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A systematic review and network  
meta-analysis of randomized controlled 
trials of well-being-focused interventions
 

Lowri Wilkie    1,2  , Zoe Fisher2,3,4, Antonia Geidel1, Isabel Goodall1, 
Shannon Kamil1, Elen Davies1 & Andrew Haddon Kemp    1,2 

Improving population well-being is increasingly recognized as a 
global priority, yet evidence on the comparative effectiveness of 
well-being-focused interventions in adults is fragmented. Here we conduct 
a preregistered systematic review and network meta-analysis (PROSPERO 
CRD42023403480) of randomized controlled trials evaluating well-being 
interventions in adults without diagnosed conditions. Searches of MEDLINE, 
PsycINFO, CENTRAL and Scopus (to March 2023) identified 183 trials 
(n = 22,811). Interventions included mindfulness-based, compassion-based, 
acceptance and commitment therapy and positive psychology 
interventions, as well as exercise, yoga, educational, nature-based 
programmes and combined exercise-psychological approaches. Risk of bias 
was assessed using RoB 2, and data were synthesized using random-effects 
network meta-analysis. Most interventions improved well-being compared 
with inactive controls. Combined exercise-psychological interventions 
produced the largest effect (standardized mean difference of 0.73, 95% 
confidence interval 0.27 to 1.20). Mindfulness, compassion, single positive 
psychology, yoga and exercise interventions demonstrated moderate, 
consistent effects (standardized mean difference of 0.41–0.49), with no 
significant differences between interventions. Nature-based interventions 
were not significantly more effective than controls, but evidence was 
limited by conceptual and methodological heterogeneity. Risk of bias 
was frequently moderate to high, and funnel plot asymmetry suggested 
potential publication bias. However, multiple sensitivity analyses (including 
grey literature, excluding studies with high risk of bias and small studies) 
supported the robustness of overall conclusions. Most comparisons (71%) 
were rated as moderate in certainty of evidence using CINEMA. These 
findings provide an integrated synthesis of the well-being intervention 
literature and highlight priority areas for future interdisciplinary,  
methodologically robust research. No external funding was received.
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central role of positive social ties in well-being27,36,37. Meta-analyses 
have reported moderate effect sizes (g = 0.66) for social identity- 
building interventions on well-being33. Nature-based interven-
tions are also increasingly recognized as an approach for enhanc-
ing well-being, with a growing body of evidence supporting their 
effectiveness34,38–41. Epidemiological evidence indicates that proxim-
ity to and time spent in nature can have notable positive effects on 
mental health outcomes and even mortality rates42–45. Meta-analyses 
have also revealed significant effect sizes for the relationship 
between nature connectedness and both hedonic (r = 0.20) and 
eudemonic (r = 0.24) well-being34. Connection to nature is also a trait 
that is associated with pro-environmental behaviours46 and nature 
conservation efforts47, highlighting opportunities to promote well- 
being of the individual as well as the planet.

There is now a need to synthesize and compare the efficacy of these 
widely accepted and prescribed well-being interventions from across 
disciplines and domains. Prior research has also been constrained 
by pairwise meta-analyses, which only allows the comparison of two 
interventions. The aim of the present study is to conduct a systematic 
review and network meta-analysis (NMA) to investigate the compara-
tive effectiveness of multiple well-being-focused interventions includ-
ing psychological interventions, exercise, social identity-building 
and nature-based interventions in a single analysis. We also aim to 
determine whether interventions which target multiple domains (for 
example, exercise performed in nature or combined with a psychologi-
cal intervention) are more effective than those with a single focus. To 
enhance the scope of this research we focus on general population 
samples rather than specific clinical groups. We acknowledge the 
general population may however span individuals who are flourishing, 
languishing or experiencing subclinical symptoms or psychological 
distress48. This supports our aim of maintaining methodological rigour, 
in addition to increasing generalizability of findings and identifying 
scalable, preventative approaches with potential to positively shift 
the distribution of well-being at scale49.

