, unpleasantness, relief and task performance. During each trial, a single-digit number (1-3) 

was presented every 2 sec from the start of the trial until rating scales were shown (see black horizontal bars). 

Subjects randomly alternated between two task conditions: Distraction, involving the mental addition of the 

numbers and the blocking of all pain experience; or OM involving the cultivation of an open attitude to pain (and 

no mental addition). Subjects received a total of 60 thermal stimuli: 20 short hot (SH), 20 long hot (LH) and 20 

long warm (LW) equally distributed across the two task conditions. ITI: intertrial interval. 



                                                      
 

141 
 

2.6 Rating scales 

Throughout the blocks, we collected ratings of pain intensity and unpleasantness using 1-9 Likert items. 

Similarly, we collected ratings of pain relief (how relieved were you when the stimulation stopped) which 

were not analyzed here due to time constraints. We further checked task performance by regularly asking 

the total sum of the addition task in the Distraction condition, or, in case of OM, to what degree 

participants were able to follow meditation instructions. After each trial, two different rating scales were 

presented in randomized order (see supplementary information 2 for the specific questions and frequency 

of presentation).  

2.7 Behavioral analysis 

For the behavioral analysis, we refer to our previous report (Zorn et al., 2020), were pain ratings and pain 

catastrophizing scores were extensively analyzed with the following results: a) a general state effect with 

OM being associated with lower pain unpleasantness but not pain intensity as compared to the attentional 

distraction control condition across groups and trial types, b) experts reporting larger sensory-affective 

uncoupling (intensity-unpleasantness) as compared to controls already during short, but particularly 

during long trial types, (c) lower pain catastrophizing scores for experts compared to novices, and d), pain 

catastrophizing scores predicting sensory-affective uncoupling across participants specifically for long trial 

types. 

2.8 BOLD data analysis 

Data acquisition 

Scanning was performed on a 3-T scanner (Prisma Siemens, Erlangen, Germany) with a 64 channel 

head/neck coil.  

Functional imaging data were acquired using a simultaneous multi-slice (SMS) EPI pulse sequence with a 

multiband factor of 4 which allowed for the acquisition of data with a high temporal resolution (TR = 1000 

ms, TE = 30 ms). Each volume comprised 52 axial slices of 2.3 mm thickness. A 10% gap between slices 

resulted in 2.5 x 2.5 x 2.6 mm³ voxel size (FOV = 1680 x 1680 mm, flip angle = 65˚).  

For anatomical reference, we acquired structuralT1-weighted (TR = 2500 ms, TE = 2.83 ms, flip angle = 

6˚, voxel size = 1x1x1 mm³), non-EPI T2*-weighted (TR = 3680 ms, TE = 30 ms, flip angle = 90˚, voxel 

size 2 x 2 x 2 mm³) and T2-weighted (TR = 2500 ms, TE = 261 ms, flip angle = 120˚, voxel size 1 x 1 x 1 

mm³) images. 
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fMRI data preprocessing 

Neuroimaging data were preprocessed using Nipype Python (Gorgolewski et al. 2011) and SPM12 

(Welcome Trust Centre for Neuroimaging, UK). The first four volumes of each run were discarded to allow 

for magnetization to reach equilibrium. No slice timing correction was performed as this is not critical to 

SMS-EPI acquisitions, where all slices in a volume acquired relatively close in time (Glasser 2013).  In 

addition, SMS-EPI acquisitions have relatively low tissue contrast (due to incomplete T1 relaxation), and 

require a different preprocessing strategy for accurate registration to structural data (Glasser 2013). 

Hence, the preprocessing pipeline described by Villain et al. (2010), developed to improve anatomical 

mapping of functional data, was applied. Briefly, images were fist realigned. The mean image of the 

functional runs was then coregistered onto the (non-distorted) non-EPI T2* image, the non-EPI T2* image 

then onto the T2 image, and the T2 image then onto the T1 acquisition. Resulting coregistration 

parameters were successively applied to all SMS-EPI images. Subsequently, the T1 image was 

segmented and normalized to MNI-space, and resulting parameters applied to the coregistered T1, EPI 

and non-EPI T2* images. Normalized images were smoothed with a 7.5 x 7.5 x 8 FWHM Gaussian 

kernel. 

The artifact detection toolbox (ART) was used in order to detect outlier volumes (> 3 mm scan-to-scan 

motion or global signal intensity deviations more than 5 standard deviations away from the mean). 

Identified outliers were modeled as knock-out regressors and added to the general linear model (GLM) as 

confound regressors together with the 6 realignment parameters.   

Using aCompcor an additional denoising step was performed in order to remove physiological noise from 

the data. This method consists of principal components analysis on voxels in a noise mask, which 

comprised CSF and white matter segmentation maps, eroded by 1 voxel. Additionally, following Bezhadi 

et al. 2017, voxels that correlated with the convolved task regressors, as determined by a conservative 

threshold of p <0.2, were excluded from the mask in order to avoid including stimulus correlated 

components. The 5 principal components were added as confound regressors to the GLM.  

Single subject analyses 

Two general linear models (GLM) were constructed to test the different hypotheses. 

The first GLM addressed questions about anticipation and relief. Regressors in this model were 

convolved with a canonical BOLD-response. Modeled regressors of interest were: i) the first 5 seconds of 

the anticipation period; ii) the full length of the pain stimuli: 13 s for short painful stimuli, 21 s for long 

painful stimuli and 19 s for long warm stimuli (including ramp-up and –down periods). iii) the relief cue, 2 s 

duration. In addition, several regressors of non-interest were modeled including the rating scales, state 
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cues, intro cues and intro audio. Events for each of these event types were collapsed into a single 

regressor. The temperature cue was not modeled as it was orthogonal to the anticipation period. 

The second GLM was constructed in order to compare early and late pain periods of long painful stimuli. 

Following Wager et al. 2004, regressors in this model included unconvolved epochs (to avoid assuming a 

particular response shape) shifted 4 s in time to account for the hemodynamic response delay. To 

maximize the contrast between early and late pain periods, it was chosen to model three time windows: i) 

early-pain, 7,5 s duration (4-11.5 s after stimulus onset);  mid-pain, 6 s duration (11,5-17,5 s after stimulus 

onset);  late-pain, 7,5 s duration (17,5–25 s) after stimulus onset (stimulus offset was at 21 s). Long warm 

stimuli were modeled similar to long painful stimuli. Short painful stimuli were modeled as one event, 4-17 

s after stimulus onset. For all heat stimuli, we additionally modeled the full length of the anticipation period 

4-12 s after the temperature cue (5-8 s duration) and a recovery period, 4-11,5 s after stimulation offset 

(7,5 s duration). In addition, several effects of no interest were modeled by convolving events with a 

canonical BOLD response. These included the rating scales, state cues, intro cues, and intro audio. 

