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Systematic review and individual participant 
data meta-analysis of randomized controlled 
trials assessing mindfulness-based programs 
for mental health promotion

 

Mindfulness-based programs (MBPs) are widely used to prevent mental ill 
health. Evidence suggests beneficial average effects but wide variability. We 
aimed to confirm the effect of MBPs and to understand whether and how 
baseline distress, gender, age, education, and dispositional mindfulness 
modify the effect of MBPs on distress among adults in non-clinical settings. 
We conducted a systematic review and individual participant data (IPD) 
meta-analysis (PROSPERO CRD42020200117). Databases were searched in 
December 2020 for randomized controlled trials satisfying a quality threshold 
and comparing in-person, expert-defined MBPs with passive-control groups. 
Two researchers independently selected, extracted and appraised trials using 
the revised Cochrane Risk-of-Bias tool. IPD of eligible trials were sought from 
authors. The primary outcome was psychological distress (unpleasant mental 
or emotional experiences including anxiety and depression) at 1 to 6 months 
after program completion. Data were checked and imputed if missing. 
Pairwise, random-effects, two-stage IPD meta-analyses were conducted. Effect 
modification analyses followed a within-studies approach. Stakeholders 
were involved throughout this study. Fifteen trials were eligible; 13 trialists 
shared IPD (2,371 participants representing 8 countries. In comparison 
with passive-control groups, MBPs reduced average distress between 1 and 
6 months post-intervention with a small to moderate effect size (standardized 
mean difference, −0.32; 95% confidence interval, −0.41 to −0.24; P < 0.001; no 
heterogeneity). Results were robust to sensitivity analyses and similar for the 
other timepoint ranges. Confidence in the primary outcome result is high. 
We found no clear indication that this effect is modified by the pre-specified 
candidates. Group-based teacher-led MBPs generally reduce psychological 
distress among volunteering community adults. More research is needed to 
identify sources of variability in outcomes at an individual level.

Depression and other common mental health disorders are among the 
leading global causes of morbidity, generating a substantial societal 
burden1. In 2015, 4.4% of the global population was estimated to be 
suffering from depression and 3.6% was estimated to have anxiety 

disorders2. The prevalence of anxiety and depression had increased 
by 14.9% and 18.4%, respectively, from 2005 to 2015 (ref. 3), despite 
the increase in the provision of treatment for common mental health 
disorders4. The COVID-19 pandemic has introduced new challenges 
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Gender-specific effects may also be present in psychosocial inter-
ventions to promote health37. Some evidence from RCTs and AD meta-
analyses suggests that MBPs’ effects on men are smaller than those on 
women, and multiple explanations for this have been proposed26,38–40. 
However, other studies, including our MBCT IPD meta-analysis, have 
found no significant influence of gender30,34.

A comparison of meta-analyses of MBPs for children and students 
with those of MBPs for adults suggests that effects may be larger among 
younger people20,41–43. Although some studies support this sugges-
tion44, age was not a significant effect modifier in the clinical MBCT 
IPD meta-analysis nor in other studies34,45. Older people may be more 
engaged in training and therefore more likely to benefit.

The effects of some psychological interventions are known to be 
moderated by education levels37,46. There are concerns that those with 
lower education levels may not benefit equally from MBPs because of 
their language and cultural references47. A meta-analysis has recently 
shown that highly educated participants benefited more from a work-
place MBP than others38. However, education levels did not signifi-
cantly modify the effect of MBCT in the IPD meta-analysis with clinical 
populations34.

Another candidate effect modifier is dispositional mindfulness, 
a construct reflecting an individual’s focus and quality of attention48. 
Dispositional mindfulness, although very frequently measured, is 
an inconsistent concept, and it is unclear to what extent changes in 
dispositional mindfulness are specific to MBPs49–52. A higher level of 
dispositional mindfulness may be needed to engage with MBPs, but 
this may also limit the amount that is gained28. Some studies found 
that those with greater baseline dispositional mindfulness experienced 
greater mental health and well-being improvements after having par-
ticipated in MBPs27,45,53.

Rationale and aims of the study
So far, RCTs assessing MBPs in non-clinical settings have lacked the sam-
ple sizes needed to have adequate statistical power to assess individual 
differences in the effects of MBPs. Combining trials in meta-analyses 
has solved the sample size problem, but standard meta-regressions 
and subgroup meta-analyses are unable to avoid aggregation bias. This 
bias, sometimes referred to as ecological bias or fallacy, occurs when 
associations between average participant-level characteristics such as 
gender and the pooled intervention effect do not necessarily reflect 
the true associations between the participant-level characteristics 
and the intervention effect54. For example, a standard meta-regression 
may show that trials with a smaller mean age have a larger effect, but 
if these trials also happen to deliver longer MBPs, the larger effect is 
attributed to the delivery of longer MBPs rather than to having younger 
participants. Aggregation bias is avoided when interactions are exam-
ined at the participant level (that is, based on within-trial information).

As it allows for effect modification testing at the participant level, 
IPD meta-analysis is regarded as the ideal approach for estimating the 
modification effects of individual differences22,23,54–57. This approach is a 
specific type of systematic review that involves the collection, checking 
and re-analysis of the original data for each participant in each study58. 
This supports better-quality data and analysis, allowing for in-depth 
explorations and robust meta-analytic results, which may differ from 
those based on AD59.

In summary, IPD allow researchers to explore how intervention 
effects vary as a function of individual differences without aggrega-
tion bias, and the combination of data from multiple studies increases 
the power to detect such variations. IPD meta-analysis is also ideal for 
estimating intervention effects because the data can be checked and 
re-analyzed consistently across all the included samples, RCT data 
unused in previous analyses can be included, and missing data can be 
accounted for at the individual level60,61.

We therefore conducted the first, to our knowledge, systematic 
review and IPD meta-analysis of MBPs for adults in non-clinical settings. 

to global mental health, particularly amongst at-risk individuals such 
as healthcare workers5, and there are concerns that these will persist 
beyond the pandemic period, without the right prevention and man-
agement approaches6. In general, there is widespread agreement that 
not enough emphasis is placed on prevention compared with the treat-
ment of disorders7, and shifting to the implementation of preventive 
interventions must be done with care as they should be evidence based 
and delivered to a high standard of quality4.

The past decade has seen an expansion of mental health prevention 
and promotion programs in workplaces, educational establishments 
and other community settings8. Typically, they target psychological 
distress, a concept encompassing a range of disturbing or unpleasant 
mental or emotional experiences that usually include depression and 
anxiety9. Psychological distress is often an internal response to exter-
nal stressors when coping mechanisms are overwhelmed. It is also 
frequently referred to as mental distress, emotional distress or simply 
stress. If unaddressed, psychological distress can result in mental and 
physical health disorders10.