Results
Results of the search and included studies
Searches returned 9,105 unique studies, of which 183 randomized con-
trolled trials (RCTs) including 22,811 adult participants were used in 
the final NMA (see Fig. 1 for PRISMA flowchart). The mean age of the 
participants was 38.30 years (range 18–82 years). Studies took place 
either at universities (39%), workplaces (27%), communities (22%) or 
online (12%), and 79% of studies were conducted in western countries. 
The most frequently reported countries were the USA (25%), China 
(8%), the UK (7%), Australia (6%) and Spain (5%). Demographic report-
ing across included trials was incomplete. Only approximately half 
of studies reported participant sex, typically comprising a slightly 
higher proportion of women, and very few studies reported participant 
ethnicity, with inconsistent categories. A table summarizing study 
characteristics in addition to a list of references can be found in the 
Supplementary Information.

In terms of individual study bias risk assessment, the randomiza-
tion process was found to have a low risk of bias in 81% of the studies 
(criteria 1.0). Only 24% of the studies had a low risk of bias on deviations 
from intended interventions (criteria 2.0), mainly due to insufficient 
information regarding trial protocols, and 73% were rated as having 
a low risk of bias due to missing outcome data (criteria 3.0), whereas 
only 33% conducted intention-to-treat analysis. A total of 44% were 
deemed to have a low risk of bias in outcome measurement (criteria 
4.0), and only 31% had a low risk of bias in the selection of reported 
results (criteria 5.0), with many lacking information on a prespecified 
analysis plan. Overall, 12 studies (7%) were classified as ‘low risk’, 61 
(33%) were categorized as having ‘some concerns’ and 110 (60%) were 
classified as ‘high risk’. A summary table of risk of bias classifications 
can be found in the Supplementary Information.

Global health is increasingly shaped by interrelated challenges 
including the rise of non-communicable diseases1–3, widening health 
inequalities4–6 and the accelerating impacts of climate change7–9. In 
response, there is growing recognition that enhancing well-being across 
individuals, communities, and ecosystems provides an integrative 
strategy for addressing pressing issues10–12. Traditionally, health inter-
ventions have targeted illness and dysfunction, yet, a growing body of 
research links the promotion of well-being to improved public health 
outcomes13,14, greater resilience15, prevention of mental disorders16, 
stronger social bonds17 and increased sustainable behaviours18. How-
ever, the relative effectiveness of different well-being-focused inter-
ventions across disciplines remains unclear.

Substantial research in the field of well-being has centred on psy-
chological interventions explicitly designed to enhance well-being 
through positive psychology interventions (PPIs)19–22. However, despite 
evidence that factors such as exercise, nutrition and sleep substantially 
impact mental health23–25, physical health-focused interventions are 
often studied separately from psychological well-being interventions. 
Well-being science has also faced criticism for focusing too closely 
on the individual, with less consideration for the social and environ-
mental contexts in which the individual is embedded26. In response to 
these criticisms, a need arose for a framework to consolidate existing 
scholarly literature, multidisciplinary research and diverse theories 
into an integrated model. A framework was required to consider the 
interaction between mind and body, potential physiological underpin-
nings of well-being and broader collective and environmental context 
beyond the individual. Meeting this need, the GENIAL theoretical 
framework was developed to offer a structured approach to under-
standing well-being by integrating multiple disciplinary perspectives. 
The GENIAL model is a theoretical, interdisciplinary framework of the 
well-being literature27–30. The framework summarizes the key determi-
nants of well-being relating to the individual (the importance of both 
mind and body connection including emotional regulation, sense of 
meaning and purpose and health behaviours), the community (includ-
ing social connection, social cohesion and social capital) and the planet 
(connection to nature and sustainable practices). We have summarized 
well-being as a connection to the self, others and planet31. This holistic 
definition is supported by evidence demonstrating the efficacy of 
well-being-promoting interventions from across disciplinary domains 
including psychological interventions19, exercise32, social support33 
and nature connection34.