Events for each of these event types were collapsed into a single regressor. The temperature and relief 

cue were not modeled as they were orthogonal to anticipation and pain periods respectively. 

Second-level analyses 

Functional activation analyses 

Each participant’s first-level t-contrasts were entered into second-level GLMs to investigate contrasts of 

interest. We first verified whether pain stimulation activated the typical pain-processing regions by 

analyzing the BOLD-signal (contrast Hot – Warm) across task conditions (OM,  Distraction), trial types 

(Short. Long) and groups (Novices, Experts). Subsequently, we analyzed the pain anticipation period 

using a 2x2 factorial ANOVA with factors State(OM, Distraction) and Group (Novice, Expert) (contrast Hot 

– Warm), first in bilateral aINS and amygdala using small-volume correction (SVC) and then on a whole-

brain basis in an exploratory manner. Similarly, we analyzed the early pain period of long pain stimuli (as 

short stimuli overlapped with the relief cue posing a possible confound), using a 2x2 factorial ANOVA with 

factors State (OM, Distraction) and Group (Novice, Expert) (contrast Hot – Warm), first in bilateral aINS 

using small-volume correction (SVC) and then on a whole-brain basis in an exploratory manner. All 

whole-brain analyses were carried out at a p<0.001 uncorrected at the voxel-level and cluster-level 

family-wise error-corrected pFWE <0.05 values were reported as significant. Regions were classified 

using the Hammersmith atlas (Hammers et al., 2003; Faillenot et al., 2017), and the Human Connectome 

Project atlas (HCP MMP 1.0) (Glasser et al., 2016]). 
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ROI definition 

Based on our hypotheses we restricted our primary analyses to bilateral aINS, which was defined based 

on the Hammersmith atlas (Hammers et al., 2003; Faillenot et al., 2017),and included the insula inferior 

cortex and the anterior and middle short anterior gyrus, which together cover the portion of the insula 

anterior to y = 4. For the analyses on pain anticipation, we additionally included the bilateral amygdala to 

the mask as defined by the Hammersmith atlas. 

Outlier removal 

In some functional analyses we detected strong outliers after extracting beta-estimates (never more than 

one and for different subjects for different contrasts). To prevent that activation clusters were driven by 

outlier points, we implemented a retrospective and conservative outlier removal method. If extreme outlier 

points more than 3.5 standard deviations away from the mean across the levels of a given comparison 

(e.g. novice and expert groups were detected, we re-performed the GLM-analyses excluding the subject 

corresponding to the outlier point. In all cases, this led to a decrease of significant clusters indicating that 

clusters were false positives driven by outlier participants. 

Correlational analyses 

We performed two types of correlation analyses: brain-behavior correlations with extracted beta-estimates 

and whole-brain voxel-wise correlations. Correlations with extracted beta-estimates were performed using 

using Spearman’s p as well as bisquare robust regressions (following Rudorf et al., 2018). Correlational 

analyses are particularly sensitive to outliers that can result in false-positive and negatives (Rousselet 

and Pernet., 2012), an issue that might be particularly present with neuroimaging data prone to outliers 

(Wager et al., 2005). Several statistical techniques have been proposed to reduce the influence of 

outliers, including robust regression techniques (Rousselet and Pernet, 2012; Wager et al., 2005). We 

implemented bisquare-regressions using the R-package robustbase (Maechler et al., 2020).This robust 

regression technique iteratively downweights points with high leverage (i.e. influence on the regression 

line) so that these points have less influence on the regression parameters estimates. Spearman’s 

correlations were included as reference. We additionally performed whole-brain voxel-wise analyses with 

pain catastrophizing and uncoupling scores that were carried out at a threshold of p<0.005 uncorrected at 

the voxel-level and a family-wise error-correction of pFWE<0.05 at the cluster-level. 
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       3. Results 

3.1 Behavioral results 

We first tested whether experts reported larger sensory-affective uncoupling (intensity – unpleasantness) 

compared to novices for short and long painful stimuli in line with our previous behavioral report (Zorn et 

al., 2020). Running a 2x2 factorial anova with the factors Group and Trial Type we found a main effect of 

Group (F(1, 106) = 15.0, p < 0.001, but no effect of Trial Type F(1, 106) = 3.7, p = 0.13) or Group x  Trial 

Type interaction  F(1, 106) = 1.9, p = 0.28). Confirmatory follow-up test showed that experts reported 

larger uncoupling than novices during short (estimate = 0.7, 95% ci = [-1.33, -0.02], t(46) = -2.1, p = 

0.045) and long trial types (estimate = 1.2, 95% ci = [-1.91, -0.39], t(40) = -3.0, p < 0.01). 

We subsequently test whether novices and experts in the included sample differed in trait pain 

catastrophizing similar to our previous report (Zorn et al., 2020). In line with this report, Trait pain 

catastrophizing was significantly lower in Experts (6.8 +- 5.4) compared to novices (17.2 +- 9.2) (estimate 

= 10.4, 95% ci = [6.3, 14.5], t(46.5) = 5.2, p < 0.001).  

3.2 Pain Anticipation 

Activation analyses 

To evaluate our first hypothesis -that mindfulness meditation downregulates neural representations of 

pain anticipation- we examined the effect of State (OM/Distraction) and Group (Novice/ Expert) on fMRI-

activity in the anticipation period (Hot-Warm) using a 2x2 factorial ANOVA. We first restricted the analysis 

to bilateral aINS and left amygdala based on our hypothesis. We observed a main effect of Group for a 

cluster in the left aINS (see top rows Table 1 and Figure 1; cluster marked in red). A post-hoc test 

revealed that, in line with our hypothesis, this region was more strongly activated for novices compared to 

experts (estimate = 0.78, 95% ci = [0.32, 1.26], t(51.0) = 3.4, p < 0.01; see Figure 1A). This effect was 

also present at a trend level in the right aINS. However, contrary to our hypothesis we failed to observe a 

State or interaction effect or an effect on the amygdala. In an exploratory manner, we also ran the same 

ANOVA on a whole-brain basis to identify potential regions we might have missed with our more 

restricted approach based on previous work. This again yielded only a main effect of Group, but this time 

for a large activation cluster with significant peaks in bilateral dlPFC and right frontopolar cortex (FPC) 

and extending into bilateral aMCC (see middle rows Table 1 and Figure 1; cluster marked in yellow). A 

post-hoc test revealed that this cluster was also more strongly activated for novices than experts 

(estimate = 0.47, 95% ci = [0.24, 0.71], t(49.9) = 4.0, p < 0.001; see Fig. 1B). Note that we removed one 

outlier subject (novice,> 5std away from the mean for aINS cluster) for this and corresponding 
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correlational analyses (see methods). Keeping this subject further increased the significance of all 

reported clusters. 

