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Abstract
Objectives: Attrition is very common in longitudinal research, including randomized controlled trials (RCTs) testing psychological interventions. Establishing rates and predictors of attrition in mindfulness-based interventions (MBIs) can assist clinical trialists and intervention developers. Differential attrition in RCTs that compared MBIs with structure and intensity matched active control conditions also provides an objective metric of relative treatment acceptability. Methods: We aimed to evaluate rates and predictors of overall and differential attrition in RCTs of MBIs compared with matched active control conditions. Attrition was operationalized as loss to follow-up at post-test. Six online databases were searched. Results: Across 114 studies (n = 11,288), weighted mean attrition rate was 19.1% (95% CI [.16, .22]) in MBIs and 18.6% ([.16, .21]) in control conditions. In the primary model, no significant difference was found in attrition between MBIs and controls (i.e., differential attrition; odds ratio [OR] = 1.05, [0.92, 1.19]). However, in sensitivity analyses with trim-and-fill adjustment, without outliers, and when using different estimation methods (Peto and Mantel-Haenszel), MBIs yielded slightly higher attrition (ORs = 1.10 to 1.25, ps < .050). Despite testing numerous moderators of overall and differential attrition, very few significant predictors emerged. Conclusions: Results support efforts to increase the acceptability of MBIs, active controls, and/or RCTs, and highlight the possibility that for some individuals, MBIs may be less acceptable than alternative interventions. Further research including individual patient data meta-analysis is warranted to identify predictors of attrition and to characterize instances where MBIs may or may not be recommended. Meta-Analysis Review Registration: Open Science Framework (https://osf.io/c3u7a/)
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Overall and Differential Attrition in Mindfulness-Based Interventions: 
A Meta-Analysis
Mindfulness-based interventions (MBIs) have become increasingly visible within the scientific literature and popular culture in the past two decades (Van Dam et al., 2018). MBIs are a sub-category of third wave behavior therapies which share, among various features, an emphasis on acceptance (Hayes, 2004; Hayes & Hofmann, 2017). MBIs specifically aim to train regulation of attention towards present moment experiences without judgment through formal mindfulness meditation practice (Crane et al., 2017; Kabat-Zinn, 1990). Standardized MBIs that have been repeatedly tested in randomized controlled trials (RCTs) include mindfulness-based stress reduction (MBSR; Kabat-Zinn, 2013), mindfulness-based cognitive therapy (MBCT; Segal et al., 2013), and closely related programs such as mindfulness-based relapse prevention (MBRP; Bowen et al., 2009), mindfulness-oriented recovery enhancement (MORE; Garland et al., 2019), and mindfulness-based cancer recovery (MBCR; Carlson, 2013). These MBIs are designed to benefit various clinical targets such as depression relapse, chronic stress, recovery from cancer treatment, pain, and substance use.
Meta-analyses of RCTs examining the efficacy of MBIs have noted promising effects on a range of clinical outcomes, although results vary somewhat (e.g., by target population, comparison condition; Galante et al., 2021; Goldberg et al., 2018, 2021c; Goyal et al., 2014). On the whole, MBIs appear superior to non-specific control conditions (e.g., waitlist, minimal treatment) and slightly superior to or on par with specific active control conditions (i.e., intended to be therapeutic; Goldberg et al., 2021c; Wampold et al., 1997). Evidence for efficacy is most robust for psychological symptoms (e.g., depression, anxiety) in both clinical and non-clinical populations with modest indications of potential benefits on aspects of physical health as well (e.g., chronic pain, sleep; Khoo et al., 2019; Rusch et al., 2019).
Like other evidence-based treatments, the empirical support for MBIs rests primarily on RCTs (American Psychological Association, 2006). And, like all longitudinal designs, RCTs are vulnerable to missing data due to attrition, resulting from participants dropping out of the treatment and/or the study. The issues of treatment dropout, study attrition, and the associated missing data have been examined within the broader psychotherapy literature (e.g., Swift & Greenberg, 2012; Swift et al., 2017). For example, Swift and Greenberg (2012) reported a weighted dropout rate of 19.7% in review of 669 psychotherapy studies (although not all were RCTs). Estimates based on the RCT literature (e.g., individual psychotherapy for major depressive disorder) have been similar (17.5%; Cooper & Conklin, 2015). 
[bookmark: _Hlk65421588]There are several reasons to attend to attrition and its consequences. For one, missing data can have important statistical consequences, such as reducing power and biasing parameter estimations (Crutzen et al., 2015; Graham, 2009; Hansen et al., 1985). In recognition of the need to handle missingness appropriately, a variety of methods have been proposed for use within the context of RCTs (e.g., multiple imputation, maximum likelihood estimation, sensitivity analyses for missing not at random; Graham, 2009; Power & Freeman, 2012). Alongside statistical consequences, attrition can also reflect treatment unacceptability and signal potential barriers to delivery that may reduce effectiveness in the real world (Hansen et al., 1985; Swift & Greenberg, 2012). Although some clients do drop out of treatment due to improved symptoms (Simon et al., 2012), it is generally linked with poorer outcomes (e.g., Björk et al., 2009). Attrition may also indicate issues of safety, with participants dropping out due to adverse experiences (Baer et al., 2019; Dobkin et al., 2012).
The issue of attrition in MBI RCTs has been raised previously (e.g., Khoury et al., 2013, Nam & Toneatto, 2016), although it remains largely unexplored empirically. Reviews of this literature have reported a range of overall attrition rates, with some estimates similar to the general psychotherapy literature (e.g., 16.25%; Khoury et al., 2013) and others somewhat higher (29%; Nam & Toneatto, 2016). However, to our knowledge no study has provided meta-analytically derived attrition estimates (i.e., inverse variance weighted and based on a systematic search) nor have prior studies investigated characteristics that may be associated with attrition rate (i.e., meta-analytic moderators). A thorough understanding of characteristics (e.g., participant-, program-, clinician-, or study-related) that predict higher attrition rates would be highly useful for clinical trialists seeking to plan adequately powered studies. Moreover, understanding who may be more likely to drop out of MBIs can inform treatment design and adaptation.
RCTs can provide estimates of overall attrition (e.g., Khoury et al., 2013; Nam & Toneatto, 2016). And, while study attrition is likely correlated with treatment dropout, in theory participants may drop out of RCTs due to factors related to RCT procedures (e.g., burden of completing assessments) and may drop out of the RCT but remain in the treatment (e.g., refuse to complete post-treatment assessments). Importantly, due to randomization, RCTs are uniquely well-suited for evaluating differential attrition. Differential attrition refers to the difference of attrition rate between treatment conditions (Bell et al., 2013). Within RCTs, assuming randomization is successful (i.e., groups are adequately matched at baseline), one can conclude that differences in attrition rates between groups result from the condition to which individuals are randomly assigned (Goldberg et al., 2021a). When conditions are not matched in intensity (e.g., active intervention vs. waitlist control), it can be difficult to interpret the cause of differences in attrition between groups (beyond the active vs. passive characteristic). However, when conditions are matched in structure and intensity (e.g., similar treatment format, similar number of sessions), one can infer that higher attrition for individuals assigned to one condition (i.e., differential attrition) indicates lower acceptability for this condition relative to the comparator (Bell et al., 2013; Goldberg et al., 2021a).
Within the context of MBI RCTs, robust estimates of differential attrition would be a valuable objective metric for acceptability of MBIs relative to other treatment approaches. Given MBIs tend to perform on par with other therapies, predicted acceptability for a particular individual (e.g., based on clinical characteristics) could guide if or when MBIs are to be recommended. 