Psychological well-being interventions typically encompass 
techniques such as cultivating gratitude, promoting acts of kindness, 
compassion, character strengths, mindfulness and acceptance and 
commitment therapy22. Several pairwise meta-analyses have sought 
to assess the pooled effectiveness of psychological interventions in 
improving well-being outcomes19–22. The findings have shown a range of 
results, with effect sizes spanning from r = 0.10 (ref. 22) to g = 0.39 (ref. 
20). Notably, one meta-analysis highlighted that mindfulness-based 
interventions (g = 0.42) and multicomponent positive psychological 
interventions (g = 0.28) had the strongest effects19. Generally, these 
psychological interventions tend to show effect sizes within the small 
to medium range and are influenced by various factors, including the 
specific target population, the intensity of the intervention and the 
mode of delivery19.

However, psychological interventions represent just one 
approach to promoting well-being, and they are often studied sepa-
rately from interventions in other domains. One example is evidence 
indicating that physical activity makes an important contribution 
to well-being. Meta-analyses have found a medium-sized effect of 
exercise on subjective well-being (d = 0.36)32, and leisure-time physi-
cal activity is also associated with positive affect (r = 0.21) and life 
satisfaction (r = 0.12)25. Developments in well-being science have 
also underscored the value of interventions targeting organizations, 
groups and communities35, with robust evidence demonstrating the 
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Network geometry
The most frequently reported active interventions were 
mindfulness-based Interventions (n = 72), followed by exercise-based 
interventions (n = 33) and combined theoretical psychological inter-
ventions (n = 25). Table 1 describes the node labels and the number of 
study arms included for each intervention.

Some studies (n = 66) or study arms (n = 34) were excluded from 
the NMA following data extraction. For example, on occasion, inter-
ventions being compared across multiple arms of the same RCT were 
not distinct enough to be classified as separate nodes (for example, 
full versus partial interventions or three good things versus grati-
tude intervention). In these instances, intervention arms which most 
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Studies screened (n = 9,105)

Studies assessed for eligibility (n = 646)

References removed (n = 4,314)
Duplicates identified manually (n = 133)
Duplicates identified by Covidence (n = 4,181)

Studies excluded (n = 8,453)

Studies excluded (n = 399)

• Secondary analysis (n = 2)

• Unable to retrieve data (n = 6)

• Participants under 18 years (n = 21)
• No appropriate comparator (n = 41)

• Unable to obtain full text (n = 1)

• Not peer-reviewed full text (n = 28)

• Wellbeing outcome is missing (n = 54)

• Took place in clinical setting (n = 14)

• No appropriate intervention used (n = 47)

• Described as having disease or injury (n = 45)

• Study is not a randomized controlled trial (n = 31)

• Not available in English or German language (n = 4)

• Feasibility study only—no outcome measures 
reported (n = 1)

• Participants described as mental disorder or 
distress (n = 43)
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References from databases/registers (n = 13,420)

Studies included in final NMA (n = 183)

Studies excluded from NMA (following extraction) 
(n = 66)  
• Psychological intervention not based on 

evidence-based model, for example, CBT or positive
psychology (n = 4)

• No other studies with similar intervention, could 
not form a node (n = 28)

• Intervention too varied to fit category (n = 2)
• Crossover design (n = 2)
• Following iteration discussions, study nodes 

were removed due to lack of transitivity (n = 30)

Fig. 1 | PRISMA flow diagram of the study selection.
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closely fitted the other interventions in an existing node were included, 
whereas others were excluded. For example, for the single PPIs node, 
‘three good things’ or ‘character strength’ intervention arms were 
chosen over less-standard PPIs, such as ‘three funny things’. When 
an intervention did not clearly fit into any node categories and there 
were not enough studies to create a new, distinct node, the arm or full 
study was excluded from NMA, for example, ‘mindful-compassion 
art-based therapy’.