Correlational analyses 

As a next step, we performed correlation analyses, to test whether the observed decreased anticipatory 

brain activity for experts compared to novices could be linked to experts’ lower trait pain catastrophizing 

and increased self-reported sensory-affective uncoupling of pain. We first addressed these questions in 

relation the left AI cluster that was part of our primary regions of interest. We first tested whether activity 

in this cluster could predict sensory-affective uncoupling of pain (calculated as self-reported intensity - 

unpleasantness across states and trial types; using demeaned scores to control for group effects). This 

was indeed the case with lower left aINS-activity during pain anticipation predicting increased self-

reported sensory-affective uncoupling of pain across subjects (Spearman's ρ = -0.29, p = 0.035; robust R2 

= -0.13, p < 0.01; see Fig. 1C). To test the specificity of this finding we subsequently tested whether left 

aINS-activity during pain anticipation could predict intensity and unpleasantness scores. This was not the 

case (Intensity: Spearman's ρ = -0.19, p = 0.15; robust R2 = 0.03, p = 0.23; Unpleasantness: Spearman's 

ρ = 0.04; robust R2< 0.0, both p > 0.75). We then tested whether across subjects (demeaned) pain 

catastrophizing scores could predict activation in this cluster. This was not the case (Spearman's ρ < 

0.01, robust R2< 0.01, both p> 0.7). In an exploratory manner, we then performed the same correlation 

analyses for the prefrontal cluster that was identified through the whole-brain analysis. This cluster did not 

correlate with pain catastrophizing scores (Spearman's ρ = 0.09, robust R2 = 0.01, both p> 0.4), nor 

predicted self-reported sensory-affective uncoupling of pain experience (Spearman's ρ = -0.03, robust 

R2< 0.01, both p> 0.7). Reperforming the analyses with null findings for groups separately and with sex 

and age as covariate did not change the results.  

Finally, and in a further exploratory manner, we performed whole-brain correlation analyses with pain 

catastrophizing and sensory-affective uncoupling scores at FWE-correction rate of p < 0.005. The 

analysis with pain catastrophizing scores yielded no significant clusters. In contrast, the analysis with 

uncoupling scores yielded one significant cluster that had its peak activation in the left pINS and extended 

from the operculoinsula (PI/SII) anteriorly to middle insula and into the inferior frontal gyrus (IFG) see 

Table 1 bottom row and Figure 1; cluster marked in green). For descriptive purposes, we performed a 

post-hoc test on this cluster, correlating extracted parameter-estimates with self-report sensory-affective 

uncoupling scores (Spearman’s ρ = -0.45, p <0.001; robust R2 = 0.24, p < 0.01; see Figure 1D). To test 

the specificity of this finding we subsequently performed whole-brain analyses with intensity and 

unpleasantness instead of sensory-affective uncoupling scores. This yielded no significant clusters. 
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3.3 Neural correlates of heat-induced pain stimulation 

To test hypotheses on early and late pain periods, we first performed a manipulation check. This yielded 

clear pain matrices (activation in pINS/aINS, and aMCC) when combining pain stimulations across 

groups, states and trial types. Clear pain matrices where also observed when analyzing novices and 

experts separately. However, when we inspected the early phase of long pain stimuli (first 8s of 16s long 

stimuli) pain matrices where only observed for experts but not for novices (averaging across states). 

Specifically, experts showed activation in bilateral operculoinsula (S2/pINS), aINS and aMCC. Novices on 

the other hand, did not show activity in operculoinsula (S2/pINS) or aMCC, but only in S1, bilateral aINS 

and several prefrontal regions (see Figure 3 and Supplementary information 3). As we previously 

encountered physiological noise-related problems (see discussion), we did not further analyze pain 

contrasts.  

 

Figure 2.Pain anticipation. (A) experts showed lower activation in left AI compared to experts during pain 

anticipation, see red cluster, (B) experts additionally showed lower activation in several prefrontal regions including 

in bilateral dlPFC and rPFC extending into bilateral ACC, see yellow cluster, (C) Across subjects, anticipatory 

activity in laINS negatively predicted self-reported sensory-affective uncoupling of pain, (D) Across subjects, lower 

activity in a large cluster extending from lpINS and STG anteriorly into the IFG negatively predicted self-reported 

sensory-affective uncoupling of pain. Analyses were performed using small-volume correction (svc) or whole-brain 

voxel analysis (whole-brain). laINs; left anterior insula, dlPFC: dorsolateral prefrontal cortex, FPC; frontopolar 

cortex, lpINS; left posterior insula, STG; superior temporal gyrus, IFG; inferior frontal gyrus. The upper bar (red) 

represents F-scores whereas the lower bar represents (Z-scores). Solid regression lines correspond to 

Spearman’s regression slope, dashed regression lines correspond to Robust regression slopes. 
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Table 1. Pain anticipation 

Brain regions k Peak MNI Coordinates 

 X              Y               Z 

Z p 

SVC       
    L Insula anterior inferior cortex (AAIC, MI) 44 -38 16 -10 4.6 0.034 
Whole brain analysis       
    L Middle frontal gyrus           
    (Area 9-46d, 9m, 9a,  a32pr, d32, p24)a 

3209 -24 44 14 5.3 <0.001 

                   R Middle frontal gyrus (Area 9-46d)*    - 22 46 16 5.1 0.005 
                   R Superior frontal gyrus (p10p/9a)*    - 18 60 6 4.9 0.012 
Whole-brain correlation (uncoupling scores)        
    L Superior temporal gyrus middle  
    (poI1-2, Mbelt, A1, OP1,2-3, MI, Area 43-44,52, FOP1-2,4) 
                   L Inferior frontal gyrus (FOP4)       
                   L Supramarginal gyrus (OP1/SII)                                      
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Peak activations were classified according to the Hammersmith atlas [Hammers et al., 2003; Faillenot et al., 2017]. 
Other regions included in the clusters are denoted (inside brackets) according to the abbreviation system of the 
Human Connectome Project atlas (HCP MMP 1.0) [Glasser et al., 2016]. X, y, z coordinates (MNI) and statistical 
information (Z-statistic and p-value) refer to peak voxels in the identified clusters. P-values are adjusted for family-
wise error correction for multiple comparisons across the whole brain and across the combined masks of the right 
and left AIC and left amygdala using small volume correction (SVC). aBecause of the large cluster size only bilateral 
activation foci are denoted. For large clusters, the main peak plus subpeaks as provided by SPM are listed. 
Asterisks (*) indicate subpeaks where the peak-value also survived FWE-correction (p < .05) at the voxel level. 
Associated p-value corresponds to peak-level statistics. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Early pain activation. (A) Novices showed activation in ipsilateral S1 and bilateral aINS but not in the 

operculoinsular complex (S2/pINS) or aMCC. (B) Experts showed activation in bilateral operculoinsula (S2/pINS), 

aINS and aMCC. S1, primary somatosensory cortex; S2 secondary somatosensory cortex; pINS, posterior insula; 

aINS, anterior insula; aMCC, anterior midcingulate cortex. 
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4. Discussion 
 