MBPs are among the most popular preventive interventions11. It is 
estimated that 15% of British adults and 20% of Australians have practiced 
mindfulness meditation at some point in their lives; 5% in the United 
States have done so in 2017 (refs. 12,13). Mindfulness training is offered in 
over 600 companies globally14 and 79% of US medical schools15. National 
health guidelines in England encourage workplaces to help employees 
access mindfulness, yoga or meditation for their mental well-being16. 
During the COVID-19 pandemic, international mental health guidelines 
have been advocating for mindfulness training exercises6,17.

In these contexts, mindfulness is typically defined as “the aware-
ness that emerges through paying attention on purpose, in the present 
moment, and nonjudgmentally to the unfolding of experience moment 
by moment”18. Core MBP elements are mindfulness meditation train-
ing, doing things mindfully such as eating or brushing one’s teeth, and 
collective and individual inquiry with a qualified teacher, using par-
ticipatory learning processes19. MBPs emphasize scientific approaches 
to health and aim to be suitable for delivery in public institutions in 
various settings and across cultures.

We recently published a systematic review and aggregate-data 
(AD) meta-analysis of randomized controlled trials (RCTs) evaluating 
MBPs in non-clinical settings20. We found that MBPs reduce adults’ 
average psychological distress compared with no intervention. In 
our AD meta-analysis, we have also assessed whether effects vary as 
a function of study-level differences, such as MBP type and intensity. 
However, preliminary evidence strongly suggests that the effectiveness 
of MBPs varies as a function of individual, participant-level differences. 
Thus, there is a need for studies with sample sizes large enough to study 
such differences properly21–27. With the current surge of MBP use, it 
is crucial to move beyond simply studying group-level intervention 
effects and assess individual variability in MBP training responsive-
ness28. This could allow MBPs to be targeted at subgroups that will 
benefit most, maximizing effectiveness and cost-effectiveness and 
minimizing harm29.

Individual-level factors
One individual-level factor with promising preliminary evidence for 
modifying MBP effects is pre-intervention psychological distress. Those 
who start with worse mental health may be the most likely to benefit 
from MBPs possibly because they tend to have more room for improve-
ment and more motivation. There is evidence that MBPs targeted at 
stressed, anxious or symptomatic groups have larger effects20,30–33. In 
clinical settings, our IPD meta-analysis of mindfulness-based cognitive 
therapy (MBCT) to prevent recurrent depression relapse has found 
that those with worse baseline mental health would benefit more34. 
Another analysis combining three clinical trials has found a similar 
interaction effect35. However, some studies have found no evidence 
of such an interaction36.

http://www.nature.com/natmentalhealth
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We aimed to estimate the effect of MBPs on psychological distress and 
to compare this with the results of our AD meta-analysis. In addition, 
crucially, we wanted to answer the following research question: Do 
our prespecified participant-level characteristics modify the effect 
of MBPs on psychological distress and, if so, how? Based on previous 
evidence, existing theories, the likelihood of availability of RCT data, 
and international comparability, our prespecified candidate effect 
modifiers were baseline psychological distress, gender, age, education 
and dispositional mindfulness.

Results
Study selection and characteristics
Figure 1 presents the IPD-specific Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) study selection flow diagram. 
Combining our database searches from our previous review20 with the 
updated search, we obtained 21,843 records. We identified 11 additional 
records from other sources. Selection led to 51 records belonging to 
15 trials deemed eligible sources of IPD.

Data were considered unavailable from 2 of the 15 eligible tri-
als from which IPD were sought owing to the non-response to multi-
ple contact attempts62 and the authors’ confirmation that data were 
inaccessible63. Therefore, only the IPD from 13 studies were included, 
amounting to 2,371 participants. This means we were able to obtain 
the IPD of 96% of the eligible participants and 87% of the eligible tri-
als. The obtained IPD included two doctoral theses that did not have 
published results yet that were of interest to this review64,65. Five of 
the trials required a data transfer agreement to be in place before the 
authors could share the data. Throughout the process of obtaining 
and analyzing the data and completing the risk-of-bias assessments, 
the authors were contacted for any clarifications; nine authors were 
contacted about the data files and formats, and eight were contacted 
with queries regarding risk of bias.

The main study characteristics are summarized in Table 1. Of the 
13 trials included, 4 were cluster RCTs. Publication dates ranged from 
2012 to 2022; for two trials66,67, the main papers were published after our 
search, but their protocols had been identified in the search. Studies 
were conducted across eight countries: Australia, Canada, Chile, Taiwan, 
Thailand, the Netherlands, the United Kingdom and the United States.

Sample sizes for individual trials ranged from 44 to 670 partici-
pants. Participant types were diverse, ranging from general univer-
sity and medical and nursing students to teachers, law enforcement 
officers and healthcare professionals. In keeping with the inclusion 
of non-clinical participants, for a cluster RCT of lung cancer patients 
and partners, only partner data were used30, and for one of the parents 
of children with ADHD, only parent data were used67, and only the 
data from non-asthmatic participants were used in an RCT which also 
recruited asthmatic participants65.

Mean ages reported across studies varied between 19 and 59 years, 
and females accounted for 11% to 100% of participants across trials. 
Pooling the IPD observed from all included studies revealed that the 
median age was 34 (range, 17 to 76; non-normal distribution) and 71% 
of participants were women. The median number of years of education 
was 15 (range, 8 to 21; non-normal distribution).

Mean levels of baseline distress and dispositional mindfulness 
cannot be meaningfully estimated across all studies because different 
instruments were used to measure them. Considering the most-used 
psychological distress measure, the 10-item Perceived Stress Scale 
(6 trials; 1,069 participants, most from the United States), the mean 
score is 15.48 (s.d., 6.57). This is significantly higher distress (P value 
(P) < 0.001) than that of a US probability sample of 2,387 adults with a 
mean of 13.02 (s.d., 6.35) (ref. 68). Scores from 0 to 13 are considered 
indicative of low stress, whereas those between 14 and 26 are consid-
ered indicative of moderate stress69. The higher distress level in our 
sample could be driven by the fact that half of these MBPs are targeted 
at groups at risk of being distressed. However, reducing the sample 

to universal (not targeted) MBPs does not substantially change the 
mean score (15.10; s.d., 6.45). Considering the most-used dispositional 
mindfulness measure, the 15-item Mindful Attention Awareness Scale 
(3 trials; 694 participants, most from the United States), the mean 
score of 4.29 (s.d., 0.75) is not significantly different (P = 0.23) from 
that of a comparable, non-clinical sample of 200 US adults (mean, 
4.22; s.d., 0.63) (ref. 70). Item-level data for re-calculating total scores 
were provided for all but two trials, which provided total scores only.

The most-offered MBP was mindfulness-based stress reduction 
(MBSR). All studies had to include a passive control, but four had addi-
tional active-control groups and these included exercise and health 
enhancement programs and a stress management course.

