
Mindfulness Training and Physical Health: Mechanisms and 
Outcomes

J. David Creswell, PhD1,*, Emily K. Lindsay, PhD2, Daniella K. Villalba, PhD1, and Brian 
Chin, MA1

1Department of Psychology, Carnegie Mellon University, 5000 Forbes Ave, Pittsburgh, PA.

2Department of Psychology, University of Pittsburgh, 210 S. Bouquet Street, Pittsburgh, PA.

Abstract

Objective: There has been substantial research and public interest in mindfulness interventions, 

biological pathways, and health over the past two decades. This article reviews recent 

developments in understanding relationships between mindfulness interventions and physical 

health.

Methods: A selective review was conducted with the goal of synthesizing conceptual and 

empirical relationships between mindfulness interventions and physical health outcomes.

Results: Initial randomized controlled trials (RCTs) in this area suggest that mindfulness 

interventions can improve pain management outcomes among chronic pain populations, and there 

is preliminary evidence for mindfulness interventions improving specific stress-related disease 

outcomes in some patient populations (i.e., clinical colds, psoriasis, IBS, PTSD, diabetes, HIV). 

We offer a stress buffering framework for the observed beneficial effects of mindfulness 

interventions and summarize supporting biobehavioral and neuroimaging studies that provide 

plausible mechanistic pathways linking mindfulness interventions with positive physical health 

outcomes.

Conclusion: We conclude with new opportunities for research and clinical implementations to 

consider in the next two decades.
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INTRODUCTION

The American Psychosomatic Society and this journal have long supported the development 

and testing of mindfulness interventions for improving physical health, publishing some of 
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the initial high impact theoretical reviews (1) and empirical studies (2–4). Since this early 

work, there has been dramatic growth in this area with more high quality randomized 

controlled trials (RCTs) exploring whether mindfulness interventions can positively 

influence biopsychosocial and disease pathogenic processes (5,6). While much of the RCT 

work has focused on how mindfulness interventions can improve mental health outcomes 

(e.g., by lowering risk for depression relapse in high risk individuals (7)), there are also 

promising RCTs suggesting that mindfulness interventions can improve physical health. 

This review considers the progress our field has made in studying mindfulness interventions 

and physical health over the last two decades. We first introduce mindfulness interventions, 

then consider outcomes, followed by a description of mechanistic pathways (biological, 

behavioral, psychological), and conclude with a consideration of open questions and 

opportunities for the field to address in the coming decades.

Mindfulness Interventions: What are they?

The principle aim of mindfulness-based interventions is to foster greater mindfulness, 

defined as a process of openly attending, with awareness, to one’s present moment 

experiences (5,8,9). This definition of mindfulness, like many others in the literature 

(8,10,11), describes mindful awareness as a process of using one’s attention to monitor one’s 

moment-to-moment experience through an open lens of equanimity and acceptance (5,12). 

Mindfulness interventions in the scientific literature appear in many forms, ranging from 3-

month residential mindfulness meditation retreats to brief single-session guided mindfulness 

exercises (5). The 8-week Mindfulness-Based Stress Reduction (MBSR) program is the 

most popular mindfulness intervention used in the scientific literature, and consists of eight 

2.5 hour classes, a day-long retreat, and daily audio-guided home practice (13). The MBSR 

program, and many of its variants (e.g., Mindfulness-Based Cognitive Therapy (MBCT), 

Mindfulness-Based Relapse Prevention (MBRP)), focus on helping individuals learn how to 

mindfully attend to body sensations and emotional reactions through the use of guided 

exercises (e.g., body scan, gentle stretching, seated meditation) and class discussion. While 

MBSR dominates the evidence-based scientific landscape of mindfulness interventions, 

other forms of mindfulness interventions have been empirically tested and show promise for 

improving health-related biomarkers—including residential mindfulness meditation retreats 

(14,15), smartphone-delivered mindfulness programs (16), and brief 3–4 day audio-guided 

mindfulness training in the laboratory (17).