Two recent meta-analyses evaluated the differential attrition of MBIs relative to active control conditions and found contrasting results. Goldberg et al. (2020) explored the efficacy and acceptability of MBIs for military veterans in comparison to active control groups and found that MBIs were associated with higher attrition relative to controls for military veterans (odds ratio [OR] = 1.98, p < .050, k = 9), raising questions regarding the acceptability of MBIs in this population. Sun et al. (2021) explored the efficacy and acceptability of MBIs among people of color (POC) in comparison to active control groups. However, results showed that MBIs were not associated with higher attrition relative to controls in predominantly racial/ethnic minority participants (OR = 0.98, p = .91, k = 8). Given the discrepant findings of these prior reviews which focused on small subsets of the literature, it is worthwhile examining whether differential attrition appears across the MBIs literature generally and which study characteristics (e.g., MBI type, participant demographics) are associated with rates of differential attrition.
In sum, rates of both overall and differential attrition in MBI RCTs are unclear based on the available evidence and no study has examined characteristics that may account for variation in attrition rates. Lacking reliable estimates of attrition and a thorough understanding of factors that influence attrition makes it difficult for clinical trialists to adequately plan for attrition and for treatment developers and clinicians to address intervention-related factors that might augment acceptability. It also remains unclear when, if ever, MBIs may be perceived a more or less acceptable than alternative intervention approaches. 
[bookmark: _Hlk64311920]To address these gaps, we conducted a meta-analysis of overall and differential attrition rates in RCTs of MBIs. In order to allow estimation of both overall and differential attrition, we restricted our sample to RCTs comparing MBIs to structure and intensity matched active control conditions. Given the heterogeneity in MBIs that have been tested, we restricted our review to MBIs similar in structure to the first and paradigmatic MBI: MBSR. We focused our literature search on MBSR and adaptations of MBSR which have themselves been widely tested in RCTs (i.e., MBCT, MBRP, MORE, MBCR). As treatment dropout is not always clearly defined or clearly reported within RCTs, we used loss to follow-up at post-treatment assessment as our metric of attrition (Crutzen et al., 2015). In exploratory analyses, we examined a wide variety of potential moderators of attrition, including participant (e.g., demographic characteristics, clinical characteristics), program (e.g., MBI and comparison types, group vs. individual format, recruitment settings), clinician (e.g., instructor training), and study characteristics (e.g., year of publication).
Methods
Protocol and Registration
	This study was preregistered through the Open Science Framework (https://osf.io/c3u7a/). It was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009). We made the following six deviations from our preregistered plan. First, we operationalized attrition as study attrition (i.e., absence from post-treatment data collection). This was done to allow a uniform definition of attrition, as authors did not consistently define intervention completion. Second, standardized mean differences for completers versus dropouts were not analyzed as these data were not reported. Third, we conducted trim-and-fill analyses, created contour-enhanced funnel plots, and conducted the Harbord test (Harbord et al., 2006) to evaluate the impact of publication bias. Fourth, MBIs were required to be ≥ 6 sessions and/or weeks in duration. This duration was selected to allow some deviation from the length of MBSR (i.e., weekly meetings for 8 weeks) while retaining a similar intensity of intervention. Fifth, we examined the bibliography of two recent large-scale meta-analyses (Galante et al., 2021; Goldberg et al., 2018) for potentially eligible studies. Sixth, we examined differential attrition using Peto’s and Mantel-Haenszel’s methods which are recommended by the Cochrane Collaboration for conducting meta-analysis with rare events data (Higgins & Thomas, 2019).
Eligibility Criteria
	Studies were selected based on the following criteria: (a) delivery of an MBI, (b) randomized-controlled trial design, (c) at least one matched active control group, (d) reported the number of study dropouts. As we intended our results to be generalizable to the most commonly available MBIs, MBIs in the included studies were required to be based on approximately the same length (i.e., 6 to 8 weeks and/or sessions excluding the retreat day) and content of the following widely studied and standardized MBIs: MBSR, MBCT, MBRP, MORE, MBCR. Active control groups were included if they had roughly the same structure and duration of the MBIs (i.e., structure and intensity matched). Specifically, the total treatment duration of these active control groups was required to be at least 50% of the MBI groups (and the number of MBI and control treatment sessions was tested as a moderator). Active controls were eligible whether or not they were explicitly intended to be therapeutic (i.e., bona fide active controls; Wampold et al., 1997). However, this control group feature was coded and tested as a moderator of differential attrition based on the possibility that participants may find non-bona fide control groups less acceptable. Control groups that incorporated other forms of contemplative practice included in MBIs (e.g., yoga, other types of meditation training) were excluded. In order to isolate the effects of MBIs (i.e., interventions that included mindfulness meditation training; Crane et al., 2017) on attrition, interventions that primarily train the attitudinal aspects of mindfulness (e.g., Acceptance and Commitment Therapy, Dialectical Behavior Therapy) were excluded. No restrictions were placed on publication status, intervention format (virtual vs. in-person, individual vs. group), language, or population (i.e., clinical and non-clinical samples, adults and children).
Information Sources
We searched six databases including PubMed, CINAHL, PsycINFO, Web of Science, Scopus, and Cochrane clinical trials registry from the first available date until July 16, 2020. In addition, we also handsearched the bibliography of two recent large-scale MBI meta-analyses (Galante et al., 2021; Goldberg et al., 2018).
Search
As we were interested in examining attrition in specific widely studied and standardized MBIs, consistent with prior reviews (e.g., Kuyken et al., 2016) we included intervention-specific search terms: (“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*) (Supplemental Materials Table 1).
Study Selection
Studies were independently reviewed by two authors and evaluated based on predetermined inclusion/exclusion criteria. Title and/or abstracts were screened first. For studies that passed initial screening, full texts were reviewed. Coding disagreements were discussed with the corresponding author until reaching consensus. Inter-rater reliabilities for inclusion at title and/or abstract and full text levels were good to excellent (i.e., ICC ≥ .60; Cicchetti, 1994).
 Data Collection Process
Standardized spreadsheets were created for coding study data. Data were independently extracted by the first and second authors. For clinical trials registration, studies were excluded if they were still recruiting. If study recruitment was completed or unknown, authors were contacted regarding the availability of data. Data from nine out of 61 RCTs were received from authors (Andersen et al., 2020; Daubenmier et al., 2016; Garland et al., 2016; Jasbi et al., 2018; King et al., 2016; Marchant et al., 2021; Marciniak et al., 2020; Metin et al., 2019; van der Donk et al., 2019). Five studies (Brewer et al., 2009; Brewer et al., 2011; Fiocco et al., 2019; Garland et al., 2010; Morone et al., 2009) were included based on handsearching searching the two recent meta-analyses (Galente et al., 2021; Goldberg et al., 2018). 
Data Items
	Data necessary for computing attrition rates were extracted. Specifically, we extracted the intention-to-treat (ITT) and completer sample sizes in both MBIs and control conditions. 
To examine predictors of attrition, we also extracted study-level characteristics (i.e., participant, program, clinician, and study design characteristics). Given the absence of prior work, we sought to examine a wide variety of potential predictors in exploratory analyses. We examined ten participant characteristics including five demographic variables (i.e., age, racial/ethnic minority status, gender, marital status, education), four population types (i.e., psychiatric, medical, veterans, non-clinical), and country (Table 2). We examined five program factors including treatment duration (i.e., number of sessions), MBI type (MBSR, MBCT, MORE, MBRP, MBCR), control type (specific active control vs. non-specific active control), treatment adaptation (whether MBI or control were adapted for specific population), and treatment format (group vs. individual). Whether the instructor had completed formal training was the only clinician factor assessed. In the current study, formal training refers to whether the MBI instructor had completed meditation-related training or certification (e.g., completed MBSR teacher training) or whether the MBI instructor of control condition instructor had completed various forms of formal clinical training (e.g., clinical degrees in counseling or social work). We also examined two study design factors including recruitment setting (whether recruitment occurred in a clinical setting [e.g., hospital], non-clinical setting [e.g., community], or both), and year of publication. 
