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Background

Given its putative roles in mediating prosocial behavior, attachment bonds, and stress physiology, oxytocin modulation has been hypothesized to be a biological correlate of the salubrious effects of meditation practice. Here we investigated the effects of a month-long silent meditation retreat on changes in oxytocin, and the related hormone and vasopressin, in relation to psychosocial changes in attachment style, anxiety, personality measures, and feelings of social connectedness with fellow meditators.





Methods

Plasma oxytocin and vasopressin and self-report questionnaires were measured in retreat participants (n = 28) at the beginning of, and 3 weeks into, a residential meditation retreat. Control participants (n = 34), who were similar in age, gender, and meditation experience, were also assessed across a 3-week interval. Linear mixed effects models were used to assess outcomes.





Results

The retreat group showed a small but significant decrease in oxytocin compared to controls who showed no change. In the retreat group, higher openness to experience at Time 1 predicted greater reductions in oxytocin during the retreat, and lower oxytocin at Time 2 was related to stronger feelings of personal connection with fellow meditators. The changes in oxytocin were not related to attachment style or anxiety. Vasopressin decreased over time across both groups, suggesting no specific effect of retreat.





Conclusion

These preliminary findings suggest that meditation training in the context of a silent residential retreat may reduce circulating levels of oxytocin. We interpret this finding from multiple theoretical perspectives, discussing key measurement limitations and proposing future study designs that may help to differentiate the effects of different meditation practices and contexts on oxytocin signaling.
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1 Introduction

Rapid technological advances and increasing global connectivity have changed the way we experience age-old human challenges, including psychosocial stress, loneliness, and interpersonal conflict. We now have a near constant ability to access news and communicate with people from around the world, which has dramatically increased the rate of information we are processing and our exposure to potentially stressful stimuli. These challenges underscore the need for skillful approaches to better regulate our attention and to cultivate mental habits that reduce our own and others’ suffering in the world. Attention regulation, stress reduction, and prosocial behavior are among the purported outcomes of meditation training that have gained considerable interest in health psychology as avenues for improving individual and interpersonal well-being. At the same time, given its putative roles in mediating prosocial behavior and stress buffering, changes in the oxytocin system have been hypothesized to be one of the biological mechanisms underlying the psychosocial benefits of meditation training—particularly forms of compassion and loving-kindness meditations that are believed to promote prosocial orientations toward others (1–3). Here we investigate changes in plasma oxytocin, and the related hormone vasopressin, during a month-long meditation retreat to better understand the psychobiological consequences of intensive meditation training.

Oxytocin and vasopressin are neuropeptide hormones implicated in the regulation of social cognition, behavior, and communication, as well as several homeostatic and reproductive functions. Both neuropeptides are primarily synthesized in the hypothalamus from which they are secreted within the brain and released into the bloodstream from the posterior pituitary (4). Oxytocin is also synthesized in several peripheral sites including the heart, uterus, and placenta (5). The pleiotropic functions of these hormones are achieved through a combination of distinct neuronal populations governing different functions (4, 6, 7) and regional distribution patterns of the oxytocin receptor, OXTR, and the vasopressin receptors, V1aR, V1bR, and V2 (4). Because of their structural similarities, they are also able to bind to each other’s receptors (8).

Oxytocin was first recognized for its role in stimulating uterine contractions and milk let down after birth (Dale, 1906 reviewed in 9). Subsequent research has underscored its role in social attachment, including maternal caregiving (10), infant-parentbonding (11), and pair bonding in adults (12, 13). Like oxytocin, arginine vasopressin is involved in social recognition, communication, aggression, maternal care, pair bonding, and avoidance and anxiety-like behavior in response to stressful situations (14). However, vasopressin—also known as antidiuretic hormone—is best understood for its roles in water homeostasis and blood pressure regulation (15), and has been the topic of less research in human behavior because vasopressin manipulation can have potentially negative side effects, including increased blood-pressure and disrupted kidney function (16). Interestingly, both human and animal studies suggest that there can be sexually dimorphic patterns in the effects of oxytocin and vasopressin on specific social behaviors—with one or the other hormone playing a stronger role in particular behaviors depending on the sex of the individual (4, 14, 17–19).

Early theories focused oxytocin’s role in prosocial behavior and affiliative motivation (20)—with research suggesting that oxytocin is involved in a number of social emotions and behaviors including trust (21, 22), generosity (23, 24), and empathy (24–26). In a recent study, Akinrinade and colleagues (27) demonstrated that oxytocin was necessary and sufficient to elicit fear contagion, behavioral distress, and consoling behavior in zebrafish—suggesting that oxytocin’s role in empathic processes is evolutionarily conserved in social species (27). Studies have also shown that positive attachment is associated with higher plasma oxytocin in women (28) and that intranasal oxytocin enhances attachment security in men (29).

Along these lines, oxytocin is thought to be a primary mediator of the stress-buffering effects of social support (30, 31). Evidence across species suggests that oxytocin is released in response to several physiological and psychological stress paradigms and that the oxytocin system modulates hypothalamic-pituitary-adrenal (HPA), autonomic, immune, and behavioral responses to stress (6). In humans, oxytocin has been shown to increase in response to the Trier Social Stress Test (32–34). These oxytocin increases are positively correlated with increases in cortisol—though the associations are small (35), and the evidence that oxytocin attenuates cortisol responses is weak and seemingly context specific (36).

Given oxytocin’s role in social emotions, behavior, and stress physiology, Mascaro et al. (1) hypothesized that the oxytocin system may be involved in mediating the effects of meditation on prosocial emotions and behavior—suggesting that oxytocin’s widespread neuromodulatory effects may provide a parsimonious explanation for the multitude of effects observed in response to kindness-based meditation (1). Luberto et al. (2) further hypothesized that meditation may promote relaxation-responses and prosocial outcomes by stimulating the oxytocin system and mimicking the physiology of secure attachment (2).

Despite these compelling hypotheses, very few empirical studies have investigated the relationship between oxytocin and meditation practice. Two initial studies found positive correlations between oxytocin and measures of spirituality (37, 38), suggesting that meditation, which is often conceived of as a spiritual practice, may relate to oxytocin expression. In line with these findings, Van Cappellen and colleagues (39) found that intranasally administered oxytocin increased self-reported spirituality in men and greater levels of positive emotions after an introductory meditation session. Additionally, the observed increases in spirituality were mediated by variants of the CD38 gene, which is involved in the release of oxytocin from hypothalamic neurons (39).