Following assessment of transitivity and local inconsistency, fur-
ther nodes (for example social interventions, reminiscence interven-
tions and cogntitive behavioural therapy (CBT)) had to be excluded 
from NMA. In addition, some nodes had to be redefined using a tighter 
description to reduce heterogeneity (see Supplementary Information 
for a detailed rationale of network geometry adaptations made based 
on initial transitivity assessments).

The final network (Fig. 2) contained 183 studies, 28 direct com-
parisons, 38 indirect comparisons and 12 interventions. The network 
was well connected and had only one subnetwork. Acceptance and 
commitment therapy (ACT) and nature-based interventions (NAT) were 
not very strongly attached to the network, as they were compared with 
control conditions only.

Transitivity and consistency
For transitivity, a visual inspection of the distribution of potential effect 
modifiers (Supplementary Information) indicated that, occasionally, 
characteristics (for example setting, intensity, delivery and format) 
were sometimes distributed differently across comparisons in the 
network. However, overall, the variations in the distribution of effects 
were not substantial, prompting us to proceed with a statistical exami-
nation of inconsistency.

In the final assessment of local inconsistency using the node split-
ting method (SIDE) (Supplementary Information), no comparisons 
were statistically significant, indicating no inconsistency between 
direct and indirect estimates.

For the assessment of global inconsistency, the analysis found that 
there was inconsistency in the network (τ² = 0.114; τ = 0.338; I² = 74.2%, 

Q = 65.59, P < 0.001), meaning the results varied across different com-
parisons. However, when a random-effects model was used (allowing 
full design-by-treatment interactions), the inconsistency dropped and 
was no longer statistically significant (Q = 16.53, degrees of freedom 
of 27, P = 0.942). This suggests that the random-effects model helped 
account for inconsistency between studies in the network.

NMA results
In the NMA, nearly all active interventions (except nature-based 
interventions) significantly outperformed control, with no consist-
ent evidence that psychological approaches (for example, mindful-
ness, compassion and PPIs) differed significantly from one another 
(Fig. 3). The only significant comparison between active interventions 
showed physical exercise combined with psychological intervention 
(EXPSY) being superior to nature-based interventions (standardized 
mean difference (s.m.d.) of 0.69, 95% confidence interval (CI) 0.06 to 
1.31) (Table 2).

Treatment ranking
According to P-score estimates (Fig. 4), physical exercise combined 
with psychological intervention (EXPSY), yoga (YOGA), mindfulness 
(MIND), compassion-based interventions (COMPAS), exercise (EX), 
single PPIs (PPI), multitheoretical psychological interventions (COMB) 
and acceptance and commitment therapy (ACT) were ranked as the 
most effective treatments.

Additional analyses using meta-regression
We examined whether study or intervention characteristics moderated 
well-being outcomes using univaritate mixed-effect meta-regression 
analysis. Intervention intensity significantly moderated effects (F(3, 
167) = 4.38, P = 0.005). Medium-length interventions (5–8 weeks) 
produced significantly stronger effects than short interventions 
(2–4 weeks) (β = 0.35, 95% CI 0.56 to 0.15, P < 0.001). No evidence of 
moderation was found for delivery mode (F(3, 163) = 0.47, P = 0.70), 
format (F(1, 167) = 0.65, P = 0.42), study setting (F(3, 166) = 1.14, P = 0.33), 
country (F(1, 168) = 0.98, P = 0.32) or mean participant age (β = 0.002, 
95% CI −0.004 to 0.007, P = 0.62). Full model coefficients and 95% con-
fidence intervals are provided in Supplementary Table 3.1.

To examine whether moderator effects differed across inter-
vention types, we conducted exploratory intervention × moderator 
interaction models that were restricted to four well-represented inter-
ventions (mindfulness, exercise, combined psychological interven-
tions and single PPIs).