Given the importance of proper handling of missing data for producing unbiased and efficient estimates of treatment effects (Graham, 2009), we also coded how missing data were handled by study authors (e.g., completer analyses, multiple imputation, etc.). This was coded for descriptive purposes only (i.e., not tested as a moderator of treatment effects). We also coded treatment completion rates and definitions of treatment completion for descriptive purposes.
Summary Measures
	We calculated the overall meta-analytically weighted average attrition (i.e., meta-analysis of proportions) for MBI and control groups. To examine differential attrition, ORs were computed to estimate the likelihood of dropout from the MBI conditions relative to the control (Cooper et al., 2009).  
Synthesis of Results
Standard meta-analytic methods were adopted (Cooper et al., 2009) to compute overall (i.e., meta-analysis of proportions) and differential attrition. Overall attrition was computed as the ratio between dropout and ITT sample sizes and was calculated for MBIs and control conditions separately:
							(Equation 1)
The variance of overall attrition rate was computed using standard methods (Cohen et al., 2003):
			(Equation 2)
Differential attrition was calculated as an odds ratio (i.e., odds of dropout in MBI relative to control) using the following formula (Borenstein et al., 2009):
 					(Equation 3)
  				(Equation 4)
	An odds ratio greater than 1 indicates that attrition rates were higher in MBIs than controls. The odds ratios were converted into log odds for use in analyses (Borenstein et al., 2009). To allow inclusion of studies with no attrition, a continuity correction of 0.5 was added to all cells when no attrition was observed for MBIs and/or controls (Sweeting et al., 2004). 
Random effects models with inverse variance weighting were implemented using the ‘metafor’ package (Viechtbauer, 2010) in R (R Core Team, 2021). For differential attrition, Peto’s method and Mantel-Haenszel’s method were used as sensitivity analyses and conducted without the continuity correction applied (Higgins & Thomas, 2019). Heterogeneity was characterized using I2 which represents the proportion of variance in effect sizes due to between-study differences (Higgins et al., 2003). Exploratory moderator analyses were conducted to examine potential sources of heterogeneity. 
Risk of bias across studies
We conducted trim-and-fill analyses to assess the potential impact of publication bias (e.g., unpublished trials, trials published in non-English language journals). The “file drawer problem” occurs when meta-analytic results fail to include unpublished primary studies due to insignificant findings (Sutton, 2009). Trim-and-fill analyses aim to correct funnel plot asymmetry arising from publication bias (e.g., underpowered studies; Duval et al., 2000). This is done by imputing studies that would create symmetry around the observed omnibus effect. We also examined contour-enhanced funnel plots which allow evaluation of funnel plot asymmetry in combination with statistical significance of the observed effects (Peters et al., 2008). This is designed to aid in interpreting whether missing studies were due to publication bias. For differential attrition, we also conducted the Harbord test (Harbord et al., 2006), which is a funnel plot asymmetry test designed for binary outcome data with rare events. This was conducted using the ‘regtest’ function with Peto’s method in the ‘metafor’ package (Viechtbauer, 2010).
Additional analyses
As identified in our preregistration, four categories of study characteristics were included in our exploratory moderator analyses. They were selected based on prior theoretical and empirical literature (Baer et al., 2019; Goldberg et al., 2020; Khoury et al., 2013) as well as what was reported most consistently across the included studies. As noted above, these included ten demographic and population-related variables, five program factors, one clinician factor, and two study design factors (Table 2). For categorical variables with multiple levels (e.g., country), we created dummy codes for the contrasts of interest (e.g., North America vs. other regions, Asia vs. other regions). However, given the likely underpowered nature of these analysis and the risk of Type I error given the number of tests conducted, these examinations were very intentionally exploratory in nature, should be interpreted cautiously, and replicated in future studies.
Standard meta-analytic methods were adopted (Cooper, et al., 2009) to test for outliers (Viechtbauer & Cheung, 2010; Harrer et al., 2019). Specifically, we used the ‘find.outliers’ function (Cuijpers et al., 2020) in R as a sensitivity analysis to assess the degree to which patterns were driven by outliers. Outliers were defined as studies whose confidence interval does not overlap the omnibus effect confidence interval (Harrer et al., 2019).
Results
Study Selection
The search yielded 4,652 citations. We removed 2,659 duplicates and evaluated the remaining 1,993 studies titles and/or abstracts based on the inclusion criteria. The screening resulted in 602 studies for full-text eligibility review (Figure 1). After applying our inclusion and exclusion criteria, 114 studies were retained, representing 11,288 participants.
Study characteristics
Characteristics of the 114 included studies are available as supplemental data (https://osf.io/c3u7a/). Studies were published between 2007 and 2021. Most studies occurred in North America (65.79%), although studies also occurred in Europe (16.67%), Asia (7.89%), the Middle East (4.39%), South America (1.75%) or across multiple regions (3.51%). Participants were on average 45.49 years old (SD = 14.87), 64.74% female, and 34.45% racial/ethnic minorities. Racial/ethnic minority status was defined relative to the majority population in the country where the primary study was conducted. Samples primarily included individuals with medical (38.60%) or psychiatric conditions (34.21%), with 27.19% drawn from non-clinical populations. A small percentage (7.02%) were military veterans. Recruitment most commonly occurred in clinical settings (37.71%) or a combination of clinical and non-clinical settings (27.90%).
MBIs were most commonly based on MBSR (59.65%), with 29.82% based on MBCT, 5.26% on MBRP, 4.39% on MORE, 0.88% on MBCR. Among the control interventions, most (92.11%) were specific active controls (i.e., intended to be therapeutic; Wampold et al., 1997), while 7.89% studies were non-specific active controls. The most common control comparisons were various psychotherapies (e.g., cognitive behavioral therapy, relapse prevention; 42.20%), psychoeducation (34.86%), support groups (9.17%), progressive muscle relaxation (5.50%), and physical exercise (3.67%). Most MBIs and controls were adapted to the study population (70.18% and 76.32%, respectively) and took place in a group format (92.98%). The average duration of MBIs was 8.47 weeks (SD = 2.21, range = 4 to 22) and 8.86 sessions (SD = 2.30, range = 1 to 20). The average duration of control conditions was 8.61 weeks (SD = 2.29, range = 4 to 22) and 8.86 sessions (SD = 2.30, range = 1 to 20). Those delivering either the MBI or control condition typically had specialized training to do so (83.49% and 77.98%, respectively).
Most studies (57.89%) employed intention-to-treat analyses (i.e., analyzing data from all randomized participants) although 42.11% analyzed completers only. Within the 66 studies that included intention-to-treat analyses, most handled missing data using maximum likelihood (66.67%), with 18.18% using multiple imputation, 13.63% carrying the last observation forward, and 1.52% using single imputation.
Only a minority of studies (31.58%) clearly defined and reported MBI and control treatment completion. Among those that reported a definition of completion, the most common definition was completing 50% or more of the treatment sessions (k = 19 studies used this definition). Other definitions included completing 55% or more of sessions (k = 3), 75% or more of sessions (k = 8) or completion of all sessions (k = 1). Approximately half (58.71%) of studies reported the number of treatment refusers (i.e., dropouts prior to attending the first treatment session). On average, 10.46% (SD = 12.44) MBI participants and 10.61% (SD = 12.94) control participants did not attend the first session of their respective conditions. 
Results of individual studies
	Study-level overall and differential attrition rates are reported in Supplemental Materials Table 2 and Supplemental Materials Figure 2.
Synthesis of results
