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Abstract

Chronic drug use is theorized to induce cortico-striatal neuroplasticity, driving an allostatic process 

marked by increased sensitivity to drug-related cues and decreased sensitivity to natural rewards 

that results in anhedonia and a dearth of positive affect. As such, positive emotion regulation 

represents a key mechanistic target for addictions treatment. This paper provides a conceptual 

model detailing how mindfulness may synergize a range of positive affective mechanisms to 

reduce addictive behavior, from savoring the hedonic pleasure derived from natural rewards, to 

self-generating interoceptive reward responses, and ultimately to cultivating self-transcendent 

meaning. These therapeutic processes may restructure reward processing from over-valuation of 

drug-related rewards back to valuation of natural rewards, and hypothetically, “reset” the default 

mode network dysfunction that undergirds addiction.
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1. Introduction

Throughout history humans have used drugs to alter consciousness, and in particular, to 

modify negative emotions, blunting the sting of loss, the ache of sadness, the fire of rage, the 

bite of fear. Yet, individuals often engage in substance use not only to regulate negative 

emotions, but also to induce positive ones. Though the independence vs. bipolarity of 

negative and positive emotion has been long debated in the literature, modern theory 
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suggests that negative and positive affect are not mere opposites on a bipolar continuum, but 

rather are constructed by the brain as phenomenologically distinct action tendencies [1]. 

Thus, in addition to the well-established connection between addiction and negative 

affectivity, there may be a unique association between positive affect and addictive behavior. 

In fact, a robust body of clinical and pre-clinical research indicates that recurrent substance 

use is associated with deficient positive affectivity and concomitant dysregulation of brain 

reward systems. Whether deficits in positive affect are the cause, correlate, or consequence 

of addiction remains uncertain, with rigorous longitudinal studies of this phenomenon just 

beginning to emerge.

The premise of this paper is that regardless of their point of origin in the natural history of 

substance use disorder (SUD), positive affective deficits fuel addictive behavior as a means 

of obtaining hedonic equilibrium, and therefore, positive emotion regulation represents a key 

mechanistic target in addiction treatment. To underscore this point, here I first provide a 

brief review of deficient positive affectivity in addiction, using opioid use disorder (OUD) as 

the paradigmatic example. Next, I present a conceptual model of the positive affective 

mechanisms by which interventions can reduce addictive behavior. Finally, I present 

empirical data from my own mindfulness research to support this model.

2. Deficient Positive Affectivity in Addiction: The Example of OUD

2.1. Brain Reward Deficits in Addiction.

Chronic substance use is thought to induce neuroplasticity in cortico-limbic-striatal circuitry, 

driving an allostatic process marked by increased sensitivity to drug-related cues and 

aversive stimuli (e.g., stressors and pain), coupled with an increasing insensitivity to natural 

rewards that results in reduced hedonic tone and mounting dysphoria. By stimulating the 

same neural systems that evolved to process the value of natural rewards like food and sex 

[2,3], drugs come to usurp the value of such primary rewards, as well as the secondary 

rewards (e.g., money) that serve as their proxy. To compensate for this shift in reward 

threshold and maintain hedonic equilibrium, individuals may escalate substance use, which 

elicits opponent processes in the brain that propel a downward spiral of emotion 

dysregulation, blunting positive affective responses to natural rewards while increasing 

reactivity to aversive states [4].

The allostatic effects of chronic drug use on hedonic neural functions are particularly 

pernicious in the case of opioid misuse and OUD insofar as exogenous opioids interact with 

endogenous opioid systems that mediate regulation of emotion and hedonic responses to 

natural rewards (including social rewards) [5]. Theoretical models suggest that chronic use 

of exogenous opioids (e.g., heroin, oxycodone) dysregulate positive emotional responding, 

promoting opioid dose escalation as a means of preserving a dwindling sense of well-being 

[6]. In that regard, survey research has consistently demonstrated that both opioid misuse 

and OUD are associated with elevated levels of anhedonia [7] – the self-reported inability to 

experience pleasure. Similarly, a growing body of psychophysiological studies demonstrate 

positive affective and reward-related deficits among individuals with opioid misuse and 

OUD. Compared with healthy controls, patients with current OUD and those in remission 

exhibited blunted emotional responses to positive stimuli relative to neutral stimuli [8]. 
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Furthermore, patients with OUD evidence reduced neurophysiological responses to 

representing natural rewards relative to drug cues that significantly predicts future heroin use 

[9]. Reduced positive affective reactivity is also evident among people who misuse and are 

addicted to prescription opioids, who evidence reduced attentional, autonomic, and self-

reported reward responsiveness, as well as blunted prefrontal cortical response to natural 

rewards [10–13]. Among opioid misusers, reduced positive affect in response to viewing 

positive images statistically mediates the association between opioid misuse severity and 

craving [10], suggesting that opioid misusers may crave opioids when they experience 

anhedonic responses to naturally-rewarding stimuli.