Only two published studies have examined circulating oxytocin levels in relation to meditation interventions. One study found increases in salivary oxytocin alongside increases in self-reported empathy and empathic accuracy in students undergoing a 2-month mindfulness and compassion-based intervention (40). In this same cohort, Bellosta-Batalla and colleagues (41) reported increased salivary oxytocin alongside reductions in anxiety and negative emotions after a single laboratory-based mindfulness meditation session, as compared to an emotion recognition exercise (41). In another long-term training study, Hoehne and colleagues (42) found that after 3 months of compassion-based meditation training, participants showed lower overall plasma oxytocin levels during the Trier Social Stress Test and higher oxytocin levels during a single session of loving-kindness meditation (42). As with the broader social behavior literature, there is less research on the relationships between meditation and vasopressin than oxytocin, though one early study reported increases in vasopressin after a transcendental meditation session (43).

The goal of the present study was to assess the effects of  month-long Insight meditation retreat on changes in plasma oxytocin and vasopressin. To date, most empirical studies of meditation and mindfulness have been based on single-session mindfulness inductions, relatively brief training programs lasting a few days, or 6- to 8-week programs designed for beginning or novice practitioners [e.g., mindfulness-based stress reduction, MBSR; (44)]. The total duration of meditation practice in such programs is relatively low compared to more traditional approaches to contemplative training, which often involve several hours of meditation practice each day for periods ranging from several days to many months. By contrast, meditation retreats afford individuals the opportunity to practice meditation to a greater extent than is typically possible given the demands of daily life (45). Retreats are usually designed as residential programs involving structured periods of formal practice with guidance from experienced teachers and social support from similarly motivated individuals. To reduce the distractions of daily life, retreats are often held in secluded natural environments in facilities designed for such a purpose. Practitioners may also engage in noble silence—a practice that entails temporarily refraining from speaking, communicating, or engaging in eye contact during the retreat in order to facilitate focus on one’s inner experience.

By design, meditation retreats alter practitioners’ behavioral patterns (e.g., hours of formal meditation each day), physical surroundings (e.g., serene natural environments) and social context (e.g., maintaining silence and refraining from eye-contact). Due to their immersive nature, retreats may elicit changes in psychobiological processes that are less malleable to non-intensive interventions (45). The meditation tradition studied here also emphasizes ‘nonattachment’, which involves relating to one’s own experiences and to other people with less rigidity/reactivity and with increased flexibility/composure (46), and an ethical framework that prizes loving-kindness, compassion, empathetic joy, and equanimity (47). This style of training has been shown to promote improvements in attention regulation (48, 49), shifts in empathic responses to suffering (50), profound psychological insights (51), and improvements in adaptive psychological functioning, including attachment security (48).

Given prior work demonstrating increases in oxytocin associated with meditation interventions (40, 42), we expected increases in oxytocin during the the month-long retreats studied here. In line with the hypothesis that oxytocin might mediate meditation-related improvements in attachment style and prosociality (2), we further predicted that oxytocin increases would be associated with improvements in attachment security and greater feelings of social connectedness. To test the anxiolytic implications of oxytocin regulation, we also assessed changes in oxytocin in relation to previously-reported reductions in anxiety in this same retreat group (52)—predicting that increases in oxytocin may be related to decreases in anxiety. Finally, because our prior work has indicated that personality factors can predict biological outcomes in the context of intensive retreats, we assessed changes in oxytocin in relation to the Big Five personality dimensions (52, 53). Given the paucity of research on meditation and vasopressin, we did not have strong predictions regarding the changes we might observe in vasopressin.




2 Materials and methods

The data presented in this study are secondary outcomes from a larger investigation of intensive meditation training approved by the University of California, Davis Institutional Review Board (ClinicalTrials.gov #NCT03056105). The purpose of the broader study was to evaluate the effects of an ecologically valid month-long residential retreat program on psychobiological outcomes. Additional details regarding the meditation training, retreat environment, and participant recruitment and demographics can be found in our prior reports (51, 52, 54, 55).



2.1 Participants

We recruited two self-selected groups of participants. Retreat participants (n = 28; 14 female, 13 male, 1 nonbinary; mean age 51.9 years, range 27–69) were recruited from two month-long meditation retreats held annually at Spirit Rock Meditation Center in Woodacre, CA. To participate in these retreats, applicants were required to have previously attended at least two retreats of 7 days or longer. Control participants (n = 34; 23 female, 11 male; mean age 49.3 years, range 25–68) were recruited from the larger Spirit Rock meditation community through flyers and presentations at weekly classes. The control participants were selected to be similar to the retreat group in age, gender, and prior meditation retreat experience (see 52), and were encouraged to maintain their usual meditation practice routines for the duration of the study. Because the primary focus of the study was to investigate the effects of meditation on telomere length, applicants were excluded if they reported medical conditions that might influence telomere biology or immune cell distributions, including cancers, autoimmune diseases, immunodeficiency disorders, or other conditions involving chronic inflammation such as hepatitis. Participants were not excluded for use of antidepressant or anxiolytic medication.

All participants gave informed consent before taking part in the study and were compensated at a rate of approximately $20 per hour for their participation in the assessments. Retreat participants were assessed in February and March of 2013 and controls were assessed in small groups from May 2013 through February of 2014. Two retreat participants withdrew from the retreat after the first assessment for reasons unrelated to the study and did not complete the Time 2 blood draw or questionnaires. Three control participants withdrew from the study after the initial blood draw due to scheduling conflicts or overall time commitment, and one control participant completed the Time 2 questionnaires but not the blood draw. Four additional control participants failed to complete some portion of the questionnaires: two did not complete the questionnaires at either time point, one did not complete the Time 1 questionnaires, and one did not complete the Time 2 questionnaires.




2.2 Procedure



2.2.1 Retreat intervention

The meditation interventions were two month-long, silent, residential retreats. Participants received instruction in Insight meditation—a form of vipassana meditation rooted in the Theravadan Buddhist tradition. Core practices taught during these retreats included mindfulness of breathing and directing one’s focus to present moment-experience (56). Participants also received instruction in practices intended to cultivate aspirational qualities known as the four immeasurables or Brahma Viharas: loving-kindness, compassion, empathetic joy, and equanimity (57, 58). The retreat schedule included ~10 hours of formal meditation each day practice (alternating between sitting and walking practice in 30 to 45-minute intervals), meals, rest, and an hour of work meditation (e.g., kitchen or housekeeping duties) (52). To facilitate quietude and inner focus, participants maintained noble silence—refraining from eye contact and verbal communication, except for regular meetings with teachers.