Attrition rate. The weighted average attrition for MBIs was 19.1%, 95% CI [.16, .22] in MBIs and 18.6% [.16, .21] in controls (Table 1). Both models showed very high heterogeneity (I2 = 94.69% and 91.76%, respectively). Differential attrition did not differ from zero (log OR = 0.05, [-0.08, 0.18], OR = 1.05, [0.92, 1.19]) indicating that attrition rates were similar across MBIs and controls. Heterogeneity was low to moderate in this model (I2= 28.01%). However, differential attrition did differ from zero when using Peto’s method (log OR = 0.099, [0.0006, 0.20], OR = 1.10, [1.0006, 1.22], p = .049) and Mantel-Haenszel’s method (log OR = 0.097, [0.0002, 0.19], OR = 1.10, [1.0002, 1.21], p = .050).
Risk of bias across studies
Trim-and-fill analyses did not detect funnel plot asymmetry for the overall attrition models. A trim-and-fill analysis did detect funnel plot asymmetry for the differential attrition model (Figure 1) as did the Harbord test (z = -3.72, p < .001). After imputing 22 studies to the right of the observed overall effect (i.e., missing studies showing higher attrition in MBIs vs. controls), a significant log OR was detected (log OR = 0.23, [0.08, 0.37]). This effect is equivalent to an odds ratio of 1.25, indicating that participants randomized to the MBI conditions were 25% more likely to drop out than controls. 
Despite evidence for funnel plot asymmetry in these regression-based tests (Viechtbauer, 2010), a contour-enhanced funnel plot (Peters et al., 2008) for differential attrition did not indicate an absence of missing studies in areas of statistical non-significance (Figure 1). This decreases confidence in the notion that asymmetry is due to publication bias. Contour-enhanced funnel plots for overall attrition similarly did not show an absence of missing studies in areas of statistical non-significance (Supplemental Materials Figure 3).
Additional Analyses
Results of the exploratory moderator tests are presented in Table 2. Although 18 characteristics across four categories of study features (program factors, clinician factors, participant factors, and study design) were tested as moderators of both overall and differential attrition, very few significant moderator effects were detected. 
Among participant factors, higher age was associated with greater likelihood of overall attrition in controls (B = -0.002, p = .005). The remaining participant characteristics (racial/ethnic minority status, gender, marital status, education, medical population, psychiatric population, non-clinical population, veteran status, country of origin) were not associated with overall or differential attrition. None of the program factors (number of sessions, MBI type, control type, treatment format, treatment adaptation) were associated with overall or differential attrition, with the exception of MBRP which was associated with higher overall attrition for control participants (B = 0.13, p = .019). Among clinician factors, having trained facilitators for the control condition was associated with lower differential attrition (B = -0.34, p = .026). Among study design factors, recruitment through a clinical setting was associated with higher overall attrition in MBIs (B = 0.07, p = .022) and recruitment through a non-clinical setting was associated with lower overall attrition in MBIs and controls (Bs = -0.10 and -0.070, ps = .002 and .018, respectively). Publication year was not significant predictor in any model. 
Lastly, we conducted a sensitivity analysis with outliers removed. Although a large number of outliers were detected for both overall attrition models (ks = 49 and 33, for MBIs and control, respectively), the estimates of overall attrition were largely unchanged with their omission (18% and 18%, for MBIs and control, respectively). However, when seven outliers were removed from the differential attrition model, the previously non-significant effect size became significant (log OR = 0.11, [0.00, 0.22], p = .047). This effect size is equivalent to an odds ratio of 1.11, indicating that after removing outliers, participants randomized to MBIs were 11% more likely to drop out than control participants.
Discussion
Despite growing interest and promising results in the application of MBIs in clinical and non-clinical populations, no comprehensive meta-analysis has quantified overall or differential attrition in RCTs of MBIs relative to structure and intensity matched control conditions. Robust estimates of attrition rates and a thorough understanding of factors likely to influence attrition for these interventions can guide clinical trialists’ study planning and treatment developers’ and clinicians’ efforts to increase the acceptability of MBIs. We meta-analyzed a sample of 114 RCTs (n = 11,288) comparing MBIs with matched control conditions. In comparison with the two recent meta-analysis that evaluated the differential attrition of MBIs in small subsets of the literature (i.e., veterans and people of color; Goldberg et al., 2020; Sun et al., 2021) and provided mixed results regarding the possibility of higher attrition in MBIs versus controls, the current study was designed to provide a comprehensive depiction of attrition and its correlates. Studies were conducted around the world and included a wide range of clinical and non-clinical populations. 
Very similar to estimates of attrition derived from psychotherapy and pharmacotherapy generally (i.e., 19.7% to 21.9%; Swift & Greenberg, 2012; Swift et al., 2017), approximately one in five participants randomized to an MBI or control condition did not complete post-treatment assessments (19.1% and 18.6%, respectively). We found no evidence of differential attrition in our primary analysis (log OR = 0.05). However, evidence for differential attrition was detected in several sensitivity analyses, including a trim-and-fill adjusted analysis, models using estimation methods designed for rare events data (Peto’s and Mantel-Haenszel’s methods), and when outliers were removed. In all cases, we found evidence of higher attrition in MBIs relative to controls. Odds ratios for these sensitivity analyses ranged from 1.10 to 1.25. Although these effect sizes are small (i.e., OR < 1.68; Chen et al., 2010), consistent with Goldberg et al.’s (2020) meta-analysis with veterans, they nonetheless raise the important possibility that MBIs may be less acceptable than control conditions.
As the sensitivity analyses led to different conclusions regarding the acceptability of MBIs vis-à-vis controls, it is important to consider these analyses further, especially the sources of bias they are designed to address. In theory, the trim-and-fill analysis adjusts for publication bias, in this specific case an under-representation of studies showing higher attrition in MBIs. It is certainly possible that studies showing higher attrition in MBIs vs. control conditions are less likely to be published, perhaps if these same studies also show weaker effects for MBIs vs. controls on primary outcomes. In addition, authors of studies where attrition was higher in MBIs vs. controls may be less likely to report attrition data (i.e., the study may have been published but without a clear reporting of study attrition). At once, these possibilities may be less plausible than the typical scenario in which null or negative findings related to a primary outcome (e.g., change in symptoms for MBIs vs. control) result in a study being unpublished and the results of the control-enhanced funnel plot also did not suggest a publication bias mechanism.
Interestingly, the same pattern—MBIs showing higher attrition than controls—emerges when using estimation methods designed to handle rare events (Peto’s and Mantel-Haenszel’s methods) and when excluding studies whose confidence intervals did not overlap the omnibus effect size confidence interval. Unlike the trim-and-fill analysis, these sensitivity analyses were intended to rule out undue influence of rare events and outlying studies. The fact that these analyses mirrored conclusions from the trim-and-fill analysis supports the possibility that MBIs may be modestly less acceptable than matched control conditions. Taken together, it may be prudent for MBI developers and clinicians delivering MBIs to more thoroughly investigate and address the possibility that MBIs are less acceptable than controls. In particular, it would be worth exploring factors that influence the acceptability of MBIs and, when possible, modifying aspects of the treatment that may increase attrition. 