Such deficient positive affectivity among opioid users may stem from the long-term 

neuropsychopharmacological effects of opioids on the structure and function of brain reward 

circuitry. Cross-sectional human positron emission tomography studies indicate that patients 

with OUD have lower dopamine D2 receptor availability in the striatum than healthy 

controls [14]. Other cross-sectional studies found that patients with OUD and prescription 

opioid dependent patients exhibit reduced striatal grey matter [15], decreased amygdala 

volume and decreased functional connectivity between limbic and striatal regions, with 

greater years of opioid use associated with weaker nucleus accumbens functional 

connectivity [16]. Complementing these findings, children who were exposed to opioids in 
utero exhibit volumetric decreases in reward-related basal ganglia structures including 

nucleus accumbens, caudate, and putamen [17]. As suggestive as these data are, longitudinal 

studies are needed to determine the impact of opioid exposure on brain reward function. Few 

such studies exist. However, a longitudinal neuroimaging study of opioid-naïve chronic pain 

patients who initiated a one-month course of opioid therapy found volumetric decreases in 

gray matter of the amygdala and orbitofrontal cortex from pre- to post-treatment via tensor-

based morphometry that were maintained approximately 6 months after cessation of opioid 

administration [18]. Pathophysiological changes in these two brain structures subserving 

reward processing support the notion that opioid exposure can undermine positive 

affectivity.

2.2. The Restructuring Reward Hypothesis.

If progression to addiction involves blunted natural reward processing and anhedonia which 

promotes drug use as a means of compensating for the resultant dysphoria, then it stands to 

reason that reversing this allostatic process might be an effective means of treating addiction. 

Thus, my colleagues and I proposed the restructuring reward hypothesis: shifting valuation 

from drug-related rewards back to valuation of natural rewards by strengthening positive 

emotion regulation will reduce craving and addictive behavior [19]. Unfortunately, extant 

pharmacotherapies for OUD (and other SUDs) have not been shown to remediate the 

aforementioned psychobiological deficits in positive emotion regulation. Blunted reactivity 

to non-drug rewards has been observed in dorsolateral prefrontal cortex (dlPFC) and ventral 

striatum among patients receiving medication for OUD (i.e., methadone) [20] – suggesting 

that reward deficits remain untreated by one of the most effective first-line medications for 

OUD. However, novel behavioral interventions may have particular promise in modulating 

positive affective and reward-related mechanisms. In the next section of this review, I 

provide a conceptual model of these potential therapeutic targets.
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3. Conceptual Model

As shown in Figure 1, biobehavioral interventions for OUD and other forms of addiction 

could be optimized to target three core positive affective/reward mechanisms:

1. Savoring hedonic pleasure from natural rewards by focusing on pleasant features 

of naturally rewarding stimuli and the resulting positive emotions and bodily 

responses that occur while doing so.

2. Attending to and self-generating internal reward responses by cultivating 

interoceptive awareness to delimit aversive somatic experiences (i.e., negative 

emotionality, pain, and craving), increase awareness of pleasurable sensations, 

and self-generate internal reward responses.

3. Reappraising meaning and cultivating self-transcendence by modulating 

associative learning and “default mode” self-referential processing, thereby 

tapping into stimulus-independent happiness and eudaimonic well-being.

Given its putative effects as a “domain general” cognitive amplifier [19], I hypothesize that 

mindfulness may facilitate these three downstream positive psychological mechanisms, 

which, by virtue of their potential effects on corticostriatal circuitry function, may 

restructure reward processing from valuation of drug-related rewards back to valuation of 

natural rewards. As an example of how addiction treatments might integrate these 

mechanisms of action, here I briefly detail my research on Mindfulness-Oriented Recovery 

Enhancement (MORE), a biobehavioral intervention that integrates mindfulness with 

reappraisal and savoring techniques to amplify positive emotion regulation and thereby 

reduce addictive behavior.