2.2.2 Blood collection and self-report assessments

Blood samples were collected by professional phlebotomists via antecubital venipuncture. Retreat participants were assessed onsite at Spirit Rock Meditation Center and control participants were assessed at the Anubhuti Retreat Center in Novato, CA—a similarly isolated and quiet center near Spirit Rock. Retreat participants gave blood between 5:00 and 6:00 AM on the morning following their first full day of retreat1 and again 3 weeks later. Control participants were also assessed at the beginning and end of a 3-week interval, during which they maintained their typical daily routines. Control participants gave blood between 9:00 and 10:00 AM after completing a 40-minute meditation session2. Both groups were asked to fast for at least 8 hours prior to their blood draw. Participants’ weight was measured immediately before each blood collection, and their height was recorded at the second assessment. BMI was calculated as BMI = [Weight (lbs) * 703]/Height (in)2. After each blood draw, participants were given a packet of questionnaires and asked to complete and return them to the retreat manager’s office (retreats group) or by mail (control group) within 36 hours.

At each assessment, a total of 45.5 ml of blood was collected from each participant. One tube containing 6ml was collected for plasma isolation in a BD vacutainer coated with K2 EDTA as an anticoagulant (BD 367863) and placed directly on ice. Samples were transported to a laboratory every 20 minutes to ensure that processing began within 45 minutes of collection. At the lab, plasma tubes were inverted 10 times and then centrifuged for 15 minutes at 2750 rpm at 4°C. The plasma-separator tubes were allowed to rest for 10 minutes before 200 µL aliquots of plasma were pipetted into 8 cryovials and transferred to dry ice. These aliquots were then transported on dry ice to the University of California, Davis, where they were stored in a -80°C freezer (ThermoFisher Forma 88400) until September of 2014 when they were delivered on dry ice to Dr. Karen Bales’ laboratory at the University of California, Davis for assay.





2.3 Measures



2.3.1 Oxytocin and vasopressin assays

Samples were kept frozen until they were assayed. Oxytocin was assayed using the Oxytocin ELISA kit from Enzo Life Sciences (Farmingdale, NY, cat # ADI-900–153A, lot # 03261411A) per the manufacturer’s protocol, with the exception that the extraction step was not conducted3. According to the product manual, the sensitivity of this assay was 15.0pg/mL and the cross-reactivity for arg8-vasopressin was 7.5%. Plasma samples were diluted 1:8 with assay buffer and compared to standard concentrations of 1,000 pg/mL-15.6pg/mL. Intra assay CVs for oxytocin were < 9%. The intra-class correlation (ICC) for oxytocin duplicates was 0.82, CI 95% [0.734, 0.895]4. No plasma was collected for 1 retreat participant at Time 1.

Arg8-Vasopressin was also measured with an ELISA kit from Enzo Life Sciences (cat # ADI-901–017, lot # 08191407) per the manufacturer’s protocol, with the exception that 3 samples had too little material to be run in duplicate and were only measured once. According to the product manual, the sensitivity of this assay was 3.39 pg/mL and the cross-reactivity with oxytocin was <0.001%. Plasma samples were diluted 1:2 and compared to a standard curve of 1,000pg/mL-4.1pg/mL for Arg8-Vasopressin. Intra assay CVs for vasopressin were < 11%. The ICC for vasopressin duplicates was 0.74, 95% CI [0.57, 0.86]4. The vasopressin assay resulted in 18 samples that were undetectable (8 retreat samples—including both samples for 4 participants; and 10 control samples—including both samples for 4 participants, the Time 1 sample for 1 participant, and the Time 2 sample for another participant). Another 6 samples fell below the lower limit of the standard curve; these values were retained in the analyses presented in the results.




2.3.2 Self-report measures

Attachment style was measured using the 12-item Experiences in Close Relationships-12 (ECR-12) questionnaire (63). The ECR-12 consists of two subscales: attachment anxiety (6 items) and attachment avoidance (6 items). Example items include: “I worry about being rejected or abandoned” (anxiety) and “I don’t feel comfortable opening up to others” (avoidance). Participants were asked to indicate their level of agreement with each item using a 7-point Likert scale ranging from (1) strongly disagree to (7) strongly agree. Possible scores for the two subscales range from 1 to 7, with higher scores indicating higher attachment insecurity. One control participant did not complete this scale at the Time 1 assessment, and another control participant did not complete it at Time 2.

Anxiety was assessed with the 10 trait items from the State-Trait Anxiety Inventory [STAI-T; (64)]. Example items include: “I feel nervous and restless” and “I am a steady person” (reverse scored). Participants were asked to indicate how often they felt a particular way over the past month on a 4-point Likert scale ranging from (1) almost never to (4) almost always. Items were summed to calculate scores with a possible range of 20 to 80. Higher scores indicate higher anxiety.

Personality dimensions were measured with the 44-item Big Five Personality Inventory (65). The Big Five measures extraversion (8 items), agreeableness (9 items), conscientiousness (9 items), neuroticism (8 items), and openness to experience (10 items). Example items include “I see myself as someone who is curious about many different things” (openness) or “…is outgoing, sociable” (extroversion). Participants were asked to indicate their level of agreement with each item using a 7-point Likert scale ranging from (1) strongly disagree to (7) strongly agree. Subscale items were averaged to calculate subscale scores with a possible range of 1 to 7. Higher scores indicate a greater degree of a given personality trait. One retreat participant did not complete this scale at the Time 1 assessment.

Lifestyle dimensions including health responsibility (9 items), physical activity (8 items), nutrition (9 items), spiritual growth (9 items), interpersonal relations (9 items), and stress management (8 items) were assessed with the 52-item Lifestyle Profile II (66). Participants indicated the frequency with which they engaged in listed behaviors using a 4-point Likert scale ranging from (1) never to (4) routinely. Items were averaged to calculate subscale scores with a possible range of 1 to 4. Higher scores indicate greater engagement with a particular lifestyle factor.