All the trials measured psychological distress between 1 and  
6 months following intervention completion because this was an eli-
gibility criterion. In addition, all the trials measured post-interven-
tion psychological distress (that is, less than 1 month after program 
completion). Three trials measured psychological distress beyond 6 
months after completion of the intervention; the longest follow-up was  
17 months post-intervention71. Effect modifiers gender and age were 
available for all trials, education level was available for all but one and 
dispositional mindfulness was measured in 11 of the 13 included studies.

Trials had on average 20% missing data on the primary out-
come, ranging from 1% to 54% (Supplementary Table 1). Half of these  
missing data (that is, 10% of the total data) came from participants with 
missing data on all the review outcomes. By arm, 19% of MBP primary 
outcome data were missing, compared with 22% of passive controls 
and 16% of active controls.

Communications with collaborating trial authors when risk of bias 
was unclear led to all trials being classified as low risk for domain 1 (risk 
of bias arising from the randomization process); before the queries, 
four trials had been assessed as having some concerns. For the second 
domain (risk of bias due to deviations from the intended interventions), 
for the comparisons with passive-control groups, conservatively, all 
trials remained assessed as having a high risk. For active-controlled 
comparisons, risk was low. For domain 3 (risk of bias due to missing 
outcome data), 6 of the 13 trials had initially been assessed as having 
some concerns, whereas the remainder had been assessed as having 
a low risk. However, subsequently obtaining IPD for all randomized 
participants and using prespecified multiple missing data imputation 
and sensitivity analyses of departures from the missing-at-random 
assumption resulted in all the trials being reappraised as having a 
low risk of bias because of missing data. Domain 4 (risk of bias in the 
measurement of the outcome) remained classified as high risk across 
all trials as the outcomes were self-reported by nature. For the fifth and 
last domain (risk of bias in the selection of the reported result), 9 of 
the 13 trials were originally rated as having some concerns, but as the 
IPD meta-analysis had prespecified analyses, all trials were then rated 
as low risk. This resulted in uniform ratings across trials: all trials were 
low risk for domains 1, 3, and 5 and high risk for domain 4. Domain 2 
was high risk for all passive-controlled comparisons and low risk for all 
active-controlled comparisons (Supplementary Table 2).

Intervention effects
Table 2 shows the results of the IPD meta-analysis assessing the overall 
effects of MBPs on psychological distress (Fig. 2). In comparison with 
passive-control groups, on average, MBPs reduce distress between 1 and 
6 months post-intervention, our primary outcome (standardized mean 
difference (SMD), −0.32; 95% confidence interval (CI), −0.41 to −0.24; 
P < 0.001; 95% prediction interval (PI), −0.41 to −0.24 (no heterogene-
ity)). The effect size, according to Cohen’s conventional criteria72, is 
small to moderate, but the confidence intervals are narrow, and there is 
no evidence of statistical heterogeneity. Results are similar for the other 
psychological distress timepoint ranges in comparison with passive-
control groups. However, there is no evidence that MBPs decrease 
psychological distress in comparison with active-control groups.

http://www.nature.com/natmentalhealth
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Incorporating published data from the two trials for which IPD 
were not available did not modify the primary outcome’s effect esti-
mate size or significance (15 trials; 2,477 participants; SMD, −0.31; 95% 
CI, −0.40 to −0.23; P < 0.001; I² index (I2), 0%). Similar results were 
obtained by analyzing observed data only (13 trials; SMD, −0.32; 95% 
CI, −0.41 to −0.23; P < 0.001; I2, 0%) and by modeling missing data as 
10% or 20% worse than the observed data (for both scenarios: 13 trials; 
SMD, −0.32; 95% CI, −0.40 to −0.23; P < 0.001; I2, 0%). Figure 3 shows 
that missing outcome scores in the MBP arm would need to be over 50% 
worse on average than the observed scores to impact the statistical 
significance of reported effects, and over 70% worse for the direction 
of the intervention effect to change.

As a further check, we compared the primary outcome AD and IPD 
meta-analysis results of the nine trials that overlap in this publication 

and in our previous review20. Our previous review included 27 trials for 
this IPD meta-analysis’s primary outcome, and found results similar to 
those of the IPD meta-analysis, but with much greater heterogeneity. 
By comparing the same set of nine trials, we aimed to explore whether 
the heterogeneity could be explained by the assumptions and transfor-
mations needed when extracting summary data from publications in 
aggregate-data meta-analyses as opposed to using IPD. Effect sizes were 
similar, but the AD meta-analysis was more heterogeneous (SMD, −0.28; 
95% CI, −0.44 to −0.12; P = 0.004; I2, 40%; 95% PI, −0.62 to 0.07) than the 
IPD meta-analysis (SMD, −0.32; 95% CI, −0.42 to −0.22; P < 0.001; I2, 0%).

According to the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) assessment (Table 2 and more 
details in Supplementary Table 3), confidence in the results emerg-
ing from 1 to 6 month follow-up comparisons with passive-control 

Number of records identified through database
searches:
k = 21,843

Number of additional records identified from
other sources:

k = 11

Number of studies in which IPD were not
provided: k = 2. Reasons:

(no response = 1, data unavailable = 1)
Number of participants: N = 109
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Number of records after duplicates were
removed:
k = 12,288

Aggregate data
Number of studies included in analysis:

k = 15
Number of participants included in analysis:

N = 2,477
Participants for whom no data were provided:

N = 3. Reason: data for dropped-out
participants not reported in publication

Number of full texts assessed for eligibility:
k = 1,476

Number of records excluded:
k = 10,812

IPD
Number of studies included in analysis:

k = 13
Number of participants included in analysis:

N = 2,371
Participants for whom no data were provided:

N = 0

Studies included:
k = 15

Number of studies from which IPD were sought:
k = 15

Number of records screened:
k = 12,288

Records included for IPD:
k = 51

Number of full texts excluded:
k = 1,425. Reasons*:

study design = 502, population = 78,
comparator = 64, intervention = 406,
intervention duration = 114, route of
administration = 45, outcomes = 127,

conference abstracts = 6, outcome time
points = 58, >2 high RoB domains = 25

Fig. 1 | PRISMA IPD flow diagram. Reproduced with permission from the 
PRISMA IPD group, which encourages sharing and reuse for non-commercial 
purposes. *This section was built using a heuristic for quick study selection, 

whereby the easiest-to-assess criterion, study design, was assessed first and 
only the studies satisfying this criterion would be assessed for the subsequent 
criterion, and so on.
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groups (primary outcome) is high. Confidence in the post-intervention 
results is moderate because of non-reporting bias potentially arising 
from the exclusion of trials that only reported secondary outcomes. 
Confidence in the 6+ month follow-up results is low because of non-
reporting bias and imprecision (small number of studies), and confi-
dence in the results arising from comparisons with active controls is 

very low because of non-reporting bias, imprecision, and inconsistency  
(unexplained heterogeneity).

