Effects of Mindfulness-Based Stress Reduction on Airway Inflammation in Individuals with Asthma
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Abstract—Chronic inflammatory diseases such as asthma are highly vulnerable to exacerbations by psychological stress and have high comorbidity with mood and anxiety disorders. Mindfulness-based stress reduction (MBSR), the leading meditation training in healthcare settings, has been shown to decrease stress, reduce psychological symptoms, and improve physical symptoms. Given its psychological and physiological targets, MBSR has promise as an intervention in asthma, a disease marked by interactions between psychological and physiological symptoms. Yet, MBSR’s ability to impact the pathology in specific clinical populations remains largely unexplored. We investigated the effects of an 8-week MBSR training, relative to a wait-list control group, on the association between inflammation, chronic stress, and mood and anxiety symptoms in adults with asthma. Chronic stress and symptoms of depression and anxiety were determined at baseline and clinically-relevant inflammatory markers were collected at baseline and six monthly follow-ups. Results show that asthma control improved significantly over time in individuals randomized to MBSR, relative to controls. Furthermore, chronic stress was increasingly associated with higher sputum eosinophils over time in controls, but those receiving MBSR training were protected from this effect. Supporting and extending existing evidence of bidirectional brain-body communication, our findings suggest that training in MBSR improved asthma control and buffered effects of psychological stress on eosinophilic inflammation. MBSR may thus be a clinically valuable adjunct to asthma treatment. 
I. Introduction
Brain-body interactions are distinctly evident in diseases of chronic inflammation, which are highly susceptible to stress-related exacerbations and psychiatric comorbidities—offering a critical opportunity to assess the relationships between stress, psychological symptoms, and objective markers of inflammation, and to evaluate the effects of psychological interventions.
Asthma is characterized by chronic airway inflammation and acute episodes of bronchial constriction, and affects approximately 10% of the population.1 During inflammatory responses, upper and lower airways are preferentially targeted by eosinophils (EOS), white blood cells which mediate allergic responses and diseases, and which may cause local damage upon activation.2 Indeed, elevated EOS in asthma are significantly related to poor lung function measures, worsening clinical symptoms and contributing to disease severity.3
Notably, chronic inflammatory diseases like asthma are highly susceptible to psychological influence. Chronic stress is important in exacerbating asthma symptoms; likely through a heightening of airway inflammation.3,4 For instance, repeated or long-term stress is associated with significantly higher inflammatory markers, including elevated EOS values, in both rodent models of asthma and humans with asthma.4,5
In addition to stress, asthma is reciprocally associated with mood and anxiety disorders. The risk for mood or anxiety disorders in asthmatics is double that of the general population and asthmatic individuals with mood and anxiety disorders show increased symptom severity and functional impairment, poorer symptom control and quality of life, and more medical visits and pharmacy fills.6,7,8 Therefore, alongside individual consequences, asthma and psychological comorbidity poses significant economic and public health burden.
Given these associations, this clinical population provides an ideal chance to investigate the effects of an intervention designed to target both physiological and psychological processes through mental training. Mindfulness-Based Stress Reduction (MBSR) is the predominant mindfulness meditation intervention used in clinical settings, consisting of sustained focused attention on the breath, bodily sensations, and mental content.9 During training, practitioners develop an open accepting awareness of what is occurring in the moment, without judgment or reactivity.
	Mindfulness-based interventions (MBIs) such as MBSR have been shown to reduce perceived stress and psychological symptoms and to enhance quality of life.10  Furthermore, MBIs are associated with reductions in peripheral biomarkers of immune system activity involved in disease pathogenesis, such as pro-inflammatory processes, and increases in cell-mediated defense parameters.11 MBIs appear to mitigate the effects of stress on inflammation, furthering the hypothesis that psychological states and immune processes influence one another reciprocally. However, there is a paucity of quality evidence examining how mindfulness impacts pathology in specific clinical populations. In particular, MBSR’s ability to impact inflammatory processes and psychological symptoms in asthma remains largely unexplored.12 Given the evidence that MBIs can target both psychological and physiological processes, they have potential to alleviate symptoms in diseases marked by the interaction of psychological and physiological symptoms. Behavioral treatments for such chronic inflammatory conditions may provide a low-cost and accessible addition to improve symptom reduction and disease control, reducing significant personal, public health, and economic burdens.
We aimed to determine the effects of MBSR training on the relationship between airway inflammation, chronic stress, and mood and anxiety symptoms in adults with asthma. We hypothesized that participating in an MBSR intervention would decrease the effects of chronic stress and mood and anxiety symptoms on asthma-related inflammation, compared to a wait-list control group. 
II. Methods
Participants. This project took place in the context of a larger study including both asthmatic and non-asthmatic participants, approved by the Health Sciences Institutional Review Board at the University of Wisconsin-Madison. A total of 72 asthmatic participants ages 18-65 (mean 38.3y, 42 female) were enrolled; one participant was excluded due to missing data and two MBSR participants were excluded for insufficient class attendance (total n = 69, 42 female).