Unfortunately, although we tested many exploratory moderators of both overall and differential attrition, we found very few clues for what study characteristics may account for higher attrition. The only moderator that emerged across multiple models was recruitment setting. Specifically, studies recruiting through non-clinical settings were associated with lower overall attrition in both MBIs and control conditions. One possible explanation for this could be that non-clinical populations face fewer barriers to engaging in an MBI or control condition than a clinical population (e.g., whose lives may be complicated due to their clinical condition). Participants recruited from clinical settings (e.g., hospitals, doctor referral, clinics) may also have lower intrinsic motivation (e.g., enrolled due to external pressure from referrals; Alfonssonet al., 2016; Ryan et al., 2006) for participation than non-clinical settings. The only variable associated with differential attrition was training for the control condition facilitators. Specifically, differential attrition was lower when control condition facilitators were trained (e.g., had clinical training or credentials). Younger age and percentage married were also associated with lower overall attrition in control conditions, which are two of the few factors previously shown to predict attrition in psychotherapy generally (Swift & Greenberg, 2012) that was replicated in our meta-analysis. We also did not replicate the findings that veterans have higher rates of attrition in MBIs than control interventions (Goldberg et al., 2020). This may be due to the low number of veterans in the current sample. The other reason could be the over-representation of present-centered therapy for PTSD in the previous meta-analysis which is known to have lower dropout rates than other evidence-based treatments for PTSD (Frost et al., 2014).
[bookmark: _Hlk83936978]Of course, given the number of moderator tests that were conducted, the few statistically significant results that were detected should be treated extremely cautiously. A large number of tests were conducted as it seemed important to explore many candidate characteristics, but the risk for Type I error is certainly inflated with these underpowered multiple subgroup analyses. Nonetheless, we believed that the current exploratory moderator analyses were worthwhile to report as an attempt to thoroughly investigate potentially relevant moderators identified by prior theoretical and empirical literature (Baer et al., 2019; Goldberg et al., 2020; Khoury et al., 2013). After exploring this wide variety of study level characteristics (program factors, clinician factors, participant factors, and study design), it is notable that so few moderators were significantly related to attrition. Additionally, it is worth noting that none of the significant effects survive a Bonferroni p-value correction which would result in a revised p-value threshold of .002 (i.e., .050 divided by the 32 coefficients reported for each outcome type; Dunn, 1961). This further highlights the highly tentative nature of the few significant moderators and further supports the notion that we currently no very little about what factors are associated with elevated attrition from MBIs.
The high heterogeneity in the overall attrition models (I2 > 91%) and the smaller but nonetheless statistically significant heterogeneity in the differential attrition models (I2 = 28.01%, Q[113] = 158.98, p = .003) suggests that meaningful variability exists, albeit variability we were unable to predict with the available moderators. There are likely important factors that do indeed predict overall and differential attrition but that could not be coded reliably. Theoretically relevant factors that we could not assess from the available literature include participant compensation, quality of the MBI and control conditions, socioeconomic status (beyond what was captured with education), and other implementation-related variables (e.g., adaptation of intervention for certain settings).
Beyond estimates of overall and differential attrition, one descriptive result worth highlighting is the treatment of missing data. Somewhat discouraging, we saw that over 40% of studies did not conduct ITT analyses but relied on analysis of complete cases only. This practice is problematic and can lead to biases in parameter estimates and reduced statistical power (Graham, 2009). More encouraging, the majority of studies that did conduct intention-to-treat analyses used modern methods for handling missingness that are robust to data that are missing at random (i.e., maximum likelihood, multiple imputation; Graham, 2009). We hope our documentation of substantial study attrition within RCTs of MBIs (i.e., well above the 5% benchmark for ignorability; Graham, 2009) sensitizes researchers to the importance of handling missing data using appropriate statistical techniques.
There are several notable limitations. As is always the case for meta-analysis, we were limited by the available literature. Authors of the included studies often did not report rates of treatment completion and those that did report treatment completion defined it in inconsistent ways (e.g., 50% to 100% of sessions attended). Our analyses instead focused on study attrition (as has been done previously; Cooper & Conklin, 2015; Khoury et al., 2013; Nam et al., 2016;) which, in the context of an RCT, can still provide estimates of relative treatment acceptability. Nonetheless, it would have been valuable to examine rates of treatment dropout using a standardized metric. In addition, authors did not consistently report comparisons between those who dropped out versus remained in the treatment or study, which precluded our ability to compare these groups meta-analytically (as was done by Swift et al., 2012). Similarly, the lack of standardized reporting of potential moderators of interest (e.g., socioeconomic status) limited our ability to test them as predictors of attrition. 
Although we included a large number of studies and participants, the moderator tests in particular may have been underpowered to detect small or very small effects (Hedges & Pigott, 2004). To get a rough estimate of statistical power to test moderators, we assessed power post hoc using the observed sample sizes, number of studies, and heterogeneity (I2) and the ‘subgroup_power’ function in the ‘metapower’ package (Griffin, 2020). Assuming a two-group comparison (e.g., MBSR vs. other MBIs), we were adequately powered (power = .80) to detect moderate-to-large between-group differences for overall attrition in MBIs (d = 0.66, when group 1 d = 0.20 and group 2 d = 0.86), moderate between-group differences for overall attrition in active control conditions (d = 0.52, when group 1 d = 0.20 and group 2 d = 0.72), and small-to-very-small between-group differences for differential attrition (d = 0.12, when group 1 d = 0.20 and group 2 d = 0.32). Thus, it seems moderator tests were particularly low powered for overall attrition but may have been adequately powered for differential attrition.
A final limitation was that we focused exclusively on RCTs. This provides internal validity for our tests of differential attrition in particular. However, this comes at a cost to external validity. Results may or may not generalize to the implementation of MBIs in naturalistic settings. In the current study, we are unable to disentangle the potential impact of involvement in an RCT versus involvement with an MBI or control condition on attrition.
There are several specific future directions that follow from our results. As noted, it would be valuable for the field to agree on a standardized definition of treatment completion and to report treatment completion routinely. The most common metric used in the included studies (i.e., completion of 50% of treatment sessions) may be a reasonable candidate. At once, future work may be necessary to evaluate the implications of various definitions of treatment completion (Warnick et al., 2012). Given that approximately 20% of participants drop out of MBI RCTs, it would be valuable to identify and ultimately modify malleable factors to increase the acceptability of MBIs, control conditions, and/or the RCTs in which they are being tested. This might include cultural adaptation which has been shown to improve psychotherapy outcomes generally (Benish et al., 2011) but is lacking from the MBI literature (Sun et al., 2021). Other potentially modifiable factors worthy of further study that might make MBIs less acceptable than controls are adverse effects associated with meditation practice itself (Britton et al., 2021; Goldberg et al., 2021b), difficulty understanding and engaging with mindfulness practices (Martinez et al., 2015; Pigeon et al., 2015), and a lack of trauma sensitivity (Treleaven, 2018). Perhaps the most promising future direction for identifying predictors of attrition is individual patient data meta-analysis (e.g., Kuyken et al., 2016). By pooling data across studies, researchers can maintain high statistical power while examining patient-level (rather than study-level) variables.
In conclusion, our results indicate that, similar to other forms of psychotherapy, approximately one in five participants in MBI RCTs drop out. This figure, paired with some evidence that MBIs may be less acceptable than control conditions, highlights the importance of investigating factors to increase the acceptability of MBIs and to identify instances were MBIs may or may not be recommended.
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[bookmark: _Hlk75166972]Table 1 Meta-analytic estimates of overall and differential attrition
	Model
	k
	ES 95% CI
	I2 95% CI
	kimp
	ESadj 95% CI
	ESoutlier 95% CI