The present work aimed to test the hypothesis that the chronometry of the anterior insula is a sensitive 

marker of present-centeredness vs conceptually driven top-down processing, which could be related to 

sensory-affective uncoupling and pain catastrophizing scores. Hypotheses were only partly confirmed at 

this stage. Specifically, regarding the first hypothesis that mindfulness meditation downregulates 

representations of anticipatory brain activity, we found that experts had reduced activity in the left aINS 

compared to novices during pain anticipation and that the degree of anticipatory activity in this brain 

region negatively predicted self-reported sensory-affective uncoupling of pain across participants, in line 

with our hypotheses. However, contrary to our hypotheses we did not find evidence for a modulation of 

state on anticipatory brain activity or for an association between anticipatory aINS-activity and pain 

catastrophizing scores. We were not able at this stage to test our second hypothesis that mindfulness 

meditation would be associated with an increased aINS-response during early pain -putatively reflecting 

increased bottom-up salience processing, nor our third hypothesis that mindfulness meditation would be 

associated with reduced aINS-activity during late pain -putatively reflecting decreased top-down salience 

processing. Each of these results and lack of finding will be further discussed below. 

 

 

4.1 Effect of mindfulness meditation on pain anticipation  
 
Our main finding was that experts compared to novices showed reduced activity during pain anticipation 

in left aINS, in a region that negatively predicted self-reported sensory-affective pain uncoupling across 

participants. This finding largely replicates the study by Lutz et al., 2013, which found that a sample of 

expert meditators in the same Tibetan Buddhist meditation tradition as in the present study exhibited 

reduced anticipatory activity in left aINS, aMCC and amygdala as compared to controls. Similar to that 

study, experts in the present work, also exhibited reduced anticipatory activity in the aMCC as well as in 

bilateral dlPFC, which together with the aINS are among the brain regions most frequently activated 

during pain anticipation (Palermo et al., 2015), and whose activity is known to scale with the expected 

magnitude of pain (Koyama et al., 2005). The present findings also extends the previous work by Lutz 

and colleagues, by explicitly manipulation anticipatory processes in our design, and by showing that 

anticipatory aINS-activity negatively predicted self-reported sensory-affective pain uncoupling across 

participants. This finding is consistent with several other studies that found that the degree of pre-stimulus 

aINS-activation to modulates the perception of subsequent pain stimuli (Whiech et al., 2010; Atlas et al., 

2010; Ploner et al., 2010). However, in the present work, left aINS-activity specifically predicted sensory-

affective uncoupling of pain and not pain intensity or unpleasantness scores. Whether this merely reflects 

different participant’s behavior by the implementation of both intensity and unpleasantness ratings or a 

functionally significant difference remains to be explored. Nevertheless, our findings show that 
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mindfulness expertise is associated with decreased pain anticipation which predicts increased sensory-

affective uncoupling of pain. 

 

Several other findings are worth discussing. First, contrary to our hypotheses, we did not observe lower 

amygdala in experts compared to novices, which might be related to the fact that the present study 

employed certain anticipation (i.e. veridical cues about the temperature of the upcoming stimulation) in 

contrast to the previous study that employed uncertain anticipation (participants did not know whether 

upcoming stimuli would be nonpainful warm or painful hot) (Lutz et al., 2013). Uncertain anticipation of 

aversive events is known to lead to higher recruitment of ACC, insula, and amygdala (Sarinopoulus et al., 

2010; Critchley et al., 2001). Furthermore, also contrary to our hypotheses, we found no evidence for a 

modulation of pre-stimulus activity by mindfulness state. This could have several possible explanations. 

First, as mentioned before, the fact that we employed certain expectation may have decreased overall 

anticipatory activity and thus our sensitivity to detect potentially subtle state differences. Second, it is 

possible that the control state did not have the intended effect. This condition consisted of a relatively 

simple addition task, which was meant to prevent participants from allocating mindfulness-related 

monitoring resources to pain, while still keeping working memory load so low as to allow room for pain 

elaborative processes to occur. It is possible that several of these assumptions have not been met. For 

example, working memory load could have unintendedly be higher than expected, which is known to 

suppress pain-related activity (Sprenger et al., 2012). However, given the overall lack of state differences 

in this experiment, perhaps a more likely explanation is that we lacked power to detect state differences, 

or that state effects are related to neuronal mechanisms not detected with our approach.  

 

Another finding worth mentioning is that during exploratory whole-brain analyses we identified a large left-

lateralized cluster in which pre-stimulus activity predicted self-reported sensory-affective uncoupling of 

pain across participants. This cluster extended from the parietal operculum (pINS/S2) anteriorly to mid-

insula and further into the IFG. Activity in these regions during pain anticipation has also been formally 

shown to scale with the magnitude of expected pain (Koyama et al., 2005). Furthermore, the pINS and S2 

are known to activate during the mental simulation of pain (Wilson-Mendenhall et al., 2019; Ogino et al., 

2007; Meyer et al., 2015). As such, decreased pre-stimulus activity in these regions likely reflects other 

aspect of decreased pain anticipation. Interestingly, decreased pre-stimulus activity in these regions 

predicted increased sensory-affective uncoupling of pain across participants. Experts as a group reported 

larger sensory-affective uncoupling of pain but did not show lower pre-stimulus activity in these regions 

compared to novices. As such the relevance of this finding to mindfulness-based pain regulation still 

needs to be demonstrated. Finally, contrary to our hypotheses, we did not find evidence for a modulation 

of anticipation-related brain activity, including in left aINS by pain catastrophizing. We had not expected 

this to be the case as we had previously reported that experts reported markedly reduced pain 

catastrophizing compared to novices (Zorn et al., 2020), and because there are strong theoretical 
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reasons to think that pain catastrophizing should be linked to altered pain anticipation that subsequently 

influences pain reports (Sullivan et al., 2001). Nevertheless, our null findings corroborate other studies 

that did not find evidence for a relation between prestimulus aINS-activity and pain catastrophizing scores 

in clinical samples (Brown et al., 2013; Loggia et al., 2015). 

 

 

4.2 Effect of mindfulness meditation on pain processing 

 

We could not confirm our hypotheses on pain periods due to methodological issues. Specifically, during a 

manipulation check for novices we did not observe activation in parts of the pain matrix (i.e. pINS/S2, 

mACC), regions that are generally considered to reflect sufficient nociceptive processing to generate a 

conscious pain percept (Tracey et al., 2005). As to what caused this problem, we think it is unlikely that 

findings reflect insufficient nociceptive stimulation considering that novices generally provided equal if not 

higher pain ratings as compared to experts. Rather, we think that the lack of clear pain matrices for some 

contrast for novices is related to physiological noise-related problems.  