Study Design. Data were collected at a minimum of three and a maximum of seven visits at approximately one-month intervals. Each visit consisted of pulmonary assessments of airway inflammation, blood draw, MRI scans, and self-report assessments. MRI data are reported elsewhere. The first visit (1) occurred at baseline, prior to randomization. The second visit (2) reflects the first post-intervention assessment, and the final visit (7) occurred approximately six months post-intervention.
Data Collection. The metric of chronic stress used here is a composite of standardized Adverse Childhood Experiences Questionnaire and UCLA Life Stress Interview scores, completed at baseline.13,14 Depression and anxiety were determined at baseline (Visit 1) using the Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI).15,16 Mindfulness was assessed over time using the Five Facet Mindfulness Questionnaire (FFMQ) at baseline (Visit 1), Visit 2, and Visit 3.17 Participants completed the Asthma Control Questionnaire (ACQ) and Composite Asthma Severity Index (CASI) at all visits.18,19
Sputum and blood samples were collected at each visit to quantify the magnitude of inflammation. For collection of sputum, participants inhaled a nebulized 3% saline solution mist and produced sputum at 4-minute intervals. Sputum was diluted, shaken and centrifuged, then prepared and stained with Giemsa to determine cell distributions. To determine blood EOS, counts per 300 cells were used for leukocyte differentials. Fraction of exhaled nitric oxide (FeNO), a non-invasive biomarker of airway inflammation in asthma, was measured at each visit in breath condensate, according to American Thoracic Society guidelines.
Intervention. Participants were randomly assigned to MBSR training (n = 35) or to a wait-list control group (n = 34) after completing baseline assessments. The mindfulness training was a standard eight-week MBSR intervention modeled after that developed by Jon Kabat-Zinn at the University of Massachusetts Medical Center.9 Training was delivered in the context of classes offered to the community, by two certified and experienced MBSR instructors, and daily at-home practice was assigned.
Statistical Analyses. To assess effects of the intervention, analyses of immune measures and asthma control and severity across time were performed using mixed effects models. Models featured main effects of baseline values of chronic stress, depression, and anxiety along with their interactions with group and visit, and covariates of age and sex. Group and visit were added as random effects and a random intercept was included to adjust for repeated within-subject measures. Models included the maximal random effects structure justified by the data. To identify the most parsimonious model, analyses began with full models and omitted non-significant interaction terms.
III. Results & discussion
Mindfulness. Analyses of FFMQ revealed a significant main effect of visit (t(64) = 3.279, p = .002) and group x visit interaction (t(64) = -2.356, p = .022), reflecting an increase in mindfulness scores in MBSR participants, but not controls.
[image: ../../../../Desktop/Rplot02.jpeg]ACQ & CASI. At baseline, ACQ was significantly associated with chronic stress (t(64) = 4.162, p < .001) and BDI (t(64) = 2.553, p = .013) for all participants (Fig. 1). Analyses of ACQ over time revealed a significant main effect of visit (t(374) = -3.35, p = .001) and group x visit interaction (t(372) = 2.556, p = .011), where ACQ decreased significantly in the MBSR, but not control, group (Fig. 2). There were no significant effects with CASI.












[image: ]Fig. 1: Asthma Control is positively associated with chronic stress (p < .001) and depression (p = .013) at baseline.
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Fig. 2: Asthma Control improves significantly with training in MBSR, but not in wait-list controls (p = .001).

Eosinophils. Blood EOS count did not differ between MBSR and wait-list groups at baseline (t(54) = -0.899, p = .372). Analyses revealed a significant chronic stress x group interaction (t(60) = 2.53, p = .014), such that the wait-list group showed a strong positive relationship between chronic stress and blood EOS count, but the intervention group showed a weakly negative association; however, these relationships did not significantly change over time. There were no significant effects, or changes over time, of relationships between BDI or BAI and blood EOS.
Percent Sputum EOS did not differ between MBSR and wait-list groups at baseline (t(50) = 1.241, p = .221). Results of analyses showed a significant 3-way interaction between chronic stress, group, and visit (t(104) = 2.198, p = .03) such that the slope of the association between chronic stress and sputum EOS increased significantly over time in wait-list controls. In the MBSR group, this slope decreased numerically over time, but this change in slope was not significant (Fig. 3).
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Fig. 3: Those in the MBSR intervention were protected from the increasingly positive relationship between EOS and chronic stress seen in wait-list controls (chronic stress x group x visit interaction, p = .03).

FeNO. At baseline, FeNO did not differ between MBSR and wait-list groups (t(67) = .941, p = .35). The outcome of analyses revealed a significant main effect of visit when chronic stress (t(63) = -2.32, p = .024), BDI (t(74) = -2.024, p = .047), or BAI (t(63) = -2.028, p = .047) were included, suggesting an overall decline in FeNO over time. No significant group x visit interactions were found.