	MBIs
	114
	0.19 [0.16, 0.22] 
	94.69 [93.00, 96.08]
	0
	0.19 [0.16, 0.22] 
	0.18 [0.17, 0.20]

	Control
	114
	0.19 [0.16, 0.21]
	91.76 [89.07, 94.05]
	0
	0.19 [0.16, 0.21] 
	0.18 [0.16, 0.20]

	Differential
	114
	0.05 [-0.08, 0.18]
	28.01 [8.12, 51.16]
	22
	0.23 [0.08, 0.37] 
	0.11 [0.00, 0.22] 


Note: k = number of studies; MBI = overall attrition in mindfulness-based interventions; Control = overall attrition in active controls; Differential = differential attrition in MBIs relative to controls; ES = effect size in percentage units for MBI and Control models and log odds ratio for Differential model; CI = confidence interval; I2 = heterogeneity; kimp = number of imputed studies necessary for funnel plot symmetry; ESadj = trim-and-fill adjusted effect size; koutlier = number of outliers; ESoutlier = effect size after removing outliers
Table 2 Results of moderator tests (k = 114)
	Predictor
	MBIb 
	MBIp
	Controlb
	Controlp
	Differentialb
	Differentialp

	Participant factors
	 
	 
	 
	 
	 
	 

	Age
	0.00 [0.00, 0.00]
	.102
	-0.00 [-0.00, -0.00]
	.005**
	0.00 [-0.01, 0.01]
	.728

	Percentage REM
	0.00 [0.00, 0.00]
	.684
	0.00 [0.00, 0.00]
	.240
	-0.00 [-0.01, 0.01]
	.561

	Percentage female
	0.00 [0.00, 0.00]
	.922
	0.00 [-0.00, 0.00]
	.866
	0.00 [-0.00, 0.01]
	.446

	Percentage married
	0.00 [0.00, 0.00]
	.054
	-0.00 [-0.00, 0.00]
	.014*
	0.00 [-0.01, 0.01]
	.489

	Some college
	0.02 [-0.04, 0.09]
	.437
	0.04 [-0.01, 0.09]
	.130
	-0.24 [-0.50, 0.01]
	.063

	Population
	
	
	
	
	
	

	    Psychiatric
	0.02 [-0.04, 0.09]
	.437
	0.04 [-0.01, 0.09]
	.130
	-0.24 [-0.50, 0.01]
	.063

	    Medical
	-0.01 [-0.06, 0.05]
	.867
	-0.03 [-0.08, 0.02]
	.291
	0.19 [-0.07, 0.45]
	.153

	    Veterans
	0.04 [-0.08, 0.16]
	.516
	0.02 [-0.08, 0.12]
	.709
	-0.04 [-0.58, 0.51]
	.893

	    Non-clinical
	-0.02 [-0.09, 0.04]
	.523
	-0.01 [-0.07, 0.04]
	.657
	0.05 [-0.26, 0.36]
	.746

	Country
	
	
	
	
	
	

	    Asia
	-0.01 [-0.11, 0.10]
	.908
	-0.01 [-0.10, 0.08]
	.763
	0.14 [-0.27, 0.56]
	.491

	    Europe
	-0.01 [-0.09, 0.07]
	.773
	-0.02 [-0.09, 0.05]
	.577
	0.04 [-0.32, 0.41]
	.820

	    North America
	0.04 [-0.02, 0.10]
	.150
	0.05 [-0.00, 0.10]
	.056
	-0.10 [-0.38, 0.17]
	.462

	    South America
	0.08 [-0.15, 0.30]
	.499
	-0.03 [-0.22, 0.17]
	.781
	0.64 [-0.34, 1.61]
	.201

	    Iran
	-0.09 [-0.23, 0.05]
	.208
	-0.10 [-0.22, 0.02]
	.099
	0.34 [-0.58, 1.27]
	.466

	    Others
	-0.15 [-0.30, 0.00]
	.051
	-0.08 [-0.22, 0.05]
	.211
	-0.91 [-1.91, 0.09]
	.075

	Program factors
	
	
	
	
	
	

	Treatment duration
	
	
	
	
	
	

	    # MBIs sessions 
	0.00 [-0.010, 0.02]
	.601
	0.00 [-0.01, 0.01]
	.993
	0.02 [-0.04, 0.08]
	.570

	    # Control sessions
	0.00 [-0.010, 0.02]
	.601
	0.00 [-0.01, 0.01]
	.993
	0.02 [-0.04, 0.08]
	.570

	MBI type 
	
	
	
	
	
	

	    MBSR
	-0.04 [-0.10, 0.02]
	.214
	-0.03 [-0.09, 0.02]
	.200
	-0.02 [-0.28, 0.24]
	.875

	    MBCT
	-0.01 [-0.07, 0.06]
	.829
	-0.01 [-0.07, 0.05]
	.726
	0.04 [-0.25, 0.33]
	.777

	    MORE
	0.09 [-0.05, 0.23]
	.208
	0.06 [-0.06, 0.19]
	.349
	0.26 [-0.31, 0.82]
	.376

	    MBCR
	0.16 [-0.14, 0.45]
	.305
	0.11 [-0.14, 0.37]
	.388
	0.17 [-0.73, 1.08]
	.707

	    MBRP
	0.11 [-0.02, 0.23]
	.109
	0.13 [0.02, 0.25]
	.019*
	-0.26 [-0.72, 0.20]
	.261

	Specific active control 
	0.06 [-0.05, 0.16]
	.290
	0.03 [-0.07, 0.12]
	.591
	-0.01 [-0.52, 0.50]
	.969

	Treatment adaptation
	
	
	
	
	
	

	    For MBIs 
	-0.01 [-0.07, 0.06]
	.844
	-0.02 [-0.08, 0.03]
	.404
	0.04 [-0.24, 0.32]
	.789

	    For controls
	0.06 [-0.00, 0.13]
	.059
	0.03 [-0.09, 0.09]
	.302
	0.23 [-0.10, 0.57]
	.175

	Individual treatment format 
	0.00 [-0.11, 0.17]
	.949
	0.00 [-0.10, 0.10]
	.960
	0.22 [-0.32, 0.76]
	.416

	Clinician factors
	
	
	
	
	
	

	Clinician training
	
	
	
	
	
	

	    MBI training
	-0.03 [-0.11, 0.05]
	.474
	-0.00 [-0.07, 0.07]
	.904
	-0.23 [-0.56, 0.10]
	.175

	    Control training
	-0.05 [-0.12, 0.02]
	.155
	-0.01 [-0.07, 0.06]
	.838
	-0.34 [-0.63, -0.04]
	.026*

	Study design factors
	
	
	
	
	
	

	Recruitment settings 
	
	
	
	
	
	

	    Clinical
	0.07 [0.01, 0.13]
	.022*
	0.04 [-0.01, 0.09]
	.127
	0.08 [-0.18, 0.35]
	.547

	    Non-clinical
	-0.10 [-0.17, -0.04]
	.002**
	-0.07 [-0.13, -0.01]
	.018*
	-0.15 [-0.51, 0.22]
	.428

	    Both
	0.00 [-0.06, 0.07]
	.920
	-0.01 [-0.06, 0.05]
	.765
	0.06 [-0.22, 0.34]
	.692

	Publication year 
	-0.01 [-0.01, 0.00]
	.264
	-0.01 [-0.02, 0.00]
	.057
	0.03 [-0.02, 0.07]
	.234


Note. MBIb = meta-regression coefficient for overall attrition in mindfulness-based interventions (MBIs); MBIp = p-value of moderator test for MBIs; Controlb = meta-regression coefficient for overall attrition in active controls; Controlp = p-value of moderator test for controls; Differentialh = meta-regression coefficient for differential attrition; Differentialp = p-value of moderator test for differential attrition; Percentage REM  = percentage of sample identified as racial/ethnic minorities; Some college = percentage with some college or more education; Country = geographic location where recruitment occurred; # = number; MBSR = mindfulness-based stress reduction; MBCT = mindfulness-based cognitive therapy; MORE = mindfulness-oriented recovery enhancement; MBCR = mindfulness-based cancer recovery; MBRP = mindfulness-based relapse prevention; Specific active control type = whether active control was intended to be therapeutic; Treatment adaptation = whether the treatment was adapted for specific population (i.e., included content targeted to that population); Recruitment settings = whether recruitment occurred in clinical (e.g., hospital), non-clinical (e.g., community), or both.
*p < .050, **p < .010, ***p < .001