Effect modifiers
Table 3 summarizes the interaction effects for all outcomes and 
comparisons. We found no evidence that any prespecified variables 

Table 1 | Characteristics of the included studies

Author, year, trial 
registration (if 
available), country

N Participant type Age, mean 
(s.d.)

Female (%) Intervention Control(s) Distress 
measure

Follow-up 
timepoints

Effect 
modifiers

Aeamla-Or 201564, 
ISRCTN62401721, 
Thailand

127 Nursing 
students

19.17 (0.87) 91 Mindfulness-
based stress 
resilience

Treatment as 
usual from 
the University 
Mental Health 
Counselling 
Centre

PSS-10 Post-int, 2m, 
6m

Mindfulness 
(MAAS), 
gender, age, 
education

Barrett 2012104–110, 
NCT01057771,  
United States

154 Older adults 59.27 (6.59) 82 Mindfulness 
meditation

(1) Waitlist, 
(2) exercise 
program

PSS-10 Post-int, 3m Mindfulness 
(MAAS), 
gender, age, 
education

Barrett 2018111–116, 
NCT01654289,  
United States

413 Adults aged 30 
to 69 years

49.65 (11.57) 76 MBSR (1) No 
intervention, 
(2) progressive 
moderate-
intensity 
exercise

PSS-10 Post-int, 2m, 
3m, 6m

Mindfulness 
(MAAS), 
gender, age, 
education

Christopher 2018117–119, 
NCT02521454,  
United States

61 Law 
enforcement 
officers

43.97 (6.05) 11 Mindfulness-
based 
resilience 
training

Waitlist OPS Post-int, 3m Mindfulness 
(FFMQ-15), 
gender, age, 
education

Errazuriz 2020120, 
ISRCTN12039804, Chile

105 Healthcare 
professionals

40.16 (11.71) 97 MBSR (1) Waitlist, 
(2) stress 
management 
course

PSS-14 Post-int, 4m Mindfulness 
(FFMQ-39), 
gender, age, 
education

Galante 201839,121–123, 
ACTRN12615001160527, 
United Kingdom

670 University 
students

23.5 (5.46) 64 Mindfulness 
skills for 
students plus 
mental health 
support as 
usual

Mental health 
support as 
usual

CORE-OM Post-int, 
1–4m, 10m

Gender, age, 
education

Huang 2015124, 
NCT02241070, Taiwan

144 Employees 42.54 (8.63) 41 Mindfulness-
based 
intervention

Waitlist PSS-10 Post-int, 1m, 
2m

Gender, age, 
education

Hwang 2019125, Australia 185 School teachers 43.08 (11.59) 86 Reconnected Waitlist PSS-10 Post-int, 1.5m Mindfulness 
(FFMQ-SF18), 
gender, age

Kral 201965,126–128, 
NCT02157766,  
United States

139 Adults aged 25 
to 65 years

44.11 (12.68) 59 MBSR (1) Waitlist, 
(2) health 
enhancement 
program

SCL-90-R Post-int, 6m Mindfulness 
(FFMQ-39), 
gender, age, 
education

MacKinnon 202166,129, 
NCT02214732, Canada

60 Pregnant 
women

31.75 (4.94) 100 MBCT for 
perinatal 
depression + 
treatment as 
usual

Treatment as 
usual

PSS-10 Post-int, 3m 
postpartum

Mindfulness 
(FFMQ-SF24), 
gender, age, 
education

Schellekens 201730,130,131, 
NCT01494883, the 
Netherlands

44 Partners of 
patients with 
lung cancer

58.58 (9.63) 57 MBSR + care 
as usual

Care as usual HADS Post-int, 3m Mindfulness 
(FFMQ-39), 
gender, age, 
education

Siebelink 202167,132, 
NCT03220308, the 
Netherlands

102 Parents of 
children with 
ADHD

43.38 (5.47) 69 MYmind + 
care as usual

Care as usual DASS-21 Post-int, 2m, 
6m

Mindfulness 
(IM-P), gender, 
age, education

van Dijk 201771,133, the 
Netherlands

167 Medical 
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gender, age

See our published AD meta-analysis20 for information on the two eligible trials that did not provide individual participant data62,63 1m–17m, number of months to follow-up; BSI, Brief Symptom 
Inventory; CORE-OM, Clinical Outcomes in Routine Evaluation—Outcome Measure; DASS-21, Depression, Anxiety and Stress Scale; FFMQ-x, Five-Facet Mindfulness Questionnaire—x items; 
HADS-14, Hospital Anxiety and Depression Scale; IM-P, Interpersonal Mindfulness in Parenting Scale; MAAS, Mindful Attention Awareness Scale; N, number of studies; OPS, Operational Stress 
subscale; Post-int, post-intervention; PSS-x, Perceived Stress Scale—x items; SCL-90-R, Symptom Checklist-90-Revised.
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modified the effects of MBPs on our primary outcome, psychological 
distress at 1–6 months post-intervention (Supplementary Figs. 1–5), 
or any of our secondary outcomes. Because none of the prespecified 
candidate variables showed evidence of interaction effects, we were 
unable to build a predictive model to show which profiles could benefit 
the most.

Gender-specific meta-analyses suggest that MBPs reduce distress 
among both men and women compared with passive controls (for men: 
SMD, −0.40; 95% CI, −0.55 to −0.25; P < 0.001; for women: SMD, −0.28; 
95% CI, −0.38 to −0.18; P < 0.001). Two trials in the primary outcome 
meta-analysis used student samples. Whereas students are projected 
to gain more years of education as they progress in their studies, par-
ticipants selected from the community with the same number of years 
of education are less likely to gain additional years of education in 
the future. Thus, although all the interaction models were adjusted 
by age, we ran a post hoc sensitivity analysis excluding student trials 
to explore the possibility that students confounded education–MBP 
interactions. We found no interaction effect difference between this 
restricted analysis (SMD, 0.02; 95% CI, −0.03 to 0.08; P < 0.40) and that 
which includes all studies.

Discussion
Our IPD meta-analysis found evidence that MBPs generate, on average, 
a small to moderate reduction in adults’ psychological distress, lasting 
for at least 6 months in each of the represented settings, in comparison 
with no intervention. Based on the GRADE assessment, our confidence 
in these results is high. There was no clear indication that this effect is 
modified by baseline psychological distress, age, gender, education 
level or dispositional mindfulness.

Intervention effects
Our intervention effect results encourage the implementation of 
teacher-led MBPs for adults in non-clinical settings, and we have not 
found subgroups or settings in which they may be less efficacious. 
However, the average effect is small to moderate, and it is difficult to 
ascertain clinical significance because we have combined different 
instruments, although the effect size is within the range that has been 
proposed for defining minimally important difference based on effect 
size73. Also, our intervention effect results only estimate average effects 
across participants. There is evidence that some people may not benefit 
or may even experience harm74.