Meditation practice and feelings of connectedness with fellow meditators were assessed at Time 2. Participants were asked to estimate how many hours per week they had practiced during the study period. They were also asked to report the degree to which they felt personally connected to other meditators in their community on a 7-point scale ranging from (1) strongly disagree to (7) strongly agree.





2.4 Data processing and statistical analyses

All analyses were conducted in R version 4.2.2 and R studio version 2023.6.1.524. Oxytocin and vasopressin data were transformed using the natural log (ln) to improve normality and reduce heteroscedasticity, as indicated by Box-Cox tests (using the ‘boxcox’ function), Shapiro-Wilk’s tests of normality (using ‘shapiro_test’ from the rstatix package), and Levene’s tests of homogeneity (using ‘levene_test’ from the rstatix package). These variables were then evaluated for outliers using the median absolute deviation (MAD) approach (67) applied to the total data set (i.e., with groups and time points combined) with a cutoff of +/- 3 * MAD. Two oxytocin observations (1 retreat participant at Time 1, and 1 control participant at Time 2) and one vasopressin observation (1 retreat participant at Time 1) were identified as outliers and winsorized to +/- 3 * MAD using the ‘winsorize’ function (from the DescTools package). We also evaluated whether these cases were associated with extreme change scores (i.e., Time 2 - Time 1) to identify outliers that might unduly influence our change-for-change correlation analyses. One participant was identified as having an extreme oxytocin change score and was subsequently removed from all analyses. Alternative analyses using the winsorized values for this participant did not change the overall pattern of results.

We assessed the effects of retreat on oxytocin, vasopressin, and attachment using linear mixed effects models with the ‘lme’ function from the nlme package. Because MLMs can accommodate missing data, participants who withdrew from the study or were unable to complete all assessments were included in analyses. We fit separate models for oxytocin, vasopressin, and attachment anxiety and avoidance to assess the main effects of Group, Time, and the Group x Time interaction, with random intercepts for participants. The emmeans package was used to calculate orthogonal pairwise comparisons and correct for multiple comparisons using the Tukey-Kramer method for each model. Breusch-Pagan’s test for heteroscedasticity (‘bptest’ from the lmtest package) indicated that the variance in oxytocin values differed between the retreat and control groups, so unique variances were specified for each group in the model. Given the sexually dimorphic effects sometimes observed in oxytocin, we also examined separate models for men and women.

We used the ‘hedges_g’ function from the easystats package to calculate the effect sizes for the between group differences at Time 1 and Time 2 (reported in Table 1) and the within-group changes between assessments (reported in Table 2) using the raw data.


Table 1 | Summary statistics by time and group.




Table 2 | Within group differences over time.



We also conducted a series of correlation analyses between the hormone and self-report measures. First, we examined associations between oxytocin and vasopressin and the self-report measures of attachment, anxiety, and personality in our full study sample at Time 1. Resultant p-values were corrected for 16 comparisons using a two-stage linear step-up procedure (68). We then used Pearson’s correlations to determine whether the observed changes in oxytocin were predicted by baseline measures of attachment style, anxiety, or personality, or if they were correlated with individual changes in any of these measures over time. We tested these relationships separately for each group and corrected resultant p-values for 32 comparisons using a two-stage linear step-up procedure. Lastly, we assessed the correlations between changes in oxytocin and the amounts of meditation practice undertaken during the study, and between participants’ levels of oxytocin at Time 2 and how personally connected they felt to other meditators in their community.

We did not conduct an a-priori power analysis on oxytocin and vasopressin because our sample size was necessarily constrained by the number of retreat participants who elected to participate in the study and because no prior retreat studies have examined these measures. Instead we conducted a sensitivity power analysis based on the parameters of the collected sample: Given final group sizes of 26 retreatants and 30 controls for oxytocin, we were powered to detect large standardized mean differences (d = .74) between groups at Time 2 and medium within-group changes for the retreat (d = .57) and control (d = .5) groups—assuming two-tailed tests, a significance level of .05, and power of .8. Because the group sizes were smaller for vasopressin (retreat = 20, control = 23), sensitivity analyses indicated we were only powered to detect larger group differences at Time 2 (d = .87), and larger within group changes for the retreat (d = .66) and control (d = .61) groups. Nevertheless, we expected to observe large sized effects given the magnitude and duration of the retreat intervention.





3 Results

As reported in Conklin et al. (52), the groups did not significantly differ in age, gender, education, household income, lifetime meditation experience, total number of previous retreats, or longest previously attended retreat (all p-values >.05), though retreat participants had attended significantly more days of retreat in the prior year than controls (Control M = 10, Retreat M = 28, p = .016). At Time 1, the groups also did not differ in BMI or measures of health responsibility, physical activity, nutrition, spirituality, or stress management (52). As expected, the retreat group (n = 25, M = 53 hours, range = 14–77 hours) reported practicing significantly more hours of meditation per week than the control group (n = 27, M = 4.1 hours, range = 1–9 hours) during the study.



3.1 Oxytocin

Summary statistics for all dependent measures are shown in Table 1 and within group changes are shown in Table 2. For oxytocin, there was a significant Group x Time interaction, F(1, 52) = 4.61, p = .036, but no significant effects of Group, F(1, 60) = 2.42, p = .125, or Time, F(1, 52) = 2.97, p = .091. Pairwise comparisons showed a significant decrease in the retreat group from Time 1 to Time 2, β = -0.09, SE = 0.03, p = .042, 95% CI [0, 0.17], but no change in the control group, β = 0.01, SE = 0.03, p = .997, 95% CI [-0.09, 0.07]. There were no significant differences between the retreat and control group at Time 1, β = -0.08, SE = 0.08, p = .777, 95% CI [-0.14, 0.29], or Time 2, β = -0.17, SE = 0.08, p = .167, 95% CI [-0.05, 0.39]. Changes in oxytocin by group are presented in Figure 1.




Figure 1 | Changes in oxytocin by group. The eyelets represent the mean and standard error of the respective group at the respective time point. The black distributions along each time point depict the overall distribution for the respective group at that time point. The transparent overlays in the panels on the left depict the distributions of participants who decreased within a particular group at a particular time point, and overlays in the panels on the right depict the distributions for participants who increased in oxytocin.  pg/ml, picograms per milliliter.