4. Savoring Hedonic Pleasure from Natural Rewards

By virtue of sensitization of the mesocorticolimbic dopamine system, repeated drug use 

imbues drug-related cues with incentive salience [21], resulting in an attentional bias 

towards such cues [22] that contributes to craving and addictive behavior [23]. 

Concomitantly, increased attentional engagement towards drug cues coupled with attentional 

disengagement from natural rewards predicts relapse [9]. Countering this process by re-

orienting attention away from drug-related cues and towards natural rewards might therefore 

be therapeutic – and indeed, patients who successfully maintain abstinence exhibit this 

reversed attentional bias profile [24]. To effect such a reversal, cognitive behavioral therapy 

(CBT) often includes behavioral activation to increase engagement in rewarding life 

activities. To the extent that behavioral activation increases exposure to natural rewards, it 

may increase activation in brain reward circuity [25]. However, merely being physically 

present with a natural reinforcer may not counter cognitive biases that divert attention away 

from natural reward and toward drug-related stimuli. In that regard, a recent review found no 

evidence that behavioral activation (or CBT as a whole) can significantly improve anhedonia 

in OUD [7].

Specific attentional training in savoring may be needed to disrupt addiction attentional bias 

and increase sensory-perceptual contact with the rewarding stimulus. Savoring involves 
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attending to the pleasant features (e.g., visual, auditory, gustatory, olfactory, tactile, or 

kinesthetic) of a naturally rewarding stimulus while tuning meta-awareness toward the 

positive emotions and pleasurable sensations that emerge during contact with the stimulus 

[26]. In that sense, savoring involves an element of mindfulness, and mindfulness-based 

amplification of sensory-perceptual contact, evident in electrocortical markers of emotional 

attention [27], may increase reward experience from naturally rewarding stimuli (i.e., social 

affiliation, food, natural beauty, for example see [28]). As such, we proposed that 

mindfulness promotes savoring of natural rewards by stabilizing and reorienting attention 

from distraction onto the pleasant stimulus, and then by deepening meta-awareness of 

positive emotional and interoceptive responses to the stimulus [29].

MORE leverages this synergy via a mindful savoring technique in which patients are first 

taught to attend to the pleasant colors, textures, and scents of a rose, as well as the touch of 

its petals against the skin, while remaining sensitive to their own emotional response to the 

flower (Figure 2). When patients become aware of sensations of pleasure or positive 

emotions, they are then instructed to turn attention inward, and mindfully savor the pleasant 

internal experience and the arising of any higher-order affective associations until they begin 

to fade, at which point attention shifts outward again to appreciate the flower once more. 

Hypothetically, this toggling of exteroceptive and interoceptive attention on pleasant 

perceptions, sensations, cognitions, and emotions may overcome the “hedonic treadmill 

effect” [30] to intensify and prolong the pleasant experience. After learning this technique, 

patients in MORE are instructed to practice mindful savoring with other, more personally 

meaningful pleasant stimuli that naturally occur their everyday lives. In multiple studies, 

MORE has been shown to increase subjective, autonomic, and neurophysiological responses 

to natural reward stimuli among samples exhibiting opioid misuse [31,32], nicotine 

addiction [33], and obesity [34]. In these studies, enhanced responsiveness to natural reward 

following treatment with MORE was associated with reductions in craving, substance use/

misuse, and attentional bias, providing robust support for the restructuring reward 

hypothesis.

5. Attending to and Self-Generating Internal Reward Responses

Insofar as the allostatic effects of addiction may produce dysphoria, patients with SUD may 

become insensitive to fleeting, pleasure responses to natural rewards, especially when 

overwhelmed by aversive body sensations associated with craving –including tension, 

jitteriness, restlessness, shallow breathing, and stomach cramps. To remedy this biased form 

of cognitive processing, nuanced and fine-grained use of mindfulness to interoceptively map 

and delimit the spatial distribution of aversive sensation may facilitate balanced and holistic 

appraisals of the body’s physiological condition by increasing awareness of pleasant 

sensations occurring contemporaneously with unpleasant ones. Although mindfulness-based 

interventions aim to cultivate a non-evaluative, non-reactive awareness of present moment 

experience regardless of its affective valence, nonetheless the practice of mindfulness may 

magnify embodied pleasure in response to stimulation, as in sex and eating [28,35], and also 

induce positive emotions and blissful body sensations in the absence of pleasant external 

stimulation [36].
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MORE provides training in a mindful interoceptive mapping technique to limit aversive 

sensation and self-generate positive emotion and pleasant body sensations (Figure 3). 