Table 2 | Individual participant data meta-analyses comparing the effects of MBPs on psychological distress with control 
groups, by timepoint range

Control Time N SMD CIL CIU P I2 (%) PIL PIU GRADE confidence

Passive Post-int 13 −0.28 −0.36 −0.20 0.000 0.00 −0.36 −0.20 Moderate

Passive 1–6m 13 −0.32 −0.41 −0.24 0.000 0.00 −0.41 −0.24 High

Passive 6+m 13/3a −0.29 −0.40 −0.18 0.000 NA −0.41 −0.16 Low

Active Post-int 4 −0.05 −0.35 0.26 0.673 36.19 −0.68 0.59 Very low

Active 1–6m 4 0.03 −0.20 0.25 0.735 0.00 −0.28 0.33 Very low

Random-effects meta-analyses using the restricted maximum-likelihood method (two-sided tests with no adjustment for multiple comparisons). The primary outcome is in bold. 1–6m, 
follow-up within 1–6 months post-intervention; 6+m, follow-up over 6 months post-intervention; CIL, 95% confidence interval lower; CIU, 95% confidence interval upper; NA, not applicable;  
PIL, prediction interval lower; PIU, prediction interval upper. aMultivariate meta-analysis: number of studies that contributed to the result/number of studies that measured the outcome.
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Fig. 2 | IPD meta-analysis of the primary outcome (psychological distress at the 1–6 month follow-up, comparison with passive-control groups). Random-
effects meta-analysis using the restricted maximum-likelihood (REML) method (two-sided test with no adjustment for multiple comparisons). Data are presented as 
SMD with 95% CIs. N = 2,371 participants.
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Despite our primary outcome results being positive, without 
active comparisons or blinded controls, we cannot confidently say 
that this is due to mindfulness training. Furthermore, in our explora-
tory analysis, we found no clear evidence that MBPs are superior to 
other interventions in mental health promotion. These results are 
aligned with those of our AD meta-analysis, which included up to 51 
active-controlled trials20, and a meta-review of MBP meta-analyses22. 
Therefore, the specificity of MBP effects is still unclear.

Our findings do not extend to automated or self-guided MBPs such 
as those delivered through smartphone applications, books, CDs, etc. 
The lack of human interaction and teacher guidance may substantially 
modify their effectiveness and safety75. Despite the popularity of app-
based mindfulness courses, potentially driven by cost and accessibility 
advantages14,76, the evidence base is still developing77. Our findings may 
partially extend to teleconference-based MBPs, but implementation 
research should better define this.

Similarly, our findings are limited to voluntary MBPs and should not 
be automatically extended to other types of offerings. The evidence so 
far on compulsory MBPs for adults, for example, an MBP required as part 
of medical school courses, is scarce and does not show benefit78. Further-
more, a recent large and well-conducted trial assessing a non-clinical MBP 
for adolescents, delivered as part of the school curriculum, showed no 
added benefit to well-being compared with normal school provision79.

Effect modifiers
Our findings on effect modification are remarkably similar to those 
of our IPD meta-analysis of MBCT to prevent recurrent depression 
relapse: no evidence was found of the effect-modifying role of age, sex, 
education or dispositional mindfulness on MBP effects34. However, the 
depression relapse IPD meta-analysis found some evidence suggesting 
a relative increment in effect with worse baseline mental health status, 
which was not replicated in the current non-clinical study.

Other study designs, mainly individual trials and AD meta-analy-
ses, have found different results for all of these potential effect modi-
fiers, for example, 26,27,36,38–40. However, study designs other than the 
IPD meta-analysis suffer from methodological shortcomings that make 
interaction analyses of potential effect modifiers at the individual 
participant level less reliable80,81.

Our results may help in the interpretation of evidence that MBPs 
targeted at at-risk or stressed groups are more effective in reducing 
depression and anxiety than universal MBPs. Our AD meta-analysis 
found that indicated MBPs (for individuals with subclinical symptoms of 
mental health conditions) and selective MBPs (for those at higher risk of 
developing mental health problems, such as carers) were more beneficial 

in preventing anxiety and depression than universal MBPs, although no 
such differences were found for psychological distress20. Another AD 
meta-analysis found similar results for depressive symptoms among 
university students82. Our current IPD meta-analysis suggests that this 
greater effect of targeted MBPs is not related to those more distressed at 
baseline obtaining more benefits but could instead be due to differences 
in the types of MBPs or their teachers (for example, therapists teaching 
selective or indicated MBPs). Another explanation could be that depres-
sion and anxiety questionnaires may suffer from ceiling effects among 
those less distressed, of which there are more in universal interventions, 
whereas psychological distress questionnaires may retain sensitivity 
along this mental health spectrum. Alternatively, those with higher 
baseline distress may be more responsive to MBP effects, but they may 
also have less time to devote to mindfulness practice after the course, so 
the extra effects may not materialize after the course ends.

Individuals with fewer than 12 years of education were underrepre-
sented in our dataset, so we cannot exclude the possibility that benefit 
differently from MBPs. Our sample reflects the wider situation: the 
average rates of educational attainment for the individuals in MBSR 
and MBCT trials tend to be greater than the average for the US popula-
tion83,84. Individuals with low educational attainment may not have 
equal access to MBPs. This could happen at least in part because of 
the aforementioned offering of MBPs by universities and workplaces, 
granting those enrolled in higher-degree programs and working for well-
resourced employers access to MBPs while leaving the wider public with 
limited access. MBPs available to the wider public may be less common 
than MBPs behind the paywall of being enrolled in higher-degree pro-
grams or employed by well-resourced employers. Our results warrant 
efforts to adapt and thoroughly evaluate MBPs for wider audiences.

Our IPD has a good age range among adults, although those above 
70 years old were underrepresented, so our findings cannot reliably 
extend to them. Men were underrepresented, making up 29% of the 
participants, which reflects other MBP trials very precisely83,84. Given that 
we found MBPs to be effective among men, more research is needed to 
identify barriers to access or engagement among men. Factors such as 
the gender of teachers and peers may contribute to engagement; in the 
case of MBPs within trials, the attractiveness of the control condition (for 
example, physical exercise) or researchers’ characteristics may play roles.

A key limitation of IPD meta-analyses is that the effect modifi-
ers that can be assessed are limited to those that the existing trials 
measured. Other effect modifiers may be at play, such as participant 
expectations and beliefs, group and setting dynamics, and personal-
ity and cognitive factors28. Socio-economic and cultural factors may 
also be key. Although our country spread was good, low- and middle-
income countries are underrepresented, and low- and middle-income 
populations within countries may be underrepresented too. Future 
qualitative research could identify and prioritize the most promising 
potential effect modifiers85.

In order to reduce the likelihood of spurious effect modification 
results, we had to limit our analyses to a handful of potential effect 
modifiers, and we could not assess any nuances within these (for exam-
ple, different dimensions of baseline psychological distress). Also, 
our assessed effect modifiers may have shown significant results with 
more trials included. We hope that these limitations are addressed in 
future IPD meta-analyses as trials in the field continue to accumulate.