When we tested the effects of retreat separately for males and females, the model for females showed no significant Group x Time interaction, F(1, 29) = .79, p = .383, and no significant effects of Group, F(1, 35) = 1.78, p = .191, or Time, F(1, 29) = .23, p = .634. For males, the Group x Time interaction was on the cusp of significance, F(1, 20) = 4.11, p = .056, and there were no significant effects of Group, F(1, 22) = 1.66, p = .211, or Time, F(1, 20) = 3.71, p = .069. For males, pairwise comparisons revealed a pattern similar to the overall analyses, with retreat participants showing a nearly significant decrease in oxytocin, β = -0.1, SE = 0.04, p = .051, 95% CI [-0.2, 0], compared to controls who showed no change, β = 0, SE = 0.04, p = .999, 95% CI [-0.1, 0.11]. There were no differences between males in the retreat and control groups at Time 1, β = -0.07, SE = 0.1, p = .876, 95% CI [-0.34, 0.2], or Time 2, β = -0.18, SE = 0.1, p = .295, 95% CI [-0.45, 0.1]. In Figure 2, we compare changes in oxytocin in males by group, noting that the proportion of male retreat participants who decreased (11 out of 12) was much higher than control males (5 out of 10) or females on retreat (6 out of 11; not shown).




Figure 2 | Changes in log transformed oxytocin levels in males by group. The eyelets represent the mean and standard error of the respective group at the respective time point. The black distributions along each time point depict the overall distribution for the respective group at that time point. The transparent overlays in the panels on the left depict the distributions of participants who decreased within a particular group at a particular time point, and overlays in the panels on the right depict the distributions for participants who increased in oxytocin. pg/ml, picograms per milliliter.






3.2 Vasopressin

For vasopressin, there was no significant Group x Time interaction, F(1, 39) = 1.04, p = .314, and no significant effect of Group, F(1, 50) = 0.35, p = .558. There was a significant effect of Time, F(1, 39) = 6.73, p = .013. Pairwise comparisons indicated that both groups decreased, but that this change was not significant in either group separately, and that the groups did not differ at Time 1 or Time 2 (all p-values >.05). Given the lack of significant retreat effects and the number of samples that were undetectable, we did not test further associations between vasopressin and self-report measures.




3.3 Self-report measures

As reported in Conklin et al. (52), we observed significant decreases in anxiety and increases in conscientiousness in the retreat group over time, but there were no group differences or retreat-related changes in extroversion, agreeableness, neuroticism, or openness to experience (effect sizes shown in Tables 1, 2). We also found no significant effects of Group, Time, or Group x Time interactions for attachment anxiety and avoidance (all Group x Time interaction p-values >.05).




3.4 Associations between hormone and self-report measures

When we examined correlations between hormone and self-report measures across groups at Time 1, we found a significant positive correlation between oxytocin and attachment anxiety, r(53) = 0.27, p = .042, padj = .405—though this association did not survive correction for multiple comparisons. We found no other correlations between oxytocin or vasopressin and attachment avoidance, anxiety, agreeableness, conscientiousness, extraversion, neuroticism, or openess at Time 1 (all p-values >. 05).

Next, we examined relationships between baseline self-report variables and changes in oxytocin over time. We found a strong negative correlation between openness to experience at Time 1 and changes in oxytocin in the retreat group, r(20) = -0.72, p <.000, padj = .004, but not controls, r(26) = 0.01, p = .962, padj = .991 (depicted in Figure 3A). There were no significant correlations between changes in oxytocin and baseline attachment avoidance, attachment anxiety, trait anxiety, extroversion, neuroticism, agreeableness, or conscientiousness (all p-values >. 05).




Figure 3 | Correlations between oxytocin and psychosocial metrics by Group. (A) Correlations between openness to experience at Time 1 and changes in oxytocin; (B) Correlations between changes in oxytocin and changes in extroversion; (C) Correlations between oxytocin and feelings of personal connection with fellow meditators at Time 2.



When we examined changes in each self-report predictor in relation to changes in oxytocin, we found a significant negative correlation between changes in extroversion and changes in oxytocin for retreatants, r(20) = -0.58, p = .005, padj = .079, such that decreases in oxytocin were associated with increases in extroversion—though this association did not survive correction for multiple comparisons (depicted in Figure 3B). There was no such correlation in controls, r(23) = -0.23, p = .271, padj = .830. There were no significant associations between changes in oxytocin and changes in any other self-report measures (all p-values >.05).

Finally, we found no correlation between hours of meditation practiced during the study and changes in oxytocin in the retreat group, r(21) = .11, p = .634, or controls, r(24) = -.04, p = .864. We did, however, find a significant correlation between oxytocin levels at Time 2 and how personally connected retreat participants felt to their meditation community, r(23) = -0.47, p = .019 (depicted in Figure 3C). The association between oxytocin and feelings of connection at Time 2 was not significant for controls, r(25) = -0.23, p = .25.





4 Discussion

We investigated changes in oxytocin and vasopressin during a month-long Insight meditation retreat, as well as their relation to measures of attachment style, anxiety, personality, and social connectedness. We found a small but significant decrease in oxytocin in the meditation retreat group, with no significant change in controls, suggesting that silent retreat practice may elicit a reduction in oxytocin production. We also found a significant decrease in vasopressin across both groups, suggesting no specific effect of retreat. However, the vasopressin concentration in many of our samples fell below the level of detection, which limited our available sample and ability to interpret these results. In the retreat group, higher openness to experience at Time 1 predicted greater reductions in oxytocin during the retreat, and lower oxytocin at Time 2 was related to stronger feelings of personal connection with fellow meditators in the retreat group. The changes in oxytocin were not related to attachment style or trait anxiety.

At first glance, the observed decrease in oxytocin during retreat may seem at odds with established accounts of oxytocin’s involvement in prosocial and affiliative processes (69). However, there is a growing consensus that many of the findings regarding oxytocin and social behavior are person- and context-dependent (70). Several additional theories have been proposed to synthesize this extensive but often disparate literature, including anxiolytic and stress-related hypotheses (30, 71–73); the in-/out-group hypothesis (74, 75); the social salience hypothesis (76); the general approach−avoidance hypothesis (77, 78); and the allostatic theory of oxytocin (79). In the following sections, we interpret our findings from each of these perspectives—highlighting aspects of the meditation training and retreat intervention throughout.