Specifically, patients are instructed to practice mindfulness to “zoom in” and decompose 

unpleasant internal experiences (e.g., craving, negative emotions, or pain) into their 

constituent sensations (e.g., tightness, vibration, heat) and heighten awareness of the center, 

edges, and permeability (versus solidity) of these sensations while noticing any proximal or 

distal pleasurable sensations. In accordance with ancient Indo-Tibetan contemplative 

traditions, this practice may yield the insight that all sensations, regardless of their valence, 

can be marked by the qualia of bliss upon mindful introspection [37].

Using a digital sensation manikin capable of quantifying the location and spatial distribution 

of pleasant and unpleasant sensations, we found in a randomized experiment that following 

treatment with MORE, chronic opioid users reported nearly 1.5 pleasant sensations for every 

1 unpleasant sensation - representing a 7.5 fold increase in the ratio of pleasant to unpleasant 

sensations over the course of treatment [38]. Although the neurobiological mechanisms of 

this therapeutic process remain unknown, meditative self-generation of hedonic pleasure and 

ecstatic states are likely instantiated by activation in corticostriatal circuits implicated in 

reward and positive affect and undergirded by increased endogenous dopamine and opioid 

release, not unlike the neurochemical release occasioned by drug use itself [39]. If so, 

inducing pleasant sensations through meditative practices might provide a safe, non-

addictive, and non-drug means of reward – a “natural high” and endogenous form of 

intracranial self-stimulation [40] that may replace the craving for drug-induced reward.

6. Reappraising Meaning and Cultivating Self-Transcendence

Addiction is associated with aberrant resting state functional connectivity in the default 

mode network (DMN), the neural hub of self-referential processing [41]. Indeed both the 

frequency and intensity of excessive and maladaptive self-referential processing are 

positively associated with DMN activity [42,43]. On a psychological level, this neural 

dysfunction may parallel the entrenchment of addiction into the sense of self, where stress- 

and withdrawal-related dysphoria, craving, and obsessive ruminations on drug use become 

the primary objects of self-referential thought – leading to a narrowing of one’s identity in 

which self-other relations (e.g., social, occupational, or recreational) that were once 

personally meaningful become empty of value. In contrast, according to the Mindfulness-to-

Meaning Theory [29], via an array of mechanisms including deautomatization, decentering, 

attention regulation, and perspective-shifting, adopting a mindful orientation in the context 

of difficult life experiences may disrupt schematized, self-referential appraisals (e.g., “The 

only thing that means anything to me is getting high”) and broaden awareness to encompass 

an expanded set of contextual data from which adaptive reappraisals of self and world can be 

generated (e.g., “Getting high has hurt me and those I love, but recovery from addiction has 

brought meaning to my life”).

6.1. Meaning, Default Mode Processing, and Self-Transcendence.

In MORE, patients are taught to cope with craving by engaging in a mindful reappraisal 

process whereby they contemplate the adverse consequences for engaging in substance 
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misuse. Such reappraisal of the meaning of drug-related stimuli has been shown to decrease 

craving by modulating corticostriatal circuitry function [44]. Via mindful reappraisal, 

MORE also instructs patients to find positive meaning in the face of adversity, a process 

known to activate nodes of the DMN and corticostriatal reward circuit, including mPFC and 

ventral striatum [45]. This meaning-making process may reach its apex in self-transcendence 
– the experience of interconnectedness or oneness with something greater than the self – 

classically held to be the sine qua non of addiction recovery (e.g., surrendering to a higher 

power in Alcoholics Anonymous) and a source of ultimate meaning. Though self-

transcendence can arise spontaneously during awe and other naturally-occurring peak 

experiences, it may also be engendered by mindfulness meditation and other contemplative 

practices [46] whose original soteriological purpose was to foster states in which the subject-

object dichotomy that structures ordinary human consciousness is transcended by the 

experience of a nondual awareness in which subject and object are unified [47]. During such 

meditative self-transcendent experiences, DMN connectivity increases with the dorsal 

attentional and salience networks – reducing the normative anticorrelation between extrinsic 

(i.e., “task positive” brain regions devoted to processing sensory information) and intrinsic 

networks (i.e., “task negative” brain regions involved in self-referential processing) [48] 

(Figure 4) – similar to functional connectivity patterns observed during the experience of 

ego dissolution induced by psychedelic drugs [49]. In view of the central role of aberrant 

DMN function in addiction, modulating functional connectivity patterns by cultivating self-

transcendent experiences might “reset” default mode network dysfunction, reducing 

excessive self-referential processing and thereby transforming the maladaptive cognitive-

affective habits driving addictive behavior.

