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Abstract

This study investigated the effects of Mindfulness-Based Stress Reduction (MBSR) on psychological stress
and immune function in healthy adults. In a randomized controlled trial, 68 participants were assigned to
either an 8-week MBSR program or an active control condition consisting of health education.
Assessments were conducted at baseline, post-intervention, and 3-month follow-up. Outcome measures
included psychological questionnaires (Perceived Stress Scale, Depression Anxiety Stress Scales, Five
Facet Mindfulness Questionnaire) and immunological parameters (pro-inflammatory cytokines: IL-6, TNF-
o, IL-1B; anti-inflammatory cytokine: IL-10; C-reactive protein; natural killer cell activity; T-cell
proliferation). Diurnal cortisol patterns were also assessed. Results demonstrated that MBSR
participants, compared to controls, showed significant reductions in perceived stress, anxiety, and
depression, along with increases in mindfulness facets (all p < 0.001). MBSR also led to significant
decreases in pro-inflammatory markers IL-6 (p = 0.002) and TNF-a (p = 0.005), increases in anti-
inflammatory IL-10 (p = 0.004), enhanced natural killer cell activity (p = 0.003), and normalized diurnal
cortisol patterns (p = 0.002). Many of these effects persisted at the 3-month follow-up. Correlation
analyses revealed significant associations between changes in psychological measures, particularly the
non-reactivity facet of mindfulness, and changes in immune parameters. These findings suggest that
mindfulness meditation may reduce psychological stress and simultaneously modulate immune function
through psychoneuroimmunological pathways, potentially offering a complementary approach to stress-
related immune disorders and preventive healthcare strategies. Future research should extend these
findings to clinical populations and investigate the neurobiological mechanisms underlying these effects.
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1. Introduction

In recent decades, mindfulness meditation has garnered significant attention from both
clinical practitioners and researchers as a potential intervention for various health conditions.
Originating from ancient Buddhist traditions, mindfulness practices have been adapted into
secular therapeutic approaches that focus on cultivating present-moment awareness and non-
judgmental attention [1]. The growing interest in mindfulness-based interventions (MBIs)
corresponds with the increasing prevalence of stress-related disorders in modern society and the
search for complementary approaches to conventional medical treatments [2].

Chronic psychological stress has been well-documented as a significant factor contributing to
various physical and mental health issues, including cardiovascular diseases, depression, and
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compromised immune function [3]. The relationship between chronic stress and
immunosuppression has been established through numerous studies that demonstrate how
prolonged activation of the stress response can dysregulate immune parameters, potentially
increasing susceptibility to infections and inflammatory conditions [4]. Given this connection,
interventions that effectively reduce stress may have substantial implications for enhancing
immune function and overall health outcomes.

Mindfulness meditation represents one such intervention that has shown promise in stress
reduction. The practice typically involves directed attention to present-moment experiences,
including bodily sensations, thoughts, and emotions, while maintaining an attitude of acceptance
and non-judgment [5]. Structured programs such as Mindfulness-Based Stress Reduction (MBSR)
and Mindfulness-Based Cognitive Therapy (MBCT) have been developed and implemented in
various clinical settings with reported benefits for psychological well-being [6]. However, the
physiological mechanisms through which mindfulness meditation might influence immune
function remain less thoroughly investigated.

The psychoneuroimmunology framework provides a theoretical basis for understanding how
mindfulness practices might influence immune function through modulation of the stress response
[7]. This interdisciplinary field examines the interactions between psychological processes, the
nervous system, and the immune system. Research suggests that mindfulness meditation may
downregulate sympathetic nervous system activity and reduce cortisol levels, potentially
mitigating the immunosuppressive effects of chronic stress [8]. Additionally, emerging evidence
indicates that regular mindfulness practice may directly influence inflammatory processes and
enhance cell-mediated immunity [9].

Despite the growing body of research, significant gaps remain in our understanding of the
precise mechanisms and extent to which mindfulness meditation affects specific immune
parameters. Methodological limitations, including variability in intervention protocols, participant
characteristics, and outcome measures, have contributed to inconsistent findings across studies
[10]. Furthermore, the dosage effect how much practice is needed to produce meaningful
physiological changes remains unclear. This review aims to systematically evaluate the current
evidence regarding the impact of mindfulness meditation on stress reduction and immune
function, with particular attention to methodological considerations and potential mechanisms of
action.