 

We implemented a novel fMRI-imaging technique called simultaneous-multi-slice imaging (SMS-EPI), 

which has the advantage that it allows for a faster sampling resolution (which we deemed useful since we 

were interested in chronometry of aINS), however, this technique is recent and it has been associated 

with more inference by physiological noise artifacts. Specifically, the higher sampling resolution causes 

more frequencies, including those corresponding to physiological noise to be sampled directly, giving rise 

to many new effects.  Accordingly, studies suggest that with SMS-EPI, residuals of noise can be clearly 

detected in non-noise components if not accounted for (Scheel et al., 2014; Agrawal et al., 2020). 

Furthermore, it has been reported that physiological noise scales with the sensitivity of fMRI 

measurements (Agrawal et al., 2020; see (Hutton et al., 2011; Krüger and Glover, 2001; Triantafyllou 

et al., 2005). For these reasons, appropriate physiological noise removal is deemed critical with SMS-EPI 

during task-related fMRI (Scheel et al., 2014; Agrawal et al., 2020).  

 

A generally accepted and effective physiological noise removal technique is RETROICOR (Glover et al., 

2000; see Caballero-Gaudes and Reynolds 2017 for a review on fMRI cleaning methods), which creates 

physiological noise regressors based on cardiac and respiratory signal which can then be added to the 

GLM. In this work, we recorded cardiac and respiratory signals. However, closer inspection revealed that 

the cardiac recordings were corrupted by interference of the fMRI-related signal corresponding to the 

multiband-sequence (~1 Hz) in the same range of the heart-beat frequency of the heart (~1 HZ), which 

left it impossible to separate both signals as would have normally been possible. Therefore, we opted for 

to use aCompcor which is a method that infers noise-related signals directly on the brain which can then 

be used to create physiological regressors (Bezhadi et al. 2017). A disadvantage of this method, is that it 
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also detects movement-related components which can be task-correlated, especially in the contexts of 

pain-related paradigms (Caballero-Gaudes and Reynolds 2017). For this reason, we included an 

additional intermediate step, which consisted of first-removing task-related voxels (see methods), 

However, this might have made the cleaning overall less effective as the aim is to clean noise-related 

components that confound task-related periods (used to estimate beta-estimates). RETROICOR is able to 

effectively separate noise- and task related signals due to the different harmonics of physiological signals 

(Scheel et al., 2014; Birn et al., 2006). As such, we propose that the issue might be resolved using 

RETROICOR limited to respiratory artefacts. 

 

 

4.5 Limitations 
 

The present study had several limitations. First, even though the results on the pain anticipation period 

are in line with previous reports on mindfulness-based pain regulation as well as a larger literature on 

pain anticipation, at this stage, they should be interpreted with caution, given the methodological issues 

we encountered when analyzing the pain periods and putatively pertaining to physiological noise artifacts. 

Furthermore, the presentation of the relief cue overlapped with the early pain period. As such it was not 

modeled, but its associated response could still have influenced the pain-related regressor. However, we 

contend that this is unlikely to have influenced results, since we primarily examined state and group 

differences, and the contribution of the relief cue would thus have been canceled out. Similarly, the 

temperature of long painful stimuli was dropped slightly by 1° C two seconds in the stimulation, as initial 

pilots revealed that long painful stimuli would otherwise be unsustainable. This risked inducing offset 

analgesia. However, here also we contend that the examination of state and group differences would 

have largely canceled out such effects. Third, due to time constraints, the study lacked a baseline 

condition. This could have helped us to better understand the reason of the absence of state effects in 

this study. 

 

 

 

5. Conclusion 

 

 

The present work shows that mindfulness expertise is associated with decreased pain anticipation, 

including in left aINS, whose lower pre-stimulus activity positively predicted increased sensory-affective 

uncoupling of pain across participants. Nevertheless, methodological limitations prevented us to test our 

prediction that the aINS is a sensitive marker of present-centeredness vs conceptually driven top-down 

processing. Therefore, regressing explicitly respiratory artefact could improve our approach.  
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Supplementary information 
 

 

1. Task instructions 

Written instructions 

Distraction condition: Concentrate your mind on the numbers and visual cues on the screen. Whenever a 

new number appears, mentally add it to the total sum of the previous number(s). You should focus your 

attention only on the numbers and the cues. Block all other emotions, sensations, or thoughts that may 

arise during the calculation task. Be very focused so that you don't miss any number or cue. 

OM condition: Start to anchor your attention in your body. Simply rest your body. Relax your muscles. 

Rest your mind without blocking anything. Allow everything to arise in the field of awareness as it is in the 

present moment. The body and the mind rest in unity. Gently watch the numbers and the cues appear on 

the screen. Pay attention to cues, while not doing anything in particular with the numbers. When the 

thermal stimulus arises, gently let it be a support for your attention. You know that you are feeling the 

sensation; you recognize it, while resting the mind on this support. While resting your attention on the 

thermal sensation, thoughts, or emotions may arise. Just let them be in the vast field of your awareness 

while remaining at ease in the present moment. 

Auditory instructions 

Distraction condition: Concentrate your mind on the number and the visual cues on the screen. You 

should focus your attention completely on the screen and the counting task. Block all the emotions, 

sensations and thought that arise during this task. Be very concentrated so that you don’t miss any 

number or visual cue. 

OM condition: Relax your body and your mind, there is no need to block anything. When the heat 

stimulation starts, gently be aware of it. Be aware of your experience of this sensation and let your mind 

relax with it. When any thoughts or emotions arise, let them be there in the vast space of your awareness. 
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2. Self-reports           

Different self-report questions: 

‘Intensity: How hot was the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely hot 

‘Unpleasantness: How much did the stimulation bother you?’  

Labels: 1 = Not at all, 9: Extremely 

‘Relief’: How relieved where you by the end of the stimulation?’ 

Labels: 1 = Not at all, 9: Extremely 

 ‘Meditation Instruction’: To what degree where you able to follow the instruction?’ 

Labels: 1 = Not at all, 9: Completely 

‘Addition’: What is the total sum of the numbers that were presented?’ 

5 different two digit-numbers were presented, one of which was the correct answer. 