To wit, in a Stage 2 RCT of opioid-treated chronic pain patients in primary care (N=95) 

MORE significantly improved a latent positive psychological functioning variable 

comprised of positive affect, savoring, meaning in life, and self-transcendence measures 

[50]. This latent variable predicted decreases in pain severity, and in turn, reduced opioid 

misuse, with the self-transcendence indicator (operationalized as a sense of oneness with 

something greater than the self and dissolution of the self-world boundary) exerting the 

largest effect size.

6.2. Neural Evidence of the Link Between Self-Transcendence and Clinical Target 
Engagement in Addiction Treatment.

In a second randomized controlled experiment (N=62), chronic opioid users treated with 

MORE reported increased self-transcendence and reduced self-world boundaries coupled 

with increased frontal midline theta (FMT) EEG coherence and power during mindfulness 

meditation, which statistically mediated the effect of MORE on reducing opioid use [51]. 

New data from a recently completed, full-scale clinical trial of MORE (NCT02602535) 

replicate this effect in an even larger sample of opioid misusers. Although FMT is well-

established as a biomarker of cognitive control [52], FMT also increases during states of 

flow [53], in which self-referential processing is suspended and transcended during deep 

cognitive absorption with ongoing experience. Indeed, the link between FMT and self-

transcendence has been established in prior studies: theta power has been shown to increase 

monotonically with depth of meditative absorption towards ego dissolution and self-
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transcendent states [54]. And, following meditation training, increased frontal midline theta, 

which is associated with activation in medial prefrontal cortical structures (e.g., ACC), is 

mechanistically implicated in white matter plasticity surrounding this brain region [55]—

providing a potential physiological substrate for the coupling of intrinsic and extrinsic brain 

networks following repeated instances of self-transcendence achieved during deep 

meditative states.

Hypothetically, meditative self-transcendence might produce a potent experience of natural 

reward and stimulus-independent happiness, undergirded by increased functional 

connectivity among intrinsic and extrinsic brain networks and driven by increased theta 

oscillations in the mPFC, which may in turn facilitate restructuring of reward processing in 

addiction. This hypothesis is especially intriguing, given the role of the mPFC (a key node of 

the DMN) in self-transcendent experiences occasioned by psychedelics [56], as well as the 

mPFC’s role in reward and addiction.

7. Transdiagnostic Applications of Mindful Positive Emotion Regulation

The same neurobiological reward deficits underpinning OUD have been identified in other 

forms of psychopathology, including major depressive disorder (MDD) [57] and post-

traumatic stress disorder (PTSD) [58]. Thus, deficient reward responsiveness may be 

construed as a transdiagnostic mechanism [59], and as such, mindful positive emotion 

regulation interventions might be effective for treating a wide array of disorders. In that 

regard, MORE has been shown to significantly reduce traumatic stress, anhedonia, and 

depression symptoms in samples of people with co-occurring SUD and MDD/PTSD [60–

62]. Given its effects on reward responses, it is likely that MORE would exhibit robust anti-

depressant activity outside of the context of SUD treatment.

8. Personalized Medicine with Mindful Positive Emotion Regulation.

Individual differences may moderate the impact mechanisms outlined in Figure 1. For 

instance, people who seek positive reinforcement and reward through substance use may 

experience greater craving reduction from mindful savoring techniques that enhance natural 

reward responsiveness, whereas those who engage in substance use for negative 

reinforcement (e.g., to alleviate physical and emotional pain) might find mindful 

interoceptive mapping of sensation is a more potent means of reducing drug craving. Such 

speculations require further refinement and testing through individual difference research 

examining biobehavioral endophenotypes, substance use patterns, and personality 

characteristics as moderators of addiction treatment outcomes following mindful positive 

emotion regulation interventions.