Despite this surge in mindfulness-based RCTs, most have utilized wait-list or treatment as 

usual (TAU) comparison groups. In recent years, though, there has been greater adoption of 

active treatment comparison programs. These active comparator programs aim to control for 

non-mindfulness specific factors such as group and instructor support, positive treatment 

expectancies, daily home practice, and stress management psychoeducation (5). While wait-

list and TAU studies provide an important initial evaluation of whether mindfulness 

interventions impact health (cf. 18), active treatment comparators allow for inferences about 

mindfulness-specific effects on health. This review aims to highlight some of the new active 

treatment controlled mindfulness intervention trials where available.
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Mindfulness Interventions and Physical Health: Outcomes

Initial RCTs have demonstrated the potential for mindfulness interventions to improve a 

range of stress-related disease-specific outcomes (see Table 1). Here we provide some 

selective highlights of these studies (see also relevant reviews 5,19,20). First, several recent 

large RCTs show that mindfulness interventions improve pain management outcomes. For 

example, 8-week mindfulness interventions have been shown to significantly reduce 

functional disability and improve pain management in chronic low back pain patients (21–

23), chronic pain patients misusing opioids (22), rheumatoid arthritis patients (24), and 

fibromyalgia patients (25) (cf. 26). Two interesting patterns are worth noting in this area. 

First, there is some initial indication that mindfulness interventions are superior to health 

education and social support programs for treating chronic pain (22–24), but the evidence is 

mixed regarding whether mindfulness interventions confer any relative pain treatment 

advantage over high quality cognitive-behavioral therapy (CBT) programs (21,24). Second, 

the durability of treatment effects at follow-up is unclear. Some RCTs suggest that decreased 

perceptions of pain (e.g., intensity, severity) can be sustained at follow-ups ranging from 

three months to one year (21–23), although there is not strong evidence that functional pain 

improvements can also be sustained (21,23).

Second, several RCTs suggest that mindfulness interventions may impact clinically-relevant 

stress-related physical health outcomes. There is some initial indication that mindfulness 

interventions can accelerate treatment-related skin clearing in psoriasis patients (4) and 

reduce post-traumatic stress disorder (PTSD) symptomatology among veterans (27). 

Similarly, an active treatment RCT showed decreased susceptibility to (and duration of) 

colds in a mindfulness group. However this mindfulness intervention did not significantly 

decrease the number of overall health care visits or cold-related missed work days (28). A 

wait-list control RCT showed decreases in irritable bowel syndrome (IBS) symptomatology 

immediately after a mindfulness intervention and at a 6-month follow-up (29,30). Similarly, 

Garland and colleagues found decreases in IBS symptomatology after a mindfulness 

intervention compared to a social support active control group (29). A recent active 

treatment RCT showed decreases in insulin resistance and fasting glucose among individuals 

at-risk for type 2 diabetes. However, authors reported that class attendance was significantly 

higher in the mindfulness intervention than in the control group (31). While, these disease-

specific findings are promising, only a handful of RCTs have examined clinically relevant 

outcomes in a rigorous way—an opportunity for future research.

Some studies also suggest that mindfulness interventions can buffer declines in CD4+ T 

lymphocyte counts among HIV-infected adults (31–33) – a gold-standard clinical measure of 

HIV-pathogenesis (34). One critical consideration we have raised is that stress buffering 

mechanisms may drive mindfulness intervention effects (35), as stress is known to trigger 

the onset or exacerbation of disease pathogenic processes in clinical colds, IBS, diabetes, 

and HIV progression. While we discuss these stress buffering mechanisms later in this 

review, the example of HIV-progression is prudent here in that mindfulness interventions 

appear to be more likely to impact CD4+ T lymphocytes among higher stress samples (31–

33), compared to lower stress HIV-positive samples (36).
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There has been significant recent interest in evaluating whether mindfulness interventions 

can reduce markers of systemic low-grade inflammation (e.g., C-Reactive Protein (CRP) or 

Interleukin-6 (IL-6)). However, the current RCT evidence is mixed. While some RCTs 

suggest that mindfulness interventions may reduce IL-6 (14) or CRP (37–39) among older 

adults and high stress adults, other studies have failed to show any reduction (IL-6:

(37,39,40); CRP: (41). Furthermore, while Jedel et al. (2014) reported that a mindfulness 

intervention reduced CRP, they questioned its clinical significance given that this reduction 

in CRP did not lower the incidence of ulcerative colitis flare-ups. We offer two provisional 

conclusions in this area. First, there is not compelling evidence to-date that mindfulness 

interventions reliably lower markers of systemic inflammation. Second, it may be that 

mindfulness interventions reduce inflammation, but only among participant groups who 

have significantly elevated inflammatory biology (e.g., older adults, individuals with 

inflammatory diseases, or among individuals with high levels of psychological stress and/or 

obesity). For example, one methodologically strong trial showed that mindfulness training 

buffered stress-induced inflammatory responses in the skin (42).