Presentation frequency: 

OM condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Meditation 4 x Meditation 4 x Meditation 

Distraction condition: 

10 x Warm Long  10 x Hot Long 10 x Short Long 
6 x Unpleasantness 6 x Unpleasantness 6 x Unpleasantness 

6 x Relief 6 x Relief 6 x Relief 

4 x Intensity 4 x Intensity 4 x Intensity 

4 x Addition 4 x Addition 4 x Addition 
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3. Brain activity during early pain for novices and experts 

Brain regions k Peak MNI Coordinates 
 X              Y               Z 

Z p 

Novices       
R Middle frontal gyrus 
           R Inferior frontal gyrus  
           R Middle frontal gyrus 

1767 
- 
- 

34 
38 
32 

10 
     20 

22 

14 
     6 

14 

5.4 
4.7 
4.7 

<0.001 
      - 
      - 

R Middle frontal gyrus 
           R Superior frontal gyrus 
           R Middle frontal gyrus 

1343 
- 
- 

32 
22 
42 

 44 
 48 
52 

18 
22 

     8 

4.4 
4.3 
3.9 

<0.001 
      - 
      - 

L Precentral gyrus  
           R Precentral gyrus 

334 
- 

0 
8 

    -32 
-28 

68 
78 

4.3 
3.7 

<0.001 
      - 

L Lateral orbital gyrus 
         L Middle frontal gyrus 
         L Middle frontal gyrus 

637 
- 
- 

-36 
-20 
-38 

 48 
42 
30 

   -10 
24 
40 

4.1 
3.9 
3.3 

<0.001 
      - 
      - 

L Inferior frontal gyrus 
          L Inferior frontal gyrus 
          L Anterior insula short gyrus 

225 
- 
- 

     -
36 

     -
42 

     -
34 

 20 
18 
20 

     8 
     2 
    -6 

4.1 
3.8 
3.3 

<0.001 
      - 
      - 

R supramarginal gyrus 
          R supramarginal gyrus 
          R supramarginal gyrus 

  354 
     - 
     - 

58 
48 
56 

-26 
-20 
-18 

30 
26 
20 

3.9 
3.8 
3.5 

<0.001 
      - 
      - 

Experts       
R Inferior frontal gyrus 
          R Postcentral gyrus 
          R Insula posterior long gyrus 

5606 
- 
- 

34 
34 
38 

16 
-18 

0 

12 
20 

8 

5.6 
5.5 
5.4 

<0.001 
- 
- 

L Supramarginal gyrus 
         L Pallidum 
         L Inferior frontal gyrus                                                                 

 
2092 
     - 
     -      

-60 
-14 
-34 

-26 
6 

22 

18 
-6 
6 

4.7 
4.4 
4.3 

<0.001 
- 
- 

L Middle superior temporal gyrus 
         L Insula posterior long gyrus 
         L Middle superior temporal gyrus 

  240 
     - 
     - 

-40 
-38 
-40 

    -24 
    -14 
    -18 

6 
-6 
12 

    4.1 
    3.9 
    3.5 

<0.024 
- 
- 

R Superior frontal gyrus 
         R Anterior cingulate gyrus  
         R Superior frontal gyrus 
 

  358 
     - 
     - 

6 
4 
4  

18 
8 

14 

42 
38 
56 

4.0 
3.8 
3.4 

<0.001 
- 
- 

 
Activations were classified according to the Hammersmith atlas [Hammers et al., 2003; Faillenot et al., 2017]. X, y, 

z coordinates (MNI) and statistical information (Z-statistic and p-value) refer to peak voxels in the identified 

clusters. P-values are adjusted for family-wise error correction for multiple comparisons across the whole brain. 

Subpeaks as provided by SPM are listed. 
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General discussion 

 

General summary 

This work aimed to examine the cognitive, phenomenological and neuronal mechanisms underlying 

mindfulness-based pain regulation. Methodologically, defining and novel features of the present work 

were: i) the recruitment of a carefully recruited sample of expert meditators from the Kagyu or Nyingma 

school of Tibetan Buddhism, ii) a rigorously trained novice control group that was extensively trained in 

mindfulness meditation and familiarized with related phenomenological dimensions during a formal 

meditation training weekend, and iii) a novel fMRI-scanner acute pain paradigm that was designed to 

amplify the cognitive-affective aspects of pain. The overarching guiding hypothesis was that the specific 

meta-cognitive stance labeled cognitive defusion underlies sensory-affective uncoupling of pain during 

mindfulness meditation by its opposing effects on pain catastrophizing-related processes. More broadly, 

this research was embedded in an overarching research project that attempted to identify biomarkers of 

metacognitive states in opposition to those of maladaptive mental states characterized by cognitive and 

emotional reactivity. 

We hypothesized that a mindfulness state and expertise would both be associated with increased 

sensory-affective uncoupling of pain experience. Additionally, we predicted that this uncoupling would be 

predicted by trait pain catastrophizing, which would be lower in expert meditators (Study 1). 

Furthermore, in line with the hypothesized important of cognitive defusion in mindfulness-based pain 

regulation, and its theoretical conceptualization as a process opposite to and at the root of what causes 

pain catastrophizing (i.e. the believability of thoughts), we expected that the construct of cognitive 

defusion, as measured by the DDS, would be specifically and inversely related to the construct of pain 

catastrophizing, as measured by the PCS. We additionally examined the respective relationship of 

cognitive defusion and pain catastrophizing to subjective pain reports (Study 2).  

Finally, we hypothesized that the aINS is a sensitive marker of present-centeredness versus  top-down 

conceptual processing, which would be reflected in lower mindfulness-related activity during pain 

anticipation and late pain respectively reflecting decreased anxious pain anticipation and reduced 

ruminative processing; consistent with decreased top-down salience processing, but increased activation 

during early pain reflecting increased bottom-up salience processing. We additionally, aimed to explore 

the relation of aINS-chronometry to pain catastrophizing and sensory-affective uncoupling of pain 

experience (Study 3). 
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In study 1, we found that OM meditation compared to attentional distraction, reduced ratings of 

unpleasantness but not intensity for novice and expert practitioners. Experts reported higher sensory-

affective uncoupling of pain, during short, but particularly during long pain stimuli. In experts, this 

meditation-induced uncoupling spilled over to the control condition. Experts reported lower trait pain 

catastrophizing compared to novices, and lower pain catastrophizing positively predicted higher sensory-

affective uncoupling of pain across groups and task conditions.  

In study 2, we found that the DDS and PCS were negatively correlated and shared unique variance that 

survived controlling for variance shared with other cognitive-emotional constructs, including anxiety 

(STAI), depression (BDI) and worry (PSWQ), as well as other mindfulness-related dimensions, including 

the mindfulness dimensions of the FFMQ and interoceptive awareness (MAIA). In addition, we found that 

relationships between PCS and every other construct were no longer significant when controlling for 

DDS, questioning the specificity of the relationship of these constructs to PCS. As expected, both PCS 

and DDS specifically predicted pain unpleasantness as opposed to pain intensity but in the opposite 

direction, positively and negatively respectively. 

In study 3, we found that mindfulness expertise lowers representations of pain anticipation including in the 

dlPFC, ACC and left aINS, all regions known to be implicated in conscious pain expectation. Furthermore, 

prestimulus activity in the left aINS positively predicted sensory-affective uncoupling of pain across 

participants. No state-effects were observed during pain anticipation. Due to methodological issues we 

were not able to test hypotheses on early and late pain periods. 