Discussion. We found that asthma control and mindfulness improved significantly over time in those randomized to MBSR, relative to wait-list controls. Furthermore, the effects of chronic stress on eosinophilic inflammation were greater over time for controls, compared to those who received MBSR training. Nonetheless, we found no significant changes over time in relationships between FeNO and psychological variables. Additionally, we found no significant changes over time in relationships between eosionophilic inflammation and depressive or anxiety symptoms. These results suggest that MBSR improved asthma control and effectively buffered increasing effects over time of chronic psychological stress on eosinophilic inflammation; but did not significantly affect airway inflammation as measured by FeNO, or associations between inflammation and depression or anxiety. Our findings strengthen extant evidence that mindfulness training, which targets stress responsivity, can benefit some psychological and physiological processes. Moreover, they indicate the potential therapeutic value of MBIs for chronic inflammatory conditions, specifically asthma.
Asthma treatment aims to maximize symptom control and minimize future risk.20 Higher ACQ scores, reflecting poorer asthma control, have been associated with elevated FeNO and sputum EOS, higher perceived stress, and psychological comorbidity.7,21,22 Indeed, participants in our study with higher chronic stress and depressive symptoms demonstrated poorer asthma control at baseline, implying important crosstalk between emotion and asthma control. Extending these associations, the significant decrease in ACQ scores over time in the intervention group, but not controls, suggests that MBSR training was effective in reducing the degree of asthma symptom-related impairments. This pattern advances MBSR as a valuable addition to current treatment regimens.
Our results support and extend prior evidence that eosinophilic inflammation is influenced by psychological factors.4,5 Furthermore, these data show that an intervention that targets the psychological factors shown to affect EOS in previous studies, impacts some of these associations over time. Despite minimal correlation between sputum EOS and chronic stress at baseline, sputum EOS increase over time, for those in the wait-list group, particularly those with high chronic stress. This change is weakly negative or absent in the MBSR group. These results indicate that a lack of intervention was associated with amplified relationships between sputum EOS and chronic stress. The absence of a similar amplification in the intervention group suggests that MBSR participation buffers this increase in  the effects of chronic stress on EOS-mediated inflammation over time. However, there were no significant interactions with depressive or anxiety symptoms. One interpretation for these observations is that the protective effects of MBSR are not the same across all levels of psychological symptoms and that those with greater chronic stress are more likely to benefit. Overall, these results suggest that MBSR may be a clinically relevant adjunct to asthma treatment, to buffer effects of psychological stress on airway inflammation.
In asthma, rises in exhaled nitric oxide often precede lung function decline and correlate with both airway and circulating EOS.21,23 Notably, FeNO has been shown to be responsive to psychological states.24 FeNO is used clincally to assist in asthma diagnosis and assessment of airway inflammation and medication responsiveness; however, its exact role in asthma characterization and diagnosis remains complex and insufficiently understood.25 In our data, FeNO levels declined over time in all participants, irrespective of the intervention. Fluctuations in external factors, such as environmental and indoor allergens, could contribute to this change. We found no significant group differences in FeNO over time in relation to chronic stress, depression, or anxiety symptoms, which indicates that participating in an MBSR intervention did not significantly affect these relationships. This result is surprising, given previous evidence that FeNO is susceptible to psychological modulation, and work showing MBSR-related decreases in inflammation. FeNO has been positively associated with acute stress, negative affect, and anxiety; however, relationships between FeNO and chronic stress or depression are inconclusive or negative.24 Our findings suggest that FeNO is not related to chronic stress, depression, or anxiety in this sample.
The relationships between psychological factors and asthmatic inflammation reported here implicate the central role of the brain in inflammatory diseases, and highlight the importance of interventions that target the mind and brain in the treatment arsenal. Given the nature of the MBSR intervention, the observed improvements in asthma control and buffering of effects of psychological stress on eosinophilic inflammation must be mediated by changes in brain function, which determine stress responsivity and descending modulatory pathways, to consequently influence peripheral inflammation. The specific neural changes involved will be addressed elsewhere, but these observations provide traction for future research on the neural mechanisms of asthma.
Although this study presents MBSR as a promising complementary treatment for a chronic and pervasive disease, we found no effects of training on the relationships between blood EOS or FeNO and psychological symptoms. This may reflect the relatively small sample size, which limits statistical power and generalizability. Indeed, non-significant trends in our data point to a similar buffering effect of the intervention with blood EOS and FeNO. A larger sample may have provided sufficient power to detect these relationships. 
IV. Conclusion
Ultimately, our results suggest that training in MBSR improved asthma control and buffered the effects of chronic stress on eosinophilic inflammation in the airways, despite not significantly affecting the relationships between psychological symptoms and systemic inflammation or FeNO. These data support the hypothesis that psychological factors contribute to airway inflammation, and that an intervention targeting stress and affective responsivity can buffer those effects. Emphasizing the importance of bidirectional communication between the brain and body within this clinical population, our findings advance MBSR as a promising and accessible behavioral approach which may help alleviate both individual and public health burden. Finally, these findings provide a foundation for future research on neural mechanisms of asthma and MBSR.  
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