4.1 Prosocial/affiliative hypothesis

The primary focus of the retreat intervention was mindfulness meditation, which included practice instructions to support awareness of one’s present moment experience and to relate to that experience without grasping, aversion, or delusion (56, 80). By developing these capacities, such training is expected to promote loving-kindness, which is conceptualized as a form of inclusive caring that recognizes the interconnectedness of all living beings (80). The retreat also included instruction in loving-kindness, compassion, empathetic joy, and equanimity. These meditation practices often involve guided imagery or the repetition of phrases meant to evoke feelings of care toward oneself and others. Such practices are intended to develop a prosocial orientation toward others and may function as an internal simulation or manifestation of social support (81–83).

In line with the aims of this training, we expected that oxytocin levels would increase in the retreat group and would be associated with improvements in attachment security and feelings of social connectedness. Although we did not find general support for these hypotheses, we did observe a relationship between oxytocin and social connectedness following retreat training—though the direction of this relationship suggests that lower oxytocin was related to greater feelings of connection. Additionally, the observed relationship between changes in oxytocin and changes in extroversion might suggest that individuals who demonstrated oxytocin reductions may have also experienced an increased desire for social engagement after weeks of silent retreat. However, this relationship did not survive correction for multiple comparisons. Moreover, contrary to our expectations, we observed no relationships between oxytocin and measures of attachment style, and no increases in secure attachment during retreat, suggesting that our findings may not necessarily represent changes in underlying patterns of attachment. This interpretation is consistent with a recent meta-analysis that found no relationship between endogenous oxytocin and attachment security (84). It is unclear, however, whether a different pattern of results would have emerged if the retreat was focused exclusively on relational practices including loving-kindness and compassion meditation. Research is needed that directly compares oxytocin outcomes from retreat interventions with different training emphases.




4.2 Anxiolytic/stress hypotheses

The prediction that oxytocin may be involved in meditation induced relaxation responses and prosocial behavior (1, 2) is, in part, predicated on the assumption that elevated oxytocin reduces stress and anxiety, which in turn may promote more prosocial engagement (76). Based on this hypothesis, we expected to see increases in oxytocin across the course of retreat and thought that these increases may be associated with reductions in anxiety. Instead we observed decreases in oxytocin that were unrelated to the decreases in anxiety observed. 

A closer review of the research on oxytocin, stress responding, and anxiety suggests that there are important nuances in this literature that may better situate our findings. For example, the ‘tend-and-befriend’ theory posits that under threat, elevated oxytocin levels may motivate women to seek out social support and may, therefore, be interpreted as a marker of distress (66, 68). In support of this idea, elevated peripheral oxytocin levels have been observed across instances of relational distress, anxiety, and depression (although the opposite has also been found—reviewed in 7). Thus, the reductions in oxytocin observed in our study may represent reductions in social distress while on retreat. This interpretation is consistent with our finding that lower levels of oxytocin were related to greater feelings of social connection at the end of retreat, and the reductions in anxiety that we observed in the retreat group. It is interesting to note, however, that the relationships between elevated oxytocin and distress have predominately been found in women, whereas the reductions in oxytocin observed in this study primarily occurred in the male retreat participants.

Given the short half-life of oxytocin in blood (2–8 minutes) (59, 79, 85, 86), another possibility is that the lower levels of oxytocin at Time 2 represent a decrease in stress reactivity to the blood draw following weeks of meditation training. While we cannot directly assess this assumption in our retreat group, data from our control group suggests that subjective experiences of stress related to the blood draw and leading up to the blood draw were not associated with oxytocin levels at either time point 5.




4.3 In-/out-group hypothesis

As evidence emerged that oxytocin’s effects on social behavior and cooperation were not uniformly positive, De Dreu and colleagues formulated the in-/out-group hypothesis to better account for these inconsistencies (74, 75). This theory suggests that oxytocin regulates cooperation and conflict in social species in the context of intergroup relations—increasing positive concern for familiar individuals over the interests of genetically or culturally unfamiliar out-group members (87). In support of this theory, they have demonstrated that oxytocin administration can promote ethnocentrism (88), parochial altruism (89), and within-group coordination of out-group attacks (90).

In the context of meditation training, the oxytocin system is an interesting biological target with respect to this in-/out-group framing, as many forms of meditation are intended to promote compassion and prosocial attitudes toward an increasingly broad and more inclusive range of targets, including friends, acquaintances, strangers, difficult others, and eventually all sentient beings (82). Given its involvement in prosocial processes like empathy and trust, elevated oxytocin has been expected to promote or facilitate compassion and loving-kindness. However, it may be that elevated oxytocin presents a barrier to compassion by making the distinction between in-group and out-group identity more salient. If this is the case, retreat-related reductions in oxytocin may facilitate the development of prosocial orientations toward those we view as more different from ourselves. Research examining the effects of intranasal oxytocin administration on compassionate responses to the various relational targets outlined in traditional meditation instructions could inform this point.




4.4 Social salience hypothesis

In an effort to reconcile the prosocial, anxiolytic/stress, and in-/out-group hypotheses, other investigators proposed the social salience hypothesis (70, 76). This theory posits that oxytocin modulates the perceptual salience and processing of social cues by regulating dopamine’s salience coding and attention reorienting effects (76). In an extension of this theory, Steinman, Duque-Wilckens and Trainor (91) review literature suggesting that there are overlapping but distinct neural circuits that mediate the effects of oxytocin in appetitive and aversive social contexts—with the nucleus accumbens and ventral tegmental area facilitating social reward and approach behavior, and the bed nucleus of the stria terminalis mediating avoidance in socially aversive contexts (91).

In the retreats studied here, we may expect increased orientation toward social cues given that participants lived onsite with teachers and 80 to 100 fellow practitioners, most of whom are strangers. However, the retreats also involved a set of behavioral guidelines that may have reduced practitioners’ need to attend to typical social cues. For example, the retreats began with a ritual on the five precepts, in which participants agree to refrain from 1) taking life (e.g., killing), 2) taking what is not freely given (e.g., stealing), 3) misuse of the senses (often related to sexual behavior), 4) wrong speech (e.g., lying), and 5) intoxicants for the course of the retreat. These precepts are intended to facilitate a physically, socially, and psychologically safe environment to support sustained focus on the practice. Retreat participants also practiced noble silence, during which they avoided deliberately engaging with or conversing with others, despite spending time in close physical proximity (92). This unique social context may reduce social demands while preserving some advantages of social proximity—including a state of calm or equanimity, supported by bodily synchronization and emotional attunement (92). Additionally, oxytocin is released in response to many social behaviors that are intentionally renounced during retreat—including affiliative vocalizations, eye contact, social touch, and sexual behavior (93–95). As such, the withdrawal from these normative forms of social interaction may have contributed to the observed decreases in oxytocin while on retreat.