In summary, there is initial RCT evidence suggesting that mindfulness interventions can 

affect physical health. The strongest evidence is in chronic pain conditions, with some 

promising initial effects also observed for stress-related disease specific conditions (e.g., 

psoriasis, IBS, diabetes, PTSD, HIV). What are needed are more mechanistic RCTs focused 

on which components of mindfulness interventions are most effective, and what plausible 

biobehavioral processes are engaged that impact health and disease over time. Below we 

describe some promising biological, behavioral, and psychological mechanisms from recent 

mindfulness training RCTs.

Mindfulness Interventions and Physical Health: Mechanisms

We have developed a mechanistic stress buffering framework positing that mindfulness 

interventions train central stress resilience pathways in the brain, which in turn mitigate the 

cumulative wear-and-tear that stress (and stress-related health behaviors) can play in 

exacerbating or accelerating disease pathogenesis across a broad spectrum of stress-related 

diseases (35,43,44). A conceptual outline of this framework is shown in Figure 1. One 

advantage of this framework is that it describes the conditions under which mindfulness 

interventions are most likely to improve physical health, specifically (1) among high stress 

patient populations, and (2) when measuring stress-sensitive health and disease outcomes. 

Indeed, the extant mindfulness intervention RCT outcomes described above are consistent 

with this framework, as stress is known to trigger the onset or exacerbation of symptoms in 

chronic pain, psoriasis, IBS, PTSD, and diabetes (45). More recently, we have developed 

theory and research on the psychological mechanisms for mindfulness intervention effects, 

positing that the instruction of acceptance and equanimity skills in mindfulness interventions 

are critical for fostering stress resilience and health benefits (16,46). While we have 

previously described these theoretical perspectives (5,35,46), here we provide some updates 

and links to biobehavioral processes relevant to biobehavioral medicine researchers.
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Mindfulness Intervention Mechanisms: Biological Pathways

Research from our laboratory suggests that mindfulness interventions train two stress 

resilience pathways in the brain: (1) increasing activity and functional connectivity in stress 

regulatory regions of the prefrontal cortex (the regulatory pathway), and (2) decreasing 

activity and functional connectivity in regions gating the brain’s stress alarm system (the 

reactivity pathway) (35). Regarding the regulatory pathway, we and others have shown that 

mindfulness interventions increase the coupling of the resting brain (the so-called default 

mode network) with regulatory regions of the prefrontal cortex in the executive control 

network (14,47,48), while also increasing connectivity strength among regions within the 

executive control network (49). As one example, we randomly assigned a sample of stressed 

unemployed adults to either a 3-day intensive residential mindfulness training retreat or a 

well-matched relaxation training retreat, and found increased coupling of the resting brain 

(i.e., the posterior cingulate cortex in the default mode network) with bilateral dorsolateral 

prefrontal cortex in the mindfulness group, a coupling effect we did not observe in the 

relaxation training group (14). A pilot mindfulness training study with veterans found the 

same brain coupling effect after 16 weeks of mindfulness training (48). Notably, both studies 

observed that this increased coupling of regulatory regions in the prefrontal cortex 

(dorsolateral prefrontal cortex) was associated with improvements in markers of health—

such as intervention-driven reductions in IL-6 in stressed community adults (14) and post-

traumatic stress disorder (PTSD) symptomatology among veterans (48).

The mindfulness stress buffering framework also posits that mindfulness interventions turn 

down the activity and functional connectivity of regions gating the brain’s fight-or-flight 

response under stress (the reactivity pathway). The central nucleus of the amygdala has long 

been considered an important node for gating the central stress response (50,51), and recent 

studies suggest that mindful awareness and mindfulness interventions are associated with 

modulations in amygdala structure and function (52–55). For example, we have recently 

shown that mindfulness training decreases stress-related resting state functional connectivity 

of the amygdala with subgenual anterior cingulate cortex (53), a pathway that may be 

important in coordinating the brain’s central fight-or-flight stress response (51).