	



Figure 1 PRISMA flow diagram

1408  EBSCO (CINAHL, MEDLINE, PsycINFO)
1129  Web of Science
1097  Scopus
1018  Cochrane (trials)
16


602 full text reviews
1993 title-abstract reviews screened

2659 duplicates removed


Excluded at title-abstract review level
926  not active control comparison
399  not randomized control trials
43    not mindfulness-based intervention
30    duplicates
18    no non-MBI control comparison

Excluded at full text review level 
222  no new data
129  not active control comparison
87    not randomized control trials
16    no non-MBI control comparison
13    not mindfulness-based intervention
14    duplicates
7      no translation











25 Additional articles identified by handsearching





























114 studies included



	Figure 2 Funnel plot depicting results of trim-and-fill adjustment for the differential attrition model 
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Note. Left panel shows trim-and-fill adjusted funnel plot with points imputed on the right side of the plot to account for asymmetry. Right panel shows contour-enhanced trim-and-fill adjusted funnel plot. Note that the location of imputed studies does not appear to be associated with regions of statistical non-significance, suggesting that asymmetry is not due to publication bias. 
Supplemental Materials Table 1 Databases and search terms
	Database
	Search terms
	Search/filter settings

	MEDLINE/PubMed
	(“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*)

	"All Fields" + no filters

	CINAHL
	(“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*)

	"Select a field (optional)" + no filters

	PsycINFO
	(“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*)

	"Select a field (optional)" + no filters

	Scopus
	(“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*)

	Document search + "Article title, Abstract, Keywords" + no filters

	Web of Science
	(“mindfulness-based stress reduction” OR MBSR OR “mindfulness-based cognitive therapy” OR “MBCT” OR “mindfulness-based relapse prevention” OR “MBRP” OR “mindfulness-oriented recovery enhancement” OR “mindfulness-based cancer recovery” OR “MBCR”) AND (random*)
	All databases + Topic ("Searches title, abstract, author keywords, and more.") + no filters




	Supplemental Materials Table 2 Effect size for individual studies (k = 114)
	Author
	Year
	MBI attrition
	MBI variance
	Cont attrition
	Cont variance
	log OR
	log ORvar