Collectively, these finding suggest that the novel experimental pain paradigm and novice training protocol 

delivered there intended effects. The findings replicate previous work, extend this research in several 

ways, and open up new avenues for exploration, as will be discussed more extensively below. 
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The relation of mindfulness meditation to sensory-affective uncoupling of pain and pain 
catastrophizing 

Using a novel fMRI-scanner acute pain paradigm that was designed to amplify the cognitive-aspects of 

pain experience we found evidence for the longstanding claim that mindfulness meditation leads to 

sensory-affective uncoupling of pain by counteracting pain-catastrophizing related processes. We 

observed clinically relevant trait-like and state effects.  

With respect to trait-like effects (across task conditions) we observed that experts reported lower pain 

amplification as compared to novices (lower increase in pain unpleasantness but equal increase in pain 

intensity between short and long trial types), as well as larger sensory-affective uncoupling of pain, 

particularly during long trial types, which could be explained by lower trait pain catastrophizing for experts 

as compared to novices. These findings suggest that reduced pain catastrophizing is an important 

mechanism underlying mindfulness-related sensory-affective uncoupling of pain and reduced pain 

amplification. This finding is clinically important as pain catastrophizing is a key factor aggravating pain, 

and has been implicated in the maintenance and exacerbation of chronic pain (Edwards et al., 2016; 

Gatchel et al., 2007). Our results suggest that pain catastrophizing is a malleable trait that can be altered 

with mindfulness meditation. In an attempt to gain further insight into dosage-effects, we tested whether 

experts’ lifetime meditation experience could predict pain catastrophizing scores. This was not the case, 

which was possibly due to the very high level of meditation experience for experts (~ 40.000 h on 

average) inducing a ceiling effect. As such, it remains unclear how much meditation practice is needed to 

effectuate trait changes, or indeed whether mindfulness meditation was the causal factor of lower pain 

catastrophizing scores in experts at all. Future longitudinal studies or studies including intermediate to 

advanced meditators could shed light on this issue.  

Arguing for clinically feasible dosage-effects is the observation of state sensory-affective uncoupling of 

pain, following brief formal mindfulness training in novices. Specifically, OM compared to attentional 

distraction reduced ratings of unpleasantness but not intensity across groups. For experts, this finding 

replicated a previous study reporting sensory-affective uncoupling of pain in a comparable sample during 

OM (Perlman et al., 2010). For novices, this is the first time such a finding is observed as earlier studies 

on OM-like techniques did not observe effects for control participants possibly due to a lack of formal 

meditation training in these studies (Perlman et al., 2010; Gard et al., 2012). Our study differed from this 

previous work in that novices underwent a highly novel formal meditation protocol in which they were 

acquainted with different meditation techniques as well as familiarized with several phenomenological 

dimensions relevant to mindfulness meditation, followed by several weeks of home practice (~ 20 h on 

average). Surprisingly, practice metrics for novices could not predict the state effect (reduced 

unpleasantness with OM). Instead, time elapsed since the meditation weekend emerged as the only 

significant predictor, such that novices who participated closer to the meditation weekend reported larger 

state effects. Further inspection revealed that this could potentially be explained by motivation effects. 



                                                      
 

170 
 

Specifically, we had reported before that novices who enrolled in the training protocol initially showed high 

motivation, but that the intensity of practice linearly decreased over weeks (Abdoun et al. 2019), 

paralleling the decrease in state effect. If indeed true, this finding has several important clinical 

implications. First, it suggests that, for beginner meditators, a continuous and disciplined effort may be 

required to achieve sustained effects on pain regulation. In this light brief and intense formal meditation 

booster sessions might be an outcome. Second, the finding point to the importance of taking into account 

sustainability of effects as initial results may be overly optimistic. Lastly, the results beg the question of 

how much effort is required to maintain effects and whether the capacity to non-judgmentally monitor pain 

can become learned and effortless (as the findings on experts suggest), and if so, at which stage. These 

are interesting avenues for future research. 

The role of cognitive defusion in mindfulness-based pain regulation 

Another novelty of the present work was that it aimed to bridge two literatures: one extensive and 

established literature of the negative role of pain catastrophizing in pain experience (e.g. Sullivan et al., 

2001; Edwards et al., 2006Gatchel et al., 2007; Crombez, 2013; Edwards et al., 2016), and another 

emerging literature on the capacity for metacognitive processes such as meta-awareness and 

dereification, commonly collapsed into the single construct of cognitive defusion, to counteract 

maladaptive cognitive and emotional states and to cultivate well-being (Chambers et al., 2009; Lutz et al., 

2015; Dahl et al., 2015; McCracken et al., 2013a). We were specifically guided in our investigations by a 

new phenomenological model of meditation practices grounded on clinical and traditional Buddhist 

contemplative accounts. Based on this and other work (Kabat-Zinn, 1982; McCracken et al., 2013a), we 

hypothesized that the lack of cognitive defusion or cognitive fusion is the process at the basis of what 

causes one to catastrophize about pain (i.e. the believability of thoughts). Therefore, cognitive defusion, a 

process cultivated with mindfulness meditation should counteract pain-catastrophizing related processes 

and show an inverse relation to pain.  

In support of the central role of cognitive defusion in mindfulness-based pain regulation, we found that the 

DDS, showed a highly specific inverse relationship to the PCS. Our finding that this relationship survived 

controlling for several other more general cognitive-emotional constructs including the PSWQ (worry) and 

the different mindfulness dimensions is an important advance over the current literature as virtually all 

psychometric investigations on the relationship between pain catastrophizing and mindfulness have 

focused on and reported relationships between the PCS and FFMQ-scales that have recently been 

reported to be non-specific as they could be fully explained away by the PSWQ (worry) a general anxiety-

related construct (Day et al., 2015). Our findings show that the PCS, as well as several other cognitive-

emotional and mindfulness-related constructs, are better explained by the DDS, providing compelling 

support for the centrality of this construct in relation to other psychological constructs. Further showing its 

importance to mindfulness-based pain regulation, DDS was significantly higher in experts (in accordance 
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with its inverse relationship to PCS), and showed an inverse relationship to pain experience, with both 

constructs specifically predicting  pain unpleasantness as opposed to pain intensity. The relationship of 

DDS to pain unpleasantness survived controlling for PCS in the control state, but not vice versa, in line 

with the hypothesized primacy of DDS, although this finding warrants replication with more general and 

perhaps clinical samples. Nevertheless, our results are promising and highlight DDS as a potential 

mediator of change following mindfulness-based interventions for the management of chronic pain. A 

finding in line with the mediating role of cognitive defusion-related constructs on reductions in depression 

symptomatology following mindfulness-based interventions (Bieling et al., 2012: Farb et al., 2018), and 

reported positive associations between decentering-related constructs and pain-related outcomes 

(McCracken et al., 2013a,b, 2014).  