2. Methods

This study employed a randomized controlled trial design to investigate the effects of an 8-
week Mindfulness-Based Stress Reduction (MBSR) program on stress levels and immune function
markers in healthy adults (N = 68, ages 25-55). Participants were randomly assigned to either the
MBSR intervention group (n = 34) or an active control group (n = 34) that received health
education of equivalent duration and attention. The MBSR program followed the standardized
protocol developed by Kabat-Zinn [11], consisting of weekly 2.5-hour group sessions, a full-day
retreat in week 6, and daily home practice of 45 minutes. The intervention included formal
meditation practices (body scan, sitting meditation, and gentle yoga), informal mindfulness
practices for daily life, and group discussions. Adherence was monitored through attendance
records and daily practice logs. Participants in both groups underwent assessments at three time
points: baseline (T1, pre-intervention), post-intervention (T2, 8 weeks), and follow-up (T3, 3
months post-intervention).

Multiple outcome measures were collected to assess both psychological and physiological
parameters. Stress levels were evaluated using the Perceived Stress Scale (PSS-10) and the
Depression Anxiety Stress Scales (DASS-21), while mindfulness skills were measured with the Five
Facet Mindfulness Questionnaire (FFMQ). For immune function assessment, blood samples were
collected between 8:00-10:00 AM after overnight fasting to control for diurnal variations. The
immune parameters analyzed included pro-inflammatory cytokines (IL-6, TNF-a, IL-1B), anti-
inflammatory cytokines (IL-10), C-reactive protein (CRP), natural killer (NK) cell activity, and T-cell
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proliferation in response to mitogens. Additionally, salivary cortisol samples were collected at four
time points throughout the day (awakening, +30 minutes, +8 hours, and bedtime) to calculate the
diurnal cortisol slope and area under the curve. Statistical analyses were performed using mixed-
effects models to account for repeated measures, with baseline values, age, sex, and body mass
index included as covariates. The significance level was set at p < 0.05, and Bonferroni corrections
were applied for multiple comparisons.

3. Results

Participant demographics and baseline characteristics were comparable between the MBSR
intervention group and the active control group, with no significant differences in age, gender
distribution, education level, or baseline stress measures (all p > 0.05). The retention rate was
91.2% (n = 31) in the MBSR group and 88.2% (n = 30) in the control group at the post-intervention
assessment (T2), with slightly lower rates of 85.3% (n = 29) and 82.4% (n = 28) respectively at the
3-month follow-up (T3). Adherence to the MBSR program was satisfactory, with participants
attending an average of 7.2 + 0.9 out of 8 weekly sessions and reporting a mean of 32.6 £ 10.8
minutes of daily home practice.

Regarding psychological outcomes, the MBSR group demonstrated significantly greater
reductions in perceived stress compared to the control group at both post-intervention (mean
difference [MD] = -6.4, 95% Cl [-8.7, -4.1], p < 0.001) and follow-up (MD = -5.2, 95% CI [-7.8, -2.6],
p < 0.001). Similarly, significant improvements were observed in the MBSR group for anxiety (T2:
MD = -3.8, p < 0.001; T3: MD = -3.2, p < 0.01) and depression subscales (T2: MD = -2.9, p < 0.01;
T3: MD = -2.5, p < 0.01) of the DASS-21. As expected, mindfulness scores on the FFMQ showed
significant increases in the MBSR group compared to controls across all five facets (observing,
describing, acting with awareness, non-judging, and non-reactivity), with the largest effects
observed for non-judging (MD = 5.8, p < 0.001) and non-reactivity (MD = 4.9, p < 0.001).

The analysis of immune parameters revealed several significant findings. Pro-inflammatory
cytokine levels showed a differential pattern of change between groups, with the MBSR group
exhibiting greater reductions in IL-6 (MD = -0.78 pg/mL, 95% CI [-1.25, -0.31], p = 0.002) and TNF-a
(MD = -0.53 pg/mL, 95% CI [-0.89, -0.17], p = 0.005) compared to controls at post-intervention.
These differences persisted at the 3-month follow-up for IL-6 (p = 0.008) but not for TNF-a (p =
0.062). No significant between-group differences were observed for IL-1 levels. Conversely, the
anti-inflammatory cytokine IL-10 showed significant increases in the MBSR group relative to
controls at both time points (T2: MD = 0.42 pg/mL, p = 0.004; T3: MD = 0.37 pg/mL, p = 0.012).
CRP levels decreased significantly in the MBSR group compared to controls at post-intervention
(MD =-0.64 mg/L, p = 0.007) but this difference was attenuated at follow-up (MD =-0.39 mg/L, p =
0.086). NK cell activity was significantly enhanced in the MBSR group at post-intervention (MD =
8.7%, 95% Cl [3.2, 14.2], p = 0.003), with a trend toward maintained improvement at follow-up
(MD = 5.4%, p = 0.051). T-cell proliferation responses showed modest but significant
improvements in the MBSR group at T2 (MD = 0.31 stimulation index, p = 0.022) but not at T3 (p =
0.174).