Confidence in the results
This IPD meta-analysis was preceded by a comprehensive systematic 
review, the methods were prespecified, and various risks of bias were 
mitigated. These aspects increased the robustness of our results86. We 
were able to obtain IPD for 96% of the eligible participants, over the 
90% mark, which is seen as a reliable indicator of low risk of selection 
bias86,87. In line with recent work88, results were robust to sensitivity 
analyses including AD for the two eligible trials from which we could 
not obtain IPD.
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Fig. 3 | Sensitivity analysis exploring non-missing-at-random intervention 
data scenario. N = 2,371 participants.
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Confidence in the IPD meta-analysis intervention effect primary 
outcome result is high according to the GRADE assessment, meaning 
that further research is unlikely to change this result. The assessment 
is markedly higher than that of our AD meta-analysis20. Several aspects 
explain this difference. In contrast to the AD meta-analysis, the trials 
included in the IPD meta-analysis passed an a priori quality threshold. 
Limiting inclusion to those trials with higher quality can make a meta-
analysis more robust87. Many of our AD meta-analysis results were 
sensitive to trial quality, which encouraged us to limit our IPD meta-
analysis. We acknowledge, however, that the revised Cochrane Risk-
of-Bias tool (RoB 2) has not been validated as a scale, so we could not 
use validated cut-off points for selecting trials and risk-of-bias domains 
may not be interchangeable89. All trials’ risk of bias was reduced further 
by using IPD.

The consistency of the results also contributed to the GRADE rat-
ing. AD meta-analyses rely on published data, which limits the ability 
to check it and forces analysts to make transformations and strong 
assumptions of a varied, complex and hard-to-prespecify nature. 
These AD meta-analysis limitations increase the chance of biases and 
errors, decreasing the reliability of results and sometimes inflating 
heterogeneity. The differences between our AD and IPD meta-analyses 
illustrate this. The narrow prediction intervals of our primary outcome 
contrast with those of our previous AD meta-analysis. In the latter, 
we found similar results, but given the heterogeneity between stud-
ies, the findings did not support the generalization of MBP effects 

across every represented setting20. The study-level moderators that 
we investigated in the AD meta-analysis, such as program character-
istics or type of population targeted, were not able to fully explain the 
observed heterogeneity. Similarly, we have not found strong evidence 
of individual-level effect modifiers in the IPD meta-analysis reported 
here. Instead, methodological factors may have contributed to the 
increased precision of both confidence and prediction intervals in the 
IPD meta-analysis compared with the AD meta-analysis, significantly 
reducing heterogeneity.

The methodological aspects of our study described above illus-
trate many of the advantages of IPD meta-analyses over AD meta-anal-
yses. Specifically, they show the strengths of using IPD to re-calculate 
summary measures and of applying the same summary measures, 
sample types, and imputation methods to all the trials. The gains in 
consistency and reliability tend to compensate for the extra time and 
resource involved in collecting IPD, which usually limits the number of 
studies that can be included in IPD meta-analyses in comparison with 
their AD counterparts. Contemporary open-data initiatives mean that 
increasing amounts of IPD will be readily available from public data 
repositories, which will undoubtedly make IPD meta-analyses more 
feasible and faster over time.

However, despite the use of IPD, there are remaining risk-of-bias 
concerns regarding the lack of blinding and self-reported outcomes. 
These are inherent to the nature of the research field: it is extremely 
difficult to effectively blind participants to real-life psychosocial 

Table 3 | Individual participant data interaction meta-analyses by control group and timepoint range

Control Time Modifiera N Mod SMD CIL CIU P I2 (%) PIL PIU

Passive Post-int Age 13 0.00 −0.01 0.01 0.863 0.69 −0.01 0.01

Gender 10 0.01 −0.19 0.22 0.890 0.26 −0.20 0.22

Distress 13 −0.07 −0.15 0.01 0.089 0.00 −0.15 0.01

Education 11 −0.03 −0.07 0.02 0.239 2.34 −0.08 0.03

Mindfulness 11 0.03 −0.07 0.13 0.497 0.00 −0.07 0.13

Passive 1–6m Age 13 −0.01 −0.02 0.01 0.417 19.45 −0.03 0.02

Gender 11 0.11 −0.13 0.36 0.330 14.97 −0.29 0.52

Distress 13 −0.06 −0.15 0.03 0.193 0.00 −0.15 0.03

Educationb 11 −0.01 −0.05 0.03 0.586 0.00 – –

Mindfulness 11 0.05 −0.06 0.17 0.314 0.00 −0.06 0.17

Passive 6+m Age 13/3c −0.01 −0.02 0.01 0.344 NA −0.02 0.01

Gender 11/3c −0.01 −0.29 0.26 0.925 NA −0.37 0.35

Distress 13/3c −0.05 −0.16 0.06 0.393 NA −0.17 0.08

Education 11/2c 0.05 −0.02 0.13 0.188 NA −0.07 0.17

Mindfulness 11/2c −0.02 −0.20 0.17 0.864 NA −0.25 0.25

Active Post-int Age 4 0.01 −0.01 0.03 0.301 0.04 −0.02 0.03

Gender 2 0.21 −2.00 2.41 0.445 0.00 – –

Distress 4 −0.02 −0.23 0.19 0.802 0.00 −0.30 0.26

Education 4 0.04 −0.09 0.16 0.399 17.71 −0.19 0.26

Mindfulness 4 0.11 −0.10 0.32 0.189 0.00 −0.17 0.40

Active 1–6m Age 4 0.01 −0.01 0.03 0.209 0.03 −0.02 0.04

Gender 2 0.12 −2.19 2.44 0.619 0.00 – –

Distress 4 0.22 −0.33 0.76 0.298 80.42 −1.28 1.71

Education 4 −0.01 −0.17 0.14 0.799 37.39 −0.35 0.32

Mindfulness 4 −0.02 −0.46 0.41 0.872 62.84 −1.09 1.04

Random-effects meta-analyses using the restricted maximum-likelihood method (two-sided tests with no adjustment for multiple comparisons). Primary outcome in bold. Mod SMD, effect-
modifier SMD, which is the change in SMD per one unit change in effect modifier. aMeasurement units are years for age and education and standard deviations for distress and mindfulness.  
The base gender is male. bThe random-effects model did not converge, so the fixed-effects model is reported. cMultivariate meta-analysis: number of studies contributing to the result/number 
of studies that measured this outcome.

http://www.nature.com/natmentalhealth


Nature Mental Health | Volume 1 | July 2023 | 462–476 470

Analysis https://doi.org/10.1038/s44220-023-00081-5

interventions, and psychological distress is an inherently subjective 
outcome. Future research could consider alternative assessment 
approaches, such as clinician-rated or partner-rated measures of psy-
chological distress. In addition, downstream effects of psychological 
distress, such as work absenteeism or health problems, could be con-
sidered. Future trials should also take into account RoB 2 domains and 
trial reporting checklists when planning their trials in order to increase 
quality and thereby confidence in their results. Publicly registering a 
trial protocol ahead of data collection that pre-specifies a primary out-
come measure and a primary timepoint, with a primary outcome data 
analysis plan, could go a long way in this sense. Missing data problems 
would be greatly mitigated if trialists could encourage participants to 
complete outcome surveys even when they abandon the MBP.