4.5 General approach−avoidance hypothesis

The general approach−avoidance hypothesis challenges the notion that the oxytocin system is socially specific—arguing instead that oxytocin may regulate approach and avoidance behavior in a generalized way (77, 78, 96). Harari-Dahan and Bernstein (77) note that the neural substrates for social and non-social approach and avoidance are the same and argue that oxytocin enhances the salience of personally meaningful and emotionally evocative stimuli, regardless of whether they are social or non-social (77).

Considered through this lens, the retreat-related reductions in oxytocin may indicate a shift in appetitive and avoidant motivations as a function of meditation practice and the retreat context. Insight meditation practice involves closely observing, and actively inhibiting, impulses to approach or avoid internal and external stimuli (e.g., engaging in a ruminative pattern of thought or greeting people as you enter a room). Moreover, the retreat environment is designed to limit and adjust the kinds of external stimuli practitioners engage with in order to promote attention to internal experiences, which is believed to facilitate insight and shifts in one’s relationship to experience. For example, at mealtime practitioners might be instructed to notice sensations related to hunger, and to observe how those sensations change as they walk to the dining hall, when they take their first bite, and as they reach or pass satiation. Through such observation, practitioners may begin to better understand, and potentially modulate, their conditioned responses to food cues. Consequently, the observed reductions in oxytocin may reflect shifts in the relative salience and prioritization of both social and non-social stimuli in the environment. This interpretation is consistent with evidence that mindfulness-based interventions can help to reduce habitual reward responses to drug-related cues while enhancing responses to healthy rewards in those experiencing opioid addiction (97, 98). Nevertheless, our findings seem to contradict research suggesting that greater plasma oxytocin is related to less craving in former heroine users (99).




4.6 The allostatic theory of oxytocin

Finally, the allostatic theory of oxytocin situates the social functions of oxytocin within a broader framework of anticipatory and survival related functions (79). According to this theory, oxytocin mediates the sensing, learning, predicting, and responding necessary for allostatic regulation, including shifting physiological set points in response to temporal and local conditions. In support of this model, when Quintana et al. (100) compared the distribution of oxytocin receptor expression in the brain to cognitive state maps generated from over 14,000 fMRI studies, they found that the oxytocin receptor gene was among the top .05% of genes most strongly associated with anticipatory, appetitive, and aversive states out of over 20,000 protein-coding genes (100). Rather than diminish the social functions of oxytocin, this perspective situates social behavior as a critical mechanism of adaptation for social species that is integrated with many physiological systems throughout the body. This view helps to explain oxytocin’s involvement in processes like digestion (101), metabolism (102), the immune system (103), and cardiovascular function (104).

If considered from this lens, the decreases in oxytocin might reflect an adaptation to the relative stability of the retreat environment and routine. In this context, the association we observed between openness to experience and oxytocin reductions may represent a form of malleability that promotes adaptation to the retreat environment. In a residential retreat, lodging and regular meals are provided, and most hours of the day are scheduled. This structure is designed to support mental stability and calm, allowing access to increasingly subtler sensations and experiential states. Thus, retreats may represent an important opportunity for the brain and body to update certain predictive models, with the intention of recognizing and potentially adjusting maladaptive patterns. Importantly, the allostatic theory of oxytocin also provides a framework for understanding how meditation or mindfulness-related modulation of the oxytocin system might contribute to broader scale health improvements.




4.7 Strengths and limitations

To our knowledge, this is the first longitudinal study to measure endogenous oxytocin in the context of a residential meditation retreat. The advantages of this design include the high dose of meditation practice and the ecological validity of the retreat, which has been offered annually at Spirit Rock for decades. Moreover, our control group was composed of similarly experienced meditators who had themselves attended intensive retreats, which helps to minimize the chance that the differences we observed were principally the result of lifestyle differences between regular meditation practitioners and non-meditators.

Despite these strengths, our design prevents us from distinguishing the effects of meditation practice from the broader social, behavioral, and situational changes inherent to retreats. However, all of these components are likely synergistic aspects of the intervention, and our goal was to assess the retreat intervention as a whole. Additionally, coordinating with the retreat center to maintain the integrity of the retreat imposed logistical constraints that limited our available sample size and precluded a true pre-retreat assessment and randomization to groups. The generalizability of our findings is also limited by participants’ self-selection into the retreat and study, as residential retreats are often only accessible to people with the means and flexibility to leave their home and jobs for extended periods of time.

Another limitation of our design was the asynchronous assessment of retreat participants and controls. Retreat participants were assessed over a 2-month period, whereas controls were assessed across an entire year. Animal studies indicate there is seasonal variation in oxytocin and oxytocin receptor expression in species that demonstrate seasonally specific mating and group behavior (105). In humans, we expect these patterns to be more complex given the range of environments and behavioral patterns we have adapted to, though there is little empirical research on this topic. Preliminary evidence does, however, suggest that there may be seasonal variations (106) that could have contributed more variability in our control group. It might also be that the retreat effects in women were obscured by fluctuations in oxytocin related to their menstrual cycles. Oxytocin levels have been shown to fluctuate with estrogen levels (107, 108), so menstrual cycle stage and estrogen levels will be important covariates to include in future studies.

Another important limitation of this study is the measurement and interpretation of plasma oxytocin and vasopressin. We measured the concentration of these hormones in raw plasma using ELISA assays without the extraction step. There are several compelling arguments against the assessment of oxytocin in unextracted samples, which suggest that resultant oxytocin values may be grossly overestimated, contaminated by other molecular species, or even completely arbitrary (59, 60, 109). On the other hand, mass-spectrometry results suggest that plasma oxytocin levels may be higher than previously understood, and that the discrepancies between raw and extracted samples may represent the distinction between free and total oxytocin (61). Brandtzaeg and colleagues (61) proposed that the majority of endogenous plasma oxytocin is bound to other proteins, which are eliminated during the extraction process. If this is the case, then free and bound fractions of oxytocin may have different implications for behavior; however, the biological activity of bound oxytocin remains unclear. Interestingly, advocates of extraction also note that both extracted and non-extracted samples seem to contain immunoreactive molecules other than oxytocin (59, 60, 110). It is hypothesized that some of these molecular species may be oxytocin degradation products, and therefore still reflective of the oxytocin system (60, 109). Unfortunately, comparative analyses suggest that ELISA kits from Enzo Life Sciences may be particularly affected by immunoassay interference (62).