If mindfulness interventions can foster stress resilience pathways in the brain, they would 

also be expected to modulate peripheral sympathetic nervous system and hypothalamic-

pituitary-adrenal (HPA) responses to exogenous stressors (35). Indeed, some initial work 

suggests that mindfulness interventions can buffer sympathetic nervous system and HPA-

axis responses to acute stress (16,56), although not all RCT studies show sympathetic 

nervous system and HPA-axis stress buffering effects (42,57). There are still major questions 

in this area, such as how mindfulness interventions impact coping responses under stress 

(e.g., using approach or avoidance behaviors;;58), and whether mindfulness intervention 

driven stress and coping responses play an important mechanistic role in explaining stress-

related physical health outcomes in patient populations.

Mindfulness Intervention Mechanisms: Health Behavior Pathways

Mindfulness interventions are posited to affect not only stress-related biological pathways, 

but also stress-related health behaviors (35). While it is well known that stress is associated 
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with negative health behaviors such as greater tobacco use, increased difficulty with 

smoking cessation, increased likelihood of smoking relapse (59,60), poorer diet and eating 

behaviors (60,61), and impaired sleep quality (62), less is known about how mindfulness-

based interventions can impact these behaviors. Some of the strongest evidence from RCTs 

in this area suggests that mindfulness interventions can reduce substance-use behaviors in at-

risk populations, such as cigarette use among heavy smokers (63), drug relapse and alcohol 

consumption among substance-abusing individuals (64), and opioid misuse among adults 

suffering from chronic pain (22). One recent meta-analytic review found that mindfulness-

based treatments reduced substance misuse, substance craving, substance-related stress, and 

frequency of post-treatment relapse relative to both TAU and active comparator interventions 

such as CBT or relapse prevention treatment (65). Surprisingly, few rigorous RCTs have 

evaluated whether mindfulness interventions impact diet, sleep, physical exercise, or other 

salutary health behaviors. Some initial RCTs suggest that mindfulness interventions can 

affect eating behaviors, such as reducing binge eating (66) and sweet consumption (67,68). 

While initial RCTs indicate that mindfulness interventions can improve measures of self-

reported sleep (69,70), they have not been shown to be superior to CBT (70), and little 

research has used objective sleep measures (e.g., actigraphy or polysomnography) (cf. 71). 

In summary, more high-quality RCTs are needed to study the effects of mindfulness 

interventions on health behaviors, in particular studies that relate changes in health behaviors 

to alterations in health and disease outcomes.

Mindfulness Intervention Mechanisms: Psychological Pathways

There has been much interest in the psychological mechanisms and pathways linking 

mindfulness interventions with health, and prominent models have posited that 

psychological processes such as emotion regulation, self-awareness, attentional control, self-

reported mindfulness skills, and decentering may be important mechanisms (72–76). We 

have taken a different approach, which is consistent with definitions and theory on 

mindfulness (5,8), by focusing on the psychological skills taught in mindfulness 

interventions. Specifically, we have developed Monitor and Acceptance Theory (MAT), 

which posits that learning how to (1) use one’s attention to monitor present moment 

experiences while (2) adopting an orientation of acceptance toward these experiences may 

be critical psychological mechanisms for mindfulness intervention effects (46). Indeed, there 

is initial evidence that self-reported increases in these two basic mindfulness skills (attention 

monitoring and acceptance) are related to improvements in mental health outcomes 

following mindfulness interventions (77,78). MAT posits that learning acceptance skills is 

critical for regulating emotion and developing the capacity to be less reactive to stressful 

experiences, and that removing acceptance skills training from mindfulness interventions 

will attenuate or eliminate their stress buffering health benefits.

We recently tested this MAT prediction in two mindfulness intervention RCTs. Participants 

were randomly assigned to (1) mindfulness training that included the standard attention 

monitoring and acceptance skills training (Monitor + Accept), (2) mindfulness training that 

included attention monitoring skills training only (Monitor Only), or (3) control. In both 

studies, we observed stress buffering benefits in the Monitor + Accept group compared to 

the other groups. Specifically, an 8-week Monitor + Accept mindfulness intervention group 
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showed significantly greater stress buffering effects on daily life stress perceptions at post-

treatment, compared to a well-matched 8-week Monitor Only mindfulness intervention 

group and an assessment only control group (Chin et al., under review). We further 

controlled for nonspecific treatment effects (e.g., social contact, instructor effects) in a 2-

week smartphone-based intervention study, showing that Monitor + Accept mindfulness 

training was significantly more effective in buffering cortisol and blood pressure reactivity 

responses to a laboratory stress challenge, compared to both a Monitor Only mindfulness 

training group and a structurally-matched placebo control training group (16) (cf. 79). 