 

Neuronal correlates underlying mindfulness-based sensory-affective uncoupling of pain 

In this work, we aimed to explore the tentative hypothesis that the chronometry of the anterior isula (aINS) 

is a sensitive marker of present-centeredness vs top-down-conceptual processing (as reflected in 

decreased activity during pain anticipation and late pain reflecting decreased anxious anticipation and 

pain rumination respectively, but increased activation during early pain, reflecting increased bottom-up 

salience processing. We could confirm our hypothesis that mindfulness expertise is associated with a 

downregulation of neuronal representations of pain anticipation, including in the left aINS, whose pres-

stimulus activity negatively predicted sensory-affective uncoupling of pain across participants. This finding 

replicates previous work by Lutz and colleagues who showed that mindfulness meditation is associated 

with decreased left aINS activation during pain anticipation (Lutz et al., 2013). The present work made an 

important contribution to this previous work by showing that lower pre-stimulus activity predicts 

mindfulness-related sensory-affective uncoupling of pain. Nevertheless, contrary to our hypotheses, we 

were not able to show any relationship of pre-stimulus aINS-activity to pain catastrophizing scores, or 

evidence for a modulation by state. Furthermore, we were not able to test our hypotheses on pain periods 

due to persisting methodological issues. As such the testing of several hypotheses and the corroboration 

of the promising behavioral results on the cognitive and phenomenological mechanisms underlying 

mindfulness-based pain regulation awaits resolvement of this issue. Only then will we be able to tell 

whether this work can advance our understanding of the neuronal correlates underlying mindfulness-

based pain regulation.  

 

Future directions  

We see several exciting possible future directions. First, we think that our findings warrant future 

investigation of the effect of mindfulness meditation on pain catastrophizing and cognitive defusion in 
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chronic pain samples. In this sense, the present work can be considered an effort to identify markers of 

mindfulness-based pain regulation which can then be used to guide longitudinal and mechanistic 

investigations on the efficacy of mindfulness-based interventions for the treatment of chronic pain. 

Ultimately, the utility of the findings of the present work and similar others depend largely on their 

extendibility to clinical samples. As such it is timely that such investigations start. 

Furthermore, although not mentioned in the primary thesis, we additionally implemented a qualitative 

approach that allowed us to identify phenomenological clusters in participants relating to pain-related 

coping styles. Identified clusters were then used to predict several measures relating to the pain task of 

the present work, including participants’ pain sensitivity, subjective pain reports and reported 

phenomenological dimensions. It was shown that the phenomenological clusters each relate to a specific 

pain-related phenomenological profile in ways congruent with known features of each coping style (see 

Annex III). As such, it seems warranted to let some of the behavioral and neuronal explorations be guided 

by the phenomenological dimensions or alternatively the phenomenological clusters identified in this 

work. 

Finally, we hope to be soon able to continue the exploration of the neuronal correlates underlying 

mindfulness-based sensory-affective uncoupling of pain and hope that this yields results as exciting as 

the ones we found in the behavioral analyses. Regressing respiration artefacts could potentially solve the 

methodological issues relating to the fMRI. 

 

Conclusion 

This work identified pain catastrophizing and cognitive defusion as two interrelated cognitive mechanism 

underlying the effects of mindfulness-based sensory-affective uncoupling of pain. It also demonstrates the 

value of using a first-person approach in identifying novel aspects of mindfulness-based pain regulation. 

Finally, it made a start at unraveling the neuronal correlates of mindfulness-based pain regulation by 

showing that expertise in mindfulness meditation downregulates neuronal representations of pain 

anticipation in the left anterior insula, whose pre-stimulus activity negatively predicted sensory-affective 

uncoupling of pain across participants. We hope to be able to complement these finding in the near future 

with further results on the actual neuronal correlates of mindfulness-based sensory-affective uncoupling 

of pain.   
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Qualitative interviews of meditators reveal phenomenological 
fingerprints of pain regulation which predict self-reports during 
thermal pain stimulations 
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Lyon, France 

 
Abstract 

Pain triggers different coping strategies modulated by psychological mechanisms, beliefs and 

expectations. Mindfulness meditation (MM) has shown to alleviate pain and mental suffering through 

different mechanisms such as positive reappraisal, attentional and emotional regulation. Yet, subjective 

experience and meaning of pain in connection with MM are still largely unexplored. The present mixed-

methods study combined an interpretative-phenomenological qualitative approach with an experimental 

thermal pain paradigm to explore and compare the meaning of experiencing pain of 32 novices who 

received short meditation training and 30 experts in meditation practice (more than 10, 000 hours in life). 

We collected the qualitative data during in-depth semi-structured interviews where we probed 

participants’ coping strategies. During the pain task, we collected self-reports relative to unpleasantness, 

avoidance, openness, vividness and blissfulness. Three phenomenological clusters (PhC) emerged from 

the interviews, which described pain as an unpleasant sensation requesting 1) experiential avoidance-

suppression, 2) volitional agency-distancing, 3) or a positive cognitive reappraisal and flexibility. Two 

additional clusters (4-5), containing mostly expert meditators, thematized pain sensation as an 

opportunity to gain metacognitive insights about mental processes, and to deconstruct one’s suffering 

through these insights. PhC 5 further integrates these insights with the recognition that suffering is part of 

the shared human experience and with the aspiration to relieve others from suffering. Each PhC was 

correlated to a unique profile of self-reports during the pain paradigm. These findings could inform clinical 

practices of MM. They also warrant the integration of this mixed-method approach with brain imaging data 

to refine the experiential neuroscience of pain. 
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PhC1 gathers metacodes characterized by cognitive monitoring and self-evaluative patterns. Participants 
provide a combination of pain catastrophizing and avoidant strategies. Intense pain is either eliminated or 
avoided through behavioral diverting activities. Participants in this cluster develop anticipatory worry that 
hinders the contact with the incoming sensation.  
 
PhC2 gathers metacodes characterized by cognitive control marked by a pronounced sense of agency 
and self-efficacy towards pain based on self-distancing from the sensory level which immediately 
becomes peripheral. Cognitive control is reached by suppressing the sensation of pain at the bottom 
level, nipping it in the bud and cutting it off. 
 
PhC3 gathers different ways to positively reappraise pain through metacognitive knowledge, providing 
short descriptions based on cognitive and emotional relativation. Without providing experience of intense 
pain, participants adjust their attitude cultivating cognitive flexibility and bodily awareness.  
 
PhC4 deconstructs pain and related suffering through non-preferential metacognitive-awareness. Pain 
offers the opportunity to gain metacognitive insight about self and mental processes and to deconstruct 
one’s suffering through these insights. Afflictive, reactive patterns are deconstructed, approaching pain 
with equanimity.  
 
PhC5 integrates the previous deconstructive strategy with altruistic aspirations. Pain becomes an 
opportunity to integrate deep contemplative insights with the recognition that suffering is part of the 
shared human experience and with the aspiration to relieve others from suffering. Pain is thus altered 
accepting, rather than reflexively acting on, thoughts and emotions. 
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