8. Conclusion

In conclusion, addiction may be conceptualized as a hedonic dysregulatory process 

involving an imbalance in the relative salience of natural rewards and drug rewards, which 

however may be altered by targeted therapeutic approaches, such as MORE. As addiction 

worsens, the pleasure derived from natural rewards plummets, resulting in a deficit of 

positive affectivity and a loss of meaning in life, driving a downward spiral of behavioral 
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escalation toward compulsive drug use. To counter this process, biobehavioral interventions 

might integrate sequences of mindfulness, reappraisal, and savoring techniques designed to 

promote positive emotion regulation with those that aim to cultivate self-transcendent 

meaning independent of stimulus-driven pleasure. Internally-generating reward and meaning 

in life through such an approach might restore the balance between intrinsic and extrinsic 

reward, and thereby generate the intrinsic motivation needed for durable changes in 

addictive behavior [63]. Interdisciplinary efforts uniting behavioral treatment development 

research with affective science, contemplative science, and neuroscience will drive the next 

wave of innovation needed to halt the global addiction crisis.
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Highlights

• Substance use disorders (SUD) involve blunted positive affective and 

physiological responses to natural rewards.

• Savoring hedonic pleasure from natural rewards may restructure over-

valuation of drug-related rewards.

• Self-generating internal reward responses through meditation may provide a 

safe, non-addictive form of pleasure.

• Self-transcendence may enhance meaning in life and “reset” aberrant default 

mode network dysfunction in addiction.
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Figure 1. Conceptual model depicting positive affective/reward-related processes to be targeted 
by substance use disorder interventions.
Substance use disorders (SUD) and anhedonia amplify one another through reward/

antireward processes kindled by neuroplastic changes to cortio-striatal brain circuits. 

Psychosocial interventions may leverage positive affective/reward-related processes to 

SUDs. Mindfulness and other cognitive-behavioral techniques can be used to disrupt the 

habit loop of attentional bias, craving, and automatized drug use by enhancing self-

regulating of consummatory behaviors and re-orienting attention from drug cues to focus on 

three therapeutic targets: positive external stimuli, positive internal stimuli, or self-schemas. 

Through focused attention and meta-awareness, one may savor hedonic pleasure from 
natural rewards, noticing and appreciating the pleasant exteroceptive (i.e., perceptual) 

features of a naturally rewarding stimulus while cultivating meta-awareness of the positive 

emotions and pleasurable interoceptive sensations occasioned by that stimulus. Focused 

attention and meta-awareness may also enable one to attend to and self-generate internal 
reward responses in spite of aversive sensations linked with craving or withdrawal, by 

adopting fine-grained interoceptive awareness of extant pleasurable sensations, or using 

imagery to evoke the experience of embodied bliss. Finally, meta-awareness and acceptance 

may facilitate reappraisal of the relative value of drug and natural rewards, and attenuate 

default model processing of addiction-laden self-schemas, that can, with recurrent practice 

of contemplative techniques, cultivate self-transcendent meaning. By virtue of their effects 

on corticostriatal circuitry function, these three processes in turn restructure reward 

processing by shifting valuation from drug-related rewards back to natural rewards, thereby 

decreasing craving and addictive behavior.
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Figure 2. Restructuring reward processing through savoring.
Savoring in tandem with cognitive regulation of drug cue-reactivity may shift the relative 

salience of drug and natural rewards, from over-valuing drug-related rewards relative to 

natural rewards, back to valuing natural rewards more than drug-related rewards. This 

restructuring reward process is likely instantiated by changing corticostriatal responses 

during reward anticipation and receipt.
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Figure 3. Attending to and self-generating internal reward processes.
Rendering of sensation reports on a computerized sensation manikin for participants treated 

with Mindfulness-Oriented Recovery Enhancement (MORE) or a social support group 

control condition, adapted from [64]. Blue represents pleasant sensations and red represents 

unpleasant sensations. The density of the hue reflects the frequency of pleasant or unpleasant 

sensation reports at a given sensation pixel. The middle panel illustrates that during 

treatment with MORE, meditation techniques are used to induce internalized experiences of 

pleasure.

Garland Page 16

Curr Opin Behav Sci. Author manuscript; available in PMC 2022 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. Modifying functional connectivity between intrinsic and extrinsic brain networks 
during the emergence of self-transcendence.
At baseline, the normative subject-object dichotomy (left panel) is subserved by strong 

anticorrelations between task-negative brain circuits devoted to self-referential processing 

(e.g., default mode network-DMN) and task-positive brain circuits devoted to sensory 

processing (e.g., dorsal attentional network-DAN; executive control network-ECN; salience 

network-SAN). During meditation, these anticorrelations weaken (middle panel), as 

attention and awareness become absorbed into the meditative object. Finally, intrinsic and 

extrinsic brain networks co-activate when meditation produces a nondual state of awareness 

in which the distinction between subject and object is dissolved – potentially providing a 

“reset” of default mode network dysfunction (right panel).
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