Confidence in results arising from actively controlled compari-
sons is very low. These comparisons included very few studies, so 
results are unreliable. Also, our search excluded studies in which 
the only comparisons tested were those with active-control groups, 
potentially biasing the results for this comparison. In any case, it is 
hard to interpret the effects of MBPs using comparisons with a mix 
of active-control groups because different control interventions 
may have different specific effects that may overlap differently with 
those of the MBPs. Similarly, the effect modification results for this 
comparison are hard to interpret because the effects of each active-
control intervention may be modified in different ways. Confidence 
will increase as new trials in the field accumulate and we are able to 
synthesize evidence comparing MBPs with specific interventions, 
rather than with a mix of interventions.

Time and resource constraints meant that we had to exclude sev-
eral trials that were only reporting secondary outcome results. We 
report these secondary outcomes anyway for completeness and for 
exploratory purposes, but we acknowledge that the limited inclusion 
could have biased these results, hence the reduced GRADE confidence 
in them. Relatedly, defining the primary outcome timepoint range as 
between 1 and 6 months post-intervention and choosing the longest 
follow-up within this window in order to focus on effects that are widely 
reported yet likely to be more stable than immediate effects were rea-
soned and predefined decisions, but ultimately arbitrary.

Conclusion
In contrast to those who take no action, community adults who choose 
to take part in group-based, teacher-led MBPs will generally experience 
a reduction in their psychological distress. Based on the trials accrued 
so far, we found no clear indication that baseline distress, gender, age, 
education level or dispositional mindfulness will modify this effect, 
but further research on MBP effect modification factors is needed.

Methods
The protocol for this work was prospectively registered (PROSPERO 
registration number CRD42020200117) and published90. Method-
ological details can be found in the protocol publication and are 
briefly described below. This study is reported in accordance with 
the relevant PRISMA guidelines91,92. This publication has considered 
the Global Code of Conduct, a code of ethics for equitable research 
partnerships. Because this project only involved the use of second-
ary anonymized data from other research studies, it did not require 
ethics committee approval.

A public stakeholder group has provided input throughout the life 
of this project, initially by providing feedback on the study protocol 
and screening and extracting records as research partners. Then, they 
contributed to the interpretation, dissemination, and output of the 
study findings, co-creating a film summarizing the study methodology 
and key findings and co-authoring a paper (in preparation) detailing 
their experience in acting as stakeholders on an IPD meta-analysis 
project. We have also involved a group of professional stakeholders 
to form an advisory group.

Study search and selection
The search for eligible studies follows the same protocol conducted 
as part of our previous review20, wherein 13 databases (AMED, ASSIA, 
CENTRAL, CINAHL, ERIC, EThOS, EMBASE, MEDLINE, ProQuest, Psy-
cINFO, Scopus, Web of Science and the World Health Organization 
International Clinical Trials Registry Platform) were electronically 
searched with no publication date limits. We updated this search in 
December 2020 using the search strategies prespecified in our IPD 
meta-analysis protocol90. In addition to studies obtained through 
database searches, the 136 trials included in our previous review were 
screened for eligibility against the IPD meta-analysis inclusion criteria. 
Moreover, authors invited to share IPD made us aware of further pub-
lications linked to their main trial publications.

The review inclusion criteria, applied at the study level, were 
(1) parallel-arm RCTs, including cluster RCTs; (2) group-based first-
generation MBPs19, with a minimum intensity of four 1 h in-person 
teacher-led sessions or equivalent; (3) passive-control groups, such as 
no intervention or waitlists, or treatment as usual, which the MBP arm 
also had to have access to; (4) adult (18+ year old) participants living 
in the community who were not specifically selected for having any 
particular clinical condition; (5) self-reported psychological distress 
measured between 1 and 6 months after MBP completion; (6) at least 
one of the following candidate effect modifiers being reported: base-
line psychological distress, gender, age, education and dispositional 
mindfulness; and (7) a maximum of two risk-of-bias sources rated as 
‘high’, before having obtained IPD, according to RoB 2 (ref.93).

Our inclusion criteria were deliberately narrower in scope than our 
previous AD meta-analysis review criteria, rendering our IPD meta-anal-
ysis feasible and allowing for a more focused and high-quality analysis. 
For feasibility purposes, we had to limit our IPD meta-analysis inclusion 
criteria to those trials reporting the primary outcome, excluding those 
trials only reporting secondary outcomes. We have also excluded tri-
als which only compared MBPs with active-control groups, but we did 
include trials that had active-control groups if they also compared 
MBPs with a passive-control group.

Retrieved records (first, abstracts, then full texts) were screened 
independently by two reviewers ( J.G. and C.F.) using Covidence94 for all 
but criterion (7). Then, multiple records from the same trial were com-
bined and appraised using RoB 2 (7). Any discrepancies in screening or 
rating decisions were discussed and resolved within the research team.

Data collection and processing
Two independent reviewers ( J.G. and C.F.) extracted study-level char-
acteristics from publications. We contacted the authors of eligible 
trials and invited them to collaborate, offering co-authorship on any 
publications resulting from their shared trial data. Initial contact by 
email included the review protocol and instructions on which data 
were being requested and how to transfer the data. We requested 
final and baseline scores for the outcome measure and the available 
prespecified effect modifiers. Where trials used more than one meas-
ure for the same outcome, we requested the more psychometrically 
robust outcome. Where trials measured the same outcome multiple 
times within our timepoint range of interest (for example, the 2 and 
4 month follow-up), we requested the longest follow-up to reduce 
heterogeneity within the range, as well as to focus on the effects that 
are likely to be more stable.

We asked authors to share anonymized IPD for all randomized 
participants, including any data which may have been omitted from 
trial publications or analyses. We requested data for individual scale 
items rather than calculated total scores, without imputation of missing 
data. Data transfers were completed using the University of Cambridge 
Transfer Server of the Secure Data Hosting Service, an ISO 27001-certi-
fied safe haven for sensitive data. When transfers were finished, one 
reviewer (C.F.) checked all trial data files with guidance from a second 
reviewer ( J.G.).
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We initially checked files in the original format they were sent in 
(SPSS, Excel) and again after importing into Stata. First, we confirmed 
that all randomized participants were present by checking trial pub-
lications and registries. Second, we checked all files for any missing 
variables. Third, we checked that scores were for individual scale items, 
not total scores, and whether these were reversed or imputed, whether 
data were missing and how this was indicated in the original file, and 
whether there were any extreme values or inconsistent items (for 
example, unusually old or young participants). Where authors also 
transferred a data dictionary, we compared it with the data files and 
standardized it across studies. Where necessary, we contacted authors 
when we had questions or needed clarifications and we discussed 
with two reviewers ( J.G. and C.F.) and recorded any changes to the 
original data files, such as the removal of ineligible participants. Once 
we completed checking all trial data files, we standardized them into 
a prespecified format using Stata.