Together, these findings provide promising evidence that acceptance skills training may be a 

necessary component for driving stress buffering effects in mindfulness interventions, 

although it is still unknown whether these stress buffering effects translate into improved 

stress-related health and disease outcomes over time.

Discussion

Since the early reviews and empirical work published in this journal twenty years ago (e.g., 

1–4), mindfulness intervention research has come a long way. Some of the strongest 

physical health RCT evidence to-date suggests that mindfulness interventions can improve 

pain symptom management among chronic pain populations, and they may improve some 

stress-related health and disease outcomes in at-risk populations (e.g., psoriasis, clinical 

colds, IBS, PTSD, diabetes, HIV). While there have been some initial efforts at 

conceptualizing and empirically testing how mindfulness interventions impact other stress-

related diseases that are highly prevalent and drive a significant burden of health care costs 

(76,e.g., cardiovascular disease, cancer 80), more high-quality RCT research is needed 

evaluating their efficacy and public health impacts. We are also beginning to identify 

promising neural, physiological, behavioral, and psychological mechanisms linking 

mindfulness interventions with physical health. Our stress buffering framework, and initial 

supporting studies, suggest that mindfulness interventions foster two stress resilience 

pathways in the brain (the regulatory and reactivity pathways), and can potentially foster 

regulation of HPA and SAM-axis stress reactivity in ways that may help explain how 

mindfulness interventions impact stress-related health and disease outcomes over time (35). 

Furthermore, our more recent work has focused on the psychological mechanisms for stress 

buffering effects, showing that acceptance skills training may be a critical component 

driving stress resilience effects in mindfulness interventions (16). This mechanistic work 

suggests new ways to approach the next generation of RCTs, indicating that mindfulness 

intervention effects on physical health may be best observed by measuring stress-sensitive 

health outcomes among high stress populations.

While the first wave of physical health focused RCT studies is promising, our understanding 

of mindfulness interventions and physical health still lags behind the larger RCT literature 

linking mindfulness interventions with mental health outcomes (5) and there are still many 

unanswered questions. Here we enumerate some leading questions in this area, with the 

hope that they stimulate new research:

1. Do mindfulness interventions have any relative treatment advantages on physical 
health compared to other high quality behavioral stress management 
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interventions? While there is consistent evidence that mindfulness interventions 

improve health relative to wait-list, treatment as usual, and some health 

education programs, the conditions under which mindfulness interventions 

provide relative treatment advantages compared to other behavioral treatment 

programs, such as CBT (e.g., 21), are currently unclear1. In this review we have 

aimed to highlight some of the higher quality active treatment controlled RCTs 

of mindfulness interventions, but they are still few in number. These trials are 

important in helping us evaluate whether there are mindfulness-specific effects 

above and beyond factors such as group support, relaxation, daily home practice, 

and placebo expectancies (cf. 82). We suspect that mindfulness interventions can 

be efficacious under some circumstances, and our recent work (and others, 83) 

has focused on the most stringent treatment controlled approach to date—namely 

pitting two different forms of mindfulness intervention against each other in a 

dismantling study approach (16).

2. Do stress buffering pathways explain how mindfulness interventions impact 
physical health outcomes? While we have outlined some promising RCT 

evidence for a stress buffering mechanistic framework, which explains the 

biological embedding of mindfulness interventions, it is certainly possible that 

other pathways may provide a better evidence-based framework of mindfulness 

intervention physical health effects. For example, mindfulness interventions also 

boost positive emotions (e.g., (84,85) and social connections (37,86,87) that may 

ultimately improve physical health outcomes. Indeed, positive affectivity and 

positive social relationship processes are known to independently promote 

physical health outcomes (88,89). The effects of mindfulness on positive 

emotions and social relationships may be directly associated with health, or may 

still operate through stress buffering pathways (i.e., mindfulness improves 

positive affect and social functioning, which lowers stress, and ultimately 

improves health outcomes).

3. What is the necessary mindfulness intervention dose for physical health benefits? 
As described in this review, the current evidence base indicates that 8-week 

mindfulness interventions can impact physical health outcomes—but do smaller 

intervention doses have benefits? Although brief mindfulness interventions and 

inductions lasting two weeks or less show small overall effects in reducing 

negative affect and distress (e.g., 90) and in buffering stimulated pain responses 

(17), at least two weeks of daily mindfulness training may be needed to see 

biological stress buffering effects (16). Furthermore, intervention dosing likely 

depends on participant factors, quality of mindfulness practice, and specific 

outcomes measured.