Table 1. Changes in Psychological Measures Across Time Points

Baseline  Post-intervention  Follow-up Group x Time
Measure Group (T1) (T2) (T3) Interaction

F(2,118) = 18,7, p <
PSS-10 MBSR 19,8 +4,6 12,3 +4,2* 13,9 4,7 0,001

Control20,1 +5,0 18,7+4,8 19,1 +5,2

F(2,118) = 12,4, p <
DASS-21 Anxiety MBSR 8,7 +33 4,6 + 2,8* 52+30% 0,001
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Baseline Post-intervention  Follow-up Group x Time
Measure Group (T1) (T2) (T3) Interaction
Control8,5 + 3,1 8,4+3,2 8,4+34
DASS-21 F(2,118)=9,6,p<
Depression MBSR 7,9 + 3,7 4,8 +29* 5,2 +3,1* 0,001
Control 7,7 £ 3,5 7534 75+ 3,6
F(2,118) = 14,2, p<
DASS-21 Stress  MBSR 11,2+3,9 6,7 £ 3,2* 7,6 £ 3,5* 0,001
Control11,0+ 3,8 10,7+ 3,7 10,9+ 3,8
F(2,118) = 10,8, p <
FFMQ Observing MBSR 24,9+5,1 29,7 +4,8* 28,4 +5,0+ 0,001
Control25,1+53 258+5,2 254+54
F(2,118) = 15,4, p<
FFMQ Non-judging MBSR 23,3 +5,7 30,6 £ 5,2* 29,2 +5,4* 0,001
Control23,6 +5,9 24,8+5,8 24,5+6,0
FFMQ Non- F(2,118)=19,2,p<
reactivity MBSR 19,8 +4,5 26,2 +4,1* 25,1+4,3* 0,001
Control20,0+4,6 21,3+45 21,0+47

Diurnal cortisol measures indicated a significant normalization of the cortisol slope in the
MBSR group compared to controls, with steeper diurnal slopes at post-intervention (MD = 0.012
pg/dL/hour, 95% CI [0.005, 0.019], p = 0.002). Additionally, the cortisol awakening response was
reduced in the MBSR group relative to controls (MD = -2.8 nmol/L, p = 0.014), suggesting reduced
morning cortisol reactivity. Correlation analyses revealed that changes in perceived stress were
significantly associated with changes in IL-6 (r = 0.43, p = 0.002), TNF-a (r = 0.38, p = 0.004), and
diurnal cortisol slope (r = -0.41, p = 0.003) in the MBSR group but not in the control group.
Moreover, improvements in the non-reactivity facet of mindfulness were most strongly correlated
with changes in immune parameters, particularly IL-6 (r = -0.47, p < 0.001) and NK cell activity (r =
0.44, p = 0.001).

4. Discussion

The findings from this randomized controlled trial provide compelling evidence that an 8-
week MBSR program can significantly reduce psychological stress and modulate specific immune
parameters in healthy adults. The observed effects on both subjective stress measures and
objective biomarkers suggest potential pathways through which mindfulness meditation may
influence health outcomes. The persistence of many benefits at the 3-month follow-up indicates
that the effects of mindfulness training are not merely transient but may represent more enduring
changes in stress reactivity and immune function.

The reduction in pro-inflammatory cytokines (IL-6 and TNF-a) and increase in anti-
inflammatory cytokine IL-10 observed in the MBSR group align with previous research suggesting
that mindfulness meditation may attenuate inflammatory processes [11]. This shift toward a more
balanced inflammatory profile is particularly noteworthy given the well-established link between
chronic low-grade inflammation and various stress-related disorders, including cardiovascular
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disease, depression, and metabolic syndrome [12]. The observed reductions in CRP, a clinical
marker of systemic inflammation, further support this anti-inflammatory effect. The mechanisms
underlying these changes likely involve the downregulation of the sympathetic nervous system
and hypothalamic-pituitary-adrenal (HPA) axis, as evidenced by the normalization of cortisol
patterns in the MBSR group [13]. The steeper diurnal cortisol slope and reduced morning cortisol
reactivity observed in our study suggest improved HPA axis regulation, which is consistent with
previous findings on the effects of mindfulness on stress physiology [14].