It is also worth noting the range of peptide values observed in this study. Many of our vasopressin samples fell below the lower limit of detection for this assay, suggesting that plasma vasopressin may not be a viable measure in healthy humans. Meanwhile, the oxytocin values observed were particularly high, with many of our samples exceeding the upper limit of the assay curve. Although unextracted samples are expected to have higher concentrations than extracted samples samples, the range of raw oxytocin values observed in this study (933–4623 pg/ml) was considerably higher than other studies reporting mean values in the lower hundreds—though some studies with unextracted human plasma samples have reported similar values (e.g., 111). Moreover, we know from communications with Enzo that the company had recently transitioned to a new oxytocin assay and antibody, meaning that these values may not be directly comparable to those generated from previous versions of the assay kit. Given these limitations, many of which are discussed in greater detail by Tabak and colleagues (34), it is critical that our findings be replicated with more reliable measurement methods.




4.8 Future directions

Our findings raise the possibility that oxytocin production may decline as the result of intensive meditation practice as well as the reduced social interaction characteristic of silent meditation retreats. This raises interesting implications to be tested in future studies. For example, reductions in oxytocin during a silent retreat may signal a sensitivity or openness to subsequent social interactions following social withdrawal. That is, the prolonged period of reduced social interaction may serve to re-sensitize an individual to social exchanges, such that they may be more attuned to social cues immediately following retreat. This hypothesis is in line with theory and data suggesting that meditation training may function to enhance the motivational salience of interpersonal cues, particularly those relevant to processes of empathy and compassion (50). In addition to measuring hormone levels at multiple time points throughout retreat, future studies would benefit from including follow-up assessments to investigate oxytocin fluctuations and social engagement after retreat. It will also be useful to compare different styles of meditation interventions. For example, comparing a silent meditation retreat to a relational retreat, which includes periods of guided social interaction in addition to silent meditation practice, would help to determine whether the reductions in oxytocin are driven by the reductions in social interaction or other aspects of the retreat intervention.

Additionally, considering our results alongside the two studies that found increased oxytocin during acute meditation sessions (i.e., 40–42) suggests that short-term practice and more intensive training may carry different biological signatures or trajectories, and that the practice context may be particularly influential. Future studies will be needed to understand how patterns shift as practitioners develop meditative experience and practice across different contexts.

In addition to circulating oxytocin levels, it will also be important for future studies to consider oxytocin genotypes and receptor expression. For example, in the first study to link meditation to the oxytocin system, Isgett et al. (112) found that a polymorphism of the oxytocin receptor gene rs1042778 moderated the effects of a 6-week loving-kindness program versus a mindfulness meditation program on participants’ positive emotions. Participants in the loving-kindness condition with the GG allele—which has been linked to lower negative affectivity and less inhibited sociality—demonstrated greater increases in positive emotions than those without the GG allele or those who participated in the mindfulness meditation condition (112). As such, it will likely be necessary to track more facets of the oxytocin system to fully understand the effects of meditation on oxytocin signaling.

Finally, although there were no statistically significant differences between genders in our study, it is worth noting that the pattern of oxytocin reduction was more consistently observed in males (11 out of 12 participants) than in females (6 out of 12) on retreat. This finding warrants replication in a larger sample to determine if there are sex differences in the physiological benefits of practicing in an intensive retreat context. To date, there is limited evidence suggesting that there are sex differences in the effects of intranasal oxytocin on empathy. A recent meta-analysis found that there was no statistically significant difference between sexes; however, the authors noted that in studies with males only, the effect of intranasal oxytocin was consistently positive, whereas the effects in studies that included females were close to zero (26). They hypothesize that females may have higher baseline empathic abilities due to differences in endogenous oxytocin levels and the degree to which women are socialized to express empathy, which is consistent with the finding that intranasal oxytocin increased the empathic responses in males to a level similar to that of untreated females (113). Future studies will be needed to assess these potential differences in relation to retreat practice.





5 Conclusions

Our data provide compelling alternatives to the prosocial and attachment-mediated hypotheses regarding oxytocin and meditation, suggesting that oxytocin may decrease during intensive meditation retreats. Given the comprehensive nature of the retreat intervention and the pleiotropic functions of oxytocin, it is plausible that this finding reflects broad-scale changes in approach/avoidance behavior, reward processing, and allostatic regulatory functions, which may ultimately contribute to changes in social behavior and overall well-being. To extend this work, we advocate for more nuanced study designs that assess multiple aspects of the oxytocin system while also differentiating between the potential effects of different practice types and contexts.
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Footnotes

1For some participants, domestic or international travel was required to attend the retreat, which made blood collection prior to the onset of the retreat infeasible. Additionally, given the potential stress of travel, retreatants were given a full day to acclimate to the retreat environment before the first assessment. Therefore, the Time 1 measures were not strictly a pre-intervention baseline.

2This meditation session was included to allow control participants to acclimate to the retreat center after driving from their homes, given that retreat participants were not required to travel.

3For arguments in favor of extraction see Leng and Sabatier (59) and Szeto et al. (60); for arguments against extraction, see Brandtzaeg et al. (61) and Gnanadesikan et al. (62).

4The intra-class correlation coefficients were calculated using the ‘rpt’ function from the rptR package. Models were fitted on the log-transformed hormone data, as described in the Data Processing and Statistical Analyses section using the lme4 package. To account for the study design, the models included a random intercept for participant and fixed effects for Group, Time, and the Group x Time interaction, as recommended by the telomere research network (https://trn.tulane.edu/wp-content/uploads/sites/445/2020/10/How-to-calculate-repeatability.pdf).

5At each assessment, the control group filled out a brief stress questionnaire (7 items) regarding their subjective experience of the blood draw as well as their perceived stress in the days, weeks, and months leading up to the blood draw. We tested the correlation between log transformed oxytocin and each of these questions, as well as the average of these questions, and FDR corrected the resultant p-values. There were no significant correlations (-0.39 < rs < 0.23, adjusted p-values > .05).
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