4. How long do mindfulness intervention effects last following intervention? There 

are currently few high quality RCTs that include follow-up assessments, and 

1There are multiple ways to operationalize relative treatment advantages, and while our discussion has focused on the overall 
magnitude of health improvements, it is important to note that this can also be measured via cost-effectiveness. Group-based MBSR 
may be more cost effective compared to individually-focused treatments (81).
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these studies provide mixed evidence. Some studies show maintenance of post-

treatment effects (e.g., 27), some studies show no relative treatment advantage of 

mindfulness interventions at post-treatment but show advantages at longer-term 

follow-up assessments (e.g., 64), and yet other studies show immediate post-

treatment benefits that degrade at follow-up assessments (e.g., 23). One 

explanation for these divergent effects is that some participants complete daily 

home practice and incorporate mindfulness skills into their daily lives during and 

after the intervention in ways that might propagate intervention effects over time. 

It will be important for future RCTs to find effective ways of measuring 

continued mindfulness practices (formal and informal) both during mindfulness 

interventions and in subsequent follow-up periods to test whether these practice 

variables explain health effects over time.

5. Do smartphone and online mindfulness interventions improve physical health? 
There is tremendous public interest in smartphone and online mindfulness 

interventions (e.g., Headspace, Brightmind, Calm), although almost no published 

studies have evaluated how these programs affect health. These programs do 

have certain advantages relative to 8-week group-based mindfulness programs—

they are widely available, they can be delivered remotely to hard-to-reach 

individuals who own smartphones, and they are relatively inexpensive. To our 

knowledge, our recent 14-day smartphone study is the first to link a remote 

mindfulness intervention with biomarkers of health (i.e., cortisol and blood 

pressure reactivity) (16). Given their popularity, more research is needed to test 

the efficacy of these mindfulness interventions for health outcomes, patients’ 

motivation for engaging in these programs, as well as the safety of these stress 

management interventions with minimal instructor support.

Conclusions

An early review in this journal began with the title, “What do we really know about 

mindfulness-based stress reduction?” (1). We certainly know a great deal more now about 

the effects of MBSR and other mindfulness interventions on physical health, but many 

questions remain. There is a significant need for high quality RCTs in this area, as many 

clinicians are now using mindfulness-based therapeutic approaches, and large numbers of 

individuals are seeking out mindfulness programs online or in their communities. We believe 

that Psychosomatic Medicine is well poised to advance these research efforts in the coming 

decades.
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Abbreviations:

RCT randomized controlled trial

MBSR Mindfulness-Based Stress Reduction

MBCT Mindfulness-Based Cognitive Therapy

MBRP Mindfulness-Based Relapse Prevention

TAU Treatment-As-Usual

IBS Irritable bowel syndrome

PTSD Post-Traumatic Stress Disorder

CRP C Reactive Protein

IL-6 Interleukin-6

HPA Hypothalamic pituitary adrenal

MAT Monitor and Acceptance Theory

SAM Sympathetic adrenal medullary

CBT Cognitive Behavioral Therapy
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Figure 1. 
Plausible pathways linking mindfulness interventions with physical health. Mindfulness 

interventions, which train skills in monitoring present-moment experience with an 

orientation of acceptance, are proposed to impact physical health primarily among high-

stress populations. Stress-buffering pathways in the brain, peripheral physiology, and 

subjective experience are posited to increase coping resources, which buffer recurrent, 

exaggerated, or dysregulated biological stress responses and negative health behaviors. 

Specifically, mindfulness interventions increase activity and connectivity in regulatory 

prefrontal cortex brain regions (the top-down regulatory pathway) and decrease reactivity 

and connectivity in regions that gate the body’s fight-or-flight stress response (the bottom-up 

reactivity pathway). These neural changes alter stress appraisals, decrease physiological 

stress reactivity in the sympathetic nervous system and hypothalamic-pituitary-adrenal 

(HPA) axis, and impact coping and health behaviors. Together, changes in neural and 

physiological stress responding, stress appraisals, coping, and health behaviors may be 

important mechanisms for improvements in stress-related disease outcomes observed 

following mindfulness interventions. Pathways outlined in dotted gray lines represent 

theorized mechanisms for future research.
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