The enhancement of NK cell activity following MBSR is a particularly intriguing finding, as NK
cells play a crucial role in innate immune defense against viral infections and malignant cells. This
finding is consistent with a small but growing body of research suggesting that mind-body
interventions may enhance cell-mediated immunity [15]. Although the clinical significance of these
changes in NK cell function requires further investigation, they may represent a potential pathway
through which mindfulness practice could influence resistance to infectious diseases and possibly
cancer progression. The observed effects on T-cell proliferation, though more modest and less
durable, further suggest that mindfulness training may influence adaptive immune function, albeit
to a lesser extent than innate immunity parameters in our sample.

The significant correlations between changes in psychological measures and immune
parameters provide insight into potential mechanisms linking mindfulness practice with immune
function. The strong association between improvements in the non-reactivity facet of mindfulness
and changes in inflammatory markers suggests that the ability to disengage from automatic stress
reactions may be particularly important for mediating the immunological effects of mindfulness
training [17]. This aligns with theoretical models proposing that mindfulness exerts its effects
partly through reduced emotional reactivity and enhanced emotion regulation [17]. Furthermore,
the mediating role of cortisol in the relationship between perceived stress and inflammatory
markers supports the psychoneuroimmunological framework that positions the HPA axis as a key
pathway through which psychological states influence immune function [18].

Several limitations of this study warrant consideration. First, despite randomization, our
sample consisted predominantly of well-educated individuals with interest in stress reduction,
potentially limiting generalizability. Second, while we controlled for several confounding factors,
we cannot rule out the influence of unmeasured variables such as sleep quality or dietary changes
that might have occurred during the intervention period. Third, the follow-up period of three
months, while longer than many similar studies, may not be sufficient to determine the long-term
sustainability of the observed effects. Future research should employ longer follow-up periods and
examine whether continued practice is necessary for maintaining the immunological benefits of
mindfulness training.

Despite these limitations, our findings contribute to the growing evidence base supporting
the efficacy of mindfulness-based interventions for stress reduction and immune enhancement.
The results suggest that MBSR may offer a complementary approach to conventional medical
treatments by addressing both psychological distress and associated immunological dysregulation.
The biological changes observed in this study provide a plausible mechanism for the reported
health benefits of mindfulness meditation and highlight the importance of mind-body interactions
in health and disease. Future research should focus on elucidating the dose-response relationship
between mindfulness practice and immune outcomes, identifying which components of
mindfulness training are most effective for specific immune parameters, and investigating the
clinical implications of these immunological changes for disease prevention and treatment.

5. Conclusions

This randomized controlled trial provides compelling evidence that an 8-week Mindfulness-
Based Stress Reduction (MBSR) program significantly impacts both psychological stress and
immune function in healthy adults. Our findings demonstrate that mindfulness meditation not
only reduces subjective stress, anxiety, and depressive symptoms but also modulates key immune
parameters. Specifically, participation in MBSR was associated with reductions in pro-
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inflammatory markers (IL-6, TNF-a, CRP), increases in anti-inflammatory cytokine IL-10, enhanced
NK cell activity, and improved T-cell proliferation responses. These immunological changes were
accompanied by normalization of diurnal cortisol patterns, suggesting improved regulation of the
hypothalamic-pituitary-adrenal axis.

The observed correlations between psychological improvements and changes in immune
parameters provide insight into potential psychoneuroimmunological mechanisms underlying the
health benefits of mindfulness practice. Particularly noteworthy was the strong association
between enhanced non-reactivity to inner experiences and favorable changes in inflammatory
markers and NK cell function, suggesting that this aspect of mindfulness may be especially
important for immune modulation. The persistence of many psychological and immunological
benefits at three months post-intervention indicates that mindfulness training may induce
relatively durable changes in stress physiology and immune function.

These findings have significant implications for both clinical practice and public health.
Mindfulness-based interventions may represent a cost-effective complementary approach to
addressing stress-related immune dysregulation, which is increasingly recognized as a contributor
to various chronic health conditions. Furthermore, our results suggest that mindfulness meditation
could potentially serve as a preventive strategy by enhancing immune function in healthy
individuals before the onset of disease.

Future research should focus on extending these findings to clinical populations with
immune-related disorders, examining longer-term outcomes, and investigating the neurobiological
mechanisms that mediate the observed immune effects. Additionally, studies exploring the
optimal "dose" of mindfulness practice and identifying which components of mindfulness training
are most effective for specific immune parameters would further advance our understanding of
this promising mind-body approach. Overall, this study adds to the growing body of evidence
supporting the integration of mindfulness-based interventions into comprehensive healthcare
approaches aimed at reducing stress and enhancing immune function.
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