Once they were standardized, we calculated the demographics and 
descriptive statistics of each trial and timepoint and compared them 
with those of trial publications; we also discussed any discrepancies, 
and if they remained unresolved, we contacted the trial authors for 
further information. Then, we conducted analyses of individual trials 
and compared them with published analyses, discussing any discrepan-
cies with the trial authors. For studies in which IPD were not available, 
two independent reviewers extracted AD from trial publications. Trials 
used different categories for collecting education-level data, so we 
estimated years of education based on the education systems of the 
countries in which the trial was conducted.

Outcomes and risk-of-bias assessment
The primary outcome of this meta-analysis is self-reported psycho-
logical distress measured between 1 and 6 months after program com-
pletion using psychometrically valid questionnaires (for example, 
Perceived Stress Scale, General Health Questionnaire, Depression, 
Anxiety and Stress Scale). Psychological distress was the most meas-
ured and robust outcome of our AD meta-analysis20 and is normally 
distributed in the general population. Rather than focusing on any 
particular set of mental health symptoms, psychological distress tran-
scends the diagnostic categories traditionally used in psychiatry and 
is a general indicator of mental health deterioration9.

Secondary outcomes are psychological distress measures taken 
less than 1 month after program completion (post-intervention) or 
beyond 6 months after program completion. Post-intervention time-
points were considered to be secondary outcomes because they do not 
inform stable changes; therefore, they are less useful for understanding 
the real-life impact of MBPs and the factors modifying these effects 
in a stable fashion. Secondary outcome analyses were considered 
exploratory.

The reviewers selecting the studies independently assessed 
whether the trial outcomes included measures of psychological dis-
tress. Disagreements were resolved via consensus between two senior 
team members (T.D. and P.B.J.) blinded to the trial results and to which 
trial used each measure, before IPD were requested. Measure validity 
was ascertained by cross-referencing the validity and reliability stud-
ies cited in the trial publications. Where measures had been translated 
from the original language, validity studies of the translated measures 
were additionally checked. As trials used different instruments to 
measure psychological distress, we standardized them using z scores.

The main analysis compared MBPs with a combination of all the 
passive-control groups. We chose this as the main comparison because 
it makes the interpretation of potential modification effects more 
straightforward. Including active controls would make results hard 
to interpret because the effects of each control intervention may be 
modified in different ways. A comparison with passive-control groups 
allows for a better understanding of MBP effect modification per se. 
Notwithstanding, if the included trials also compared MBPs with other 

interventions, these were grouped under the comparator ‘active con-
trol’ for exploratory analyses.

Relying initially on trial publications, two reviewers ( J.G. and C.F.) 
independently assessed trials’ risk of bias using RoB 2 for RCTs applied 
to the review outcomes93,95. This tool considers bias due to (1) rand-
omization, (2) deviations from intended interventions, (3) missing 
outcome data, (4) measurement of the outcome and (5) selection of 
the reported result. We assessed cluster RCTs with their specific sub-
set of questions on RoB 2. Once IPD had been obtained, we updated 
the risk-of-bias assessments for individual studies (for example, the 
risk was lowered if IPD included participants missing in published trial 
reports) and discussed any unclear information with study authors. 
Finally, we used the GRADE approach to assess the confidence in the 
accumulated evidence96. It categorizes the quality of evidence into four 
levels of certainty: high, moderate, low, and very low. For each outcome, 
we considered trials’ risk of bias, meta-analysis non-reporting bias, 
imprecision (CIs), inconsistency (prediction intervals) and indirect-
ness of evidence.

Analytic approach
To calculate the overall MBP effect, we performed two-stage IPD meta-
analyses54. Meta-analyses were univariate for the timepoint ranges 
for which data from all the trials were available; otherwise, they were 
multivariate, including all available timepoint ranges to make the most 
efficient use of available data97.

For the first stage of each IPD meta-analysis, we conducted linear 
regressions separately by trial to estimate the intervention effects fol-
lowing the intention-to-treat principle. We used the analysis of covari-
ance estimate as an effect measure (final score adjusted for baseline 
score and the available prespecified effect modifiers)54,98. We treated 
questionnaire scores as continuous variables.

For the second stage of the IPD meta-analyses, we combined the 
intervention effects from each trial using pairwise random-effects 
meta-analyses within comparator categories. We used restricted maxi-
mum likelihood to estimate heterogeneity in the intervention effect 
and quantified heterogeneity using approximate prediction intervals99.

We imputed missing data following a prespecified plan54,100,101. 
Multiple imputation (multivariate imputation by chained equations) 
was performed separately by trial and by randomized group within each 
trial. We only imputed data for participants for which data on other 
review outcomes were available, and we used these other outcomes as 
auxiliary variables (except in the sensitivity analyses assessing depar-
tures from the missing-at-random assumption, in which we imputed 
all missing outcome data; see below). In order not to increase between-
study heterogeneity, we used the same set of covariates in the imputa-
tion models across studies54: the psychological distress outcomes and 
prespecified effect modifiers measured by that study. We performed 
50 imputations per study, which was at least equal to the percentage 
of incomplete cases. More details are found in our protocol90.

We performed a series of sensitivity analyses exploring missing 
data for the primary outcome. One analysis incorporated published 
AD from trials for which IPD were unavailable into the second stage 
of the two-stage IPD meta-analysis60. Another sensitivity analysis was 
performed using no imputed data. We assessed departures from the 
missing-at-random assumption in sensitivity analyses by increasing all 
imputed psychological distress scores by 10% and 20% and by increas-
ing them by 10–90% in the intervention arm only, given that MBP par-
ticipants experiencing deterioration may have been less willing to 
complete outcome measures than passive-control-group participants, 
who may have expected to feel worse.

The effect modification analyses assessed the potential modifiers 
of interest one by one following a within-studies approach80,102. For each 
effect modifier, a treatment-by-participant covariate interaction term 
was incorporated in the intervention effect trial regression models. 
Then, the estimated interactions were combined in a random-effects 
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meta-analysis. We estimated subgroup-specific intervention effects 
by repeating the analysis procedure using the interaction parameters 
derived from the within-studies approach.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The aggregate data are publicly available103. For individual trial data 
availability, please refer to the relevant trial publication.

Code availability
The statistical code is publicly available103.
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