	Adam
	2020
	0.01
	0.00
	0.00
	0.00
	-0.15
	4.06

	Alampay
	2020
	0.52
	0.00
	0.42
	0.00
	0.41
	0.05

	Andersen
	2020
	0.12
	0.00
	0.12
	0.00
	-0.01
	0.35

	Arch
	2013
	0.30
	0.00
	0.54
	0.00
	-0.99
	0.14

	Barrett
	2012
	0.01
	0.00
	0.08
	0.00
	-2.28
	2.26

	Barrett
	2018
	0.07
	0.00
	0.06
	0.00
	0.23
	0.24

	Black
	2019
	0.21
	0.00
	0.15
	0.00
	0.39
	0.12

	Bostanov
	2018
	0.08
	0.00
	0.23
	0.01
	-1.19
	0.46

	Bowen
	2009
	0.17
	0.00
	0.25
	0.00
	-0.49
	0.15

	Bowen
	2014
	0.12
	0.00
	0.18
	0.00
	-0.52
	0.17

	Bremner
	2017
	0.47
	0.01
	0.11
	0.01
	1.96
	1.36

	Brewer
	2009
	0.57
	0.01
	0.67
	0.01
	-0.41
	0.49

	Brewer
	2011
	0.34
	0.01
	0.30
	0.00
	0.20
	0.21

	Brown
	2016
	0.20
	0.01
	0.00
	0.00
	1.97
	2.34

	Bruggeman-Everts
	2017
	0.27
	0.00
	0.15
	0.00
	0.79
	0.22

	Capobianco
	2018
	0.35
	0.01
	0.22
	0.01
	0.63
	0.54

	Carlson
	2013
	0.35
	0.00
	0.30
	0.00
	0.22
	0.09

	Cherkin
	2016
	0.19
	0.00
	0.13
	0.00
	0.42
	0.13

	Chiesa
	2015
	0.19
	0.01
	0.29
	0.01
	-0.55
	0.45

	Corsica
	2014
	0.32
	0.01
	0.35
	0.01
	-0.15
	0.46

	Daubenmier
	2016
	0.26
	0.00
	0.21
	0.00
	0.26
	0.12

	Davis
	2019
	0.39
	0.00
	0.28
	0.00
	0.51
	0.09

	Day
	2019
	0.13
	0.00
	0.17
	0.01
	-0.34
	0.69

	Dowd
	2015
	0.55
	0.00
	0.40
	0.00
	0.59
	0.13

	Dykens
	2014
	0.56
	0.00
	0.32
	0.00
	1.02
	0.07

	Eisendrath
	2016
	0.23
	0.00
	0.26
	0.00
	-0.14
	0.13

	Ellingson
	2018
	0.22
	0.00
	0.25
	0.00
	-0.14
	0.12

	Ellis
	2019
	0.25
	0.01
	0.31
	0.01
	-0.31
	0.62

	Errazuriz
	2020
	0.37
	0.01
	0.21
	0.00
	0.82
	0.30

	Farb
	2018
	0.04
	0.00
	0.08
	0.00
	-0.87
	0.50

	Felsted
	2019
	0.15
	0.01
	0.33
	0.02
	-1.01
	0.97

	Fiocco
	2019
	0.02
	0.00
	0.05
	0.00
	-1.11
	1.54

	Garland
	2010
	0.33
	0.01
	0.27
	0.01
	0.31
	0.36

	Garland
	2014
	0.50
	0.00
	0.15
	0.00
	1.74
	0.23

	Garland
	2014
	0.46
	0.00
	0.34
	0.00
	0.47
	0.15

	Garland
	2016
	0.30
	0.00
	0.25
	0.00
	0.24
	0.16

	Garland
	2019
	0.30
	0.00
	0.24
	0.00
	0.28
	0.22

	George
	2017
	0.13
	0.01
	0.19
	0.01
	-0.48
	0.98

	Goldin
	2016
	0.08
	0.00
	0.08
	0.00
	0.00
	0.73

	Grensman
	2018
	0.13
	0.00
	0.10
	0.00
	0.32
	0.66

	Gross
	2010
	0.15
	0.00
	0.18
	0.00
	-0.21
	0.21

	Gross
	2017
	0.23
	0.01
	0.16
	0.00
	0.45
	0.42

	Hoge
	2013
	0.06
	0.00
	0.24
	0.00
	-1.58
	0.48

	Hughes
	2013
	0.25
	0.01
	0.39
	0.01
	-0.66
	0.34

	ISRCTN41503149
	2014
	0.05
	0.00
	0.35
	0.01
	-2.33
	1.27

	Janusek
	2019
	0.27
	0.00
	0.30
	0.00
	-0.15
	0.10

	Jasbi
	2018
	0.02
	0.00
	0.00
	0.00
	0.00
	4.08

	Jastreboff
	2018
	0.05
	0.00
	0.32
	0.01
	-2.18
	1.26

	Jedel
	2014
	0.07
	0.00
	0.14
	0.00
	-0.73
	0.83

	Johns
	2016
	0.03
	0.00
	0.03
	0.00
	0.03
	2.06

	Keng
	2020
	0.15
	0.00
	0.11
	0.00
	0.33
	0.22

	King
	2016
	0.20
	0.01
	0.43
	0.02
	-1.10
	0.55

	Kor
	2019
	0.11
	0.01
	0.17
	0.01
	-0.47
	0.96

	Koszycki
	2007
	0.15
	0.01
	0.33
	0.01
	-1.01
	0.46

	Kuelz
	2019
	0.10
	0.00
	0.11
	0.00
	-0.12
	0.35

	Lebares
	2018
	0.04
	0.00
	0.00
	0.00
	-0.27
	4.19

	Levin
	2020
	0.38
	0.00
	0.30
	0.00
	0.33
	0.17

	Li
	2017
	0.03
	0.00
	0.07
	0.00
	-1.17
	2.80

	Ma
	2019
	0.02
	0.00
	0.10
	0.00
	-1.75
	2.50

	MacCoon
	2012
	0.03
	0.00
	0.16
	0.00
	-1.71
	1.27

	Mallya
	2016
	0.09
	0.00
	0.30
	0.01
	-1.49
	0.34

	Manigault
	2019
	0.42
	0.00
	0.31
	0.00
	0.46
	0.16

	Marchant
	2021
	0.04
	0.00
	0.09
	0.00
	-0.89
	0.51

	Marciniak
	2020
	0.22
	0.01
	0.10
	0.01
	0.94
	1.43

	McKenna
	2017
	0.08
	0.00
	0.11
	0.00
	-0.41
	0.64

	Metin
	2019
	0.03
	0.00
	0.06
	0.00
	-0.76
	1.57

	Michalak
	2015
	0.22
	0.00
	0.29
	0.01
	-0.34
	0.30

	Mohamadi
	2019
	0.03
	0.00
	0.06
	0.00
	-1.26
	2.77

	Momeni
	2018
	0.17
	0.01
	0.17
	0.01
	0.00
	0.80

	Morone
	2009
	0.20
	0.01
	0.05
	0.00
	1.56
	1.37

	Morone
	2016
	0.06
	0.00
	0.03
	0.00
	0.74
	0.39

	Namjoo
	2019
	0.35
	0.01
	0.19
	0.00
	0.82
	0.26

	NCT00653146
	2008
	0.38
	0.01
	0.45
	0.01
	-0.29
	0.23

	NCT02133170
	2014
	0.18
	0.00
	0.12
	0.00
	0.46
	0.46

	NCT02275559
	2014
	0.11
	0.00
	0.10
	0.00
	0.09
	0.18

	NCT02600637
	2015
	0.19
	0.01
	0.25
	0.01
	-0.37
	0.74

	NCT02624193
	2015
	0.19
	0.00
	0.25
	0.01
	-0.37
	0.35

	NCT03035669
	2016
	0.12
	0.00
	0.24
	0.01
	-0.84
	0.45

	NCT03132220
	2017
	0.26
	0.00
	0.18
	0.00
	0.47
	0.18

	Niles
	2012
	0.24
	0.01
	0.13
	0.01
	0.77
	0.90

	Norouzi
	2020
	0.03
	0.00
	0.00
	0.00
	0.00
	4.10

	O'Donnell
	2018
	0.27
	0.01
	0.07
	0.00
	1.55
	1.42

	Oken
	2010
	0.25
	0.02
	0.00
	0.00
	1.91
	2.60

	Pagni
	2020
	0.29
	0.01
	0.38
	0.01
	-0.43
	0.44

	Palta
	2012
	0.04
	0.00
	0.00
	0.00
	-0.39
	4.20

	Pbert
	2012
	0.12
	0.00
	0.10
	0.00
	0.22
	0.50

	Pérez-Aranda
	2019
	0.23
	0.00
	0.20
	0.00
	0.16
	0.16

	Philippot
	2012
	0.13
	0.01
	0.20
	0.01
	-0.49
	0.99

	Polusny
	2015
	0.10
	0.00
	0.02
	0.00
	1.88
	1.20

	Raja-Khan
	2017
	0.17
	0.00
	0.41
	0.01
	-1.24
	0.27

	Schmidt
	2011
	0.24
	0.00
	0.14
	0.00
	0.68
	0.24

	Schuver
	2016
	0.10
	0.00
	0.20
	0.01
	-0.81
	0.87

	Seminowicz
	2020
	0.04
	0.00
	0.04
	0.00
	-0.04
	1.04

	Senders
	2019
	0.06
	0.00
	0.18
	0.00
	-1.20
	0.73

	Shallcross
	2015
	0.63
	0.01
	0.48
	0.01
	0.62
	0.18

	Sibinga
	2013
	0.02
	0.00
	0.00
	0.00
	-0.14
	4.10

	Sibinga
	2014
	0.71
	0.00
	0.75
	0.00
	-0.18
	0.16

	Sibinga
	2016
	0.00
	0.00
	0.00
	0.00
	-0.12
	4.01

	Strauss
	2018
	0.21
	0.01
	0.06
	0.00
	1.51
	1.38

	Tovote
	2014
	0.06
	0.00
	0.13
	0.00
	-0.73
	0.82

	van der Donk
	2019
	0.56
	0.03
	0.13
	0.01
	2.17
	1.59

	van Vreeswijk
	2020
	0.36
	0.01
	0.33
	0.01
	0.11
	0.31

	Wang
	2020
	0.34
	0.00
	0.23
	0.00
	0.54
	0.10

	Webb
	2018
	0.46
	0.01
	0.42
	0.01
	0.15
	0.18

	Wetherell
	2017
	0.16
	0.00
	0.00
	0.00
	3.04
	2.18

	Whitebird
	2013
	0.03
	0.00
	0.13
	0.00
	-1.67
	1.26

	Williams
	2014
	0.08
	0.00
	0.06
	0.00
	0.29
	0.27

	Witkiewitz
	2014
	0.44
	0.00
	0.40
	0.00
	0.15
	0.16

	Wong
	2011
	0.14
	0.00
	0.06
	0.00
	0.89
	0.52

	Wong
	2016
	0.10
	0.00
	0.11
	0.00
	-0.17
	0.35

	Wong
	2017
	0.16
	0.00
	0.22
	0.00
	-0.37
	0.12

	Wong
	2018
	0.13
	0.00
	0.12
	0.00
	0.10
	0.18

	Woods-Giscombe
	2019
	0.11
	0.00
	0.10
	0.00
	0.06
	0.65

	Wright
	2019
	0.01
	0.00
	0.09
	0.00
	-2.31
	2.27


Note. Author = first author’s last name; Year = publication year; MBI attrition = overall attrition in mindfulness-based interventions (MBIs); MBI variance = variance in overall attrition in MBIs; Cont attrition = overall attrition in active control conditions; Cont variance = variance in overall attrition in controls; log OR = log odds ratio; log OR variance = variance in log odds ratio.
	
	
	
	
	
	




Supplemental Materials Figure 1 Forest plot depicting differential attrition for mindfulness-based intervention conditions relative to active control conditions
[image: ]
ATTRITION IN MINDFULNESS INTERVENTION	     2
ATTRITION IN MINDFULNESS INTERVENTION	2
Note. Effect sizes (k = 114) are displayed in log odds ratio units, with larger effect sizes indicating higher attrition in the MBIs. Data depicted here can also be found in Supplemental Materials Table 2.
	Supplemental Materials Figure 2 Contour-enhanced funnel plots for overall attrition models 
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Note. Contour-enhanced funnel plots for overall attrition in MBIs (left panel) and active control conditions (right panel). Trim-and-fill adjustment produced no additional studies. It also does not appear that asymmetry is related to areas of statistical non-significance. This supports the notion that results are not influenced by publication bias.
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