No significant interactions were detected for delivery mode (F(7, 
106) = 0.15, P = 0.99), format (F(7, 116) = 0.15, P = 0.99) or study country 
(F(7, 117) = 0.16, P = 0.99). For intervention intensity, the overall interac-
tion model reached significance (F(12, 110) = 2.27, P = 0.013; R² = 11.9%). 
However, most contrasts were non-significant with wide confidence 
intervals. The only statistically significant effect suggested that 
medium-length exercise interventions were less effective than short 
exercise interventions (β = −1.18, 95% CI −2.25 to −0.12, p = .03). Given 
the sparse data, this isolated finding should be interpreted cautiously 
and regarded as exploratory. Full model results, including all interac-
tion estimates and 95% CIs, are provided in Supplementary Table 3.2.1.

Sensitivity analysis using alternative NMA models
Full sensitivity analyses are provided in Supplementary Informa-
tion 4. Moderator-based sensitivity checks using mixed-effects 
meta-regressions showed no significant moderation by outcome 
measure type (F(3, 169) = 1.08, P = 0.36), control group type (F(1, 
170) = 0.00, P = 0.98) or risk-of-bias category (F(2, 170) = 1.78, P = 0.17) 
(Supplementary Table 4.1.1).

Full NMA analyses were also conducted (see the Supplementary 
Information for full sensitivity analysis results) using four alterna-
tive models: (1) excluding studies with high risk of bias, (2) using 

Table 1 | Summary of intervention nodes included in 
the NMA

Node label Intervention brief description N study 
arms 
included

C No intervention control—includes passive control 
(for example, sit still), no intervention and waitlist 
and treatment as usual

162

MIND Mindfulness-based approaches 72

EX Exercise-based intervention 33

COMB Multitheoretical psychological intervention 
(for example, combination of CBT, PPI and 
mindfulness). Clear psychological paradigms 
combined into one

25

PPI Single PPI (for example, three good things, 
character strengths or best possible self)

20

COMPAS Compassion-focused therapy 17

ED Educational programme or resources (for 
example, psychoeducation or health behaviour 
education)

15

YOGA Yoga 14

MPPI Multicomponent PPI 8

ACT Acceptance and commitment therapy 5

NAT Nature interventions 4

EXPSY Physical movement combined with a 
psychological intervention (excludes yoga)

3
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subjective well-being as only outcome measure, (3) excluding small 
studies (defined as studies with included arms totalling an Nsize smaller 
than the lower quartile of included studies: n = 45) and (4) with the 
inclusion of grey literature. Exercise with psychological intervention 
(EXPSY), yoga (YOGA) mindfulness (MIND) and compassion (COM-
PAS) were consistently ranked in the top five interventions across all 
sensitivity analyses.

When analyses were restricted to studies using subjective 
well-being as the sole outcome, results were highly consistent with 
the main NMA: most treatment rankings remained stable, and the same 

interventions remained significantly more effective than controls. 
Excluding small-sample studies (n < 45 per trial) yielded findings con-
sistent with the main analysis, with all primary intervention rankings 
preserved and effect sizes varying minimally. In the model excluding 
studies at high risk of bias, multicomponent PPIs (MPPI) were no longer 
statistically significant compared with controls (s.m.d. = 0.26, 95% CI 
−0.12 to 0.63, P = 0.19).

ACT was the only intervention showing substantial varia-
tion in ranking across sensitivity analyses. Its estimated effect 
size increased from s.m.d. = 0.39 (95% CI 0.03 to 0.75) in the main 

Acceptance and
commitment

Combined psych

Compassion

Control

Educational

Exercise

Exercise and
psychological

Mindfulness

MPPI

Nature

Single PPI

Yoga

Fig. 2 | Network plot of intervention comparisons. The node size reflects the number of participants, and the edge thickness indicates the number of direct trials 
comparing the two connected interventions. ‘C’ refers to control arms.

Treatment

Exercise and psychological
Yoga
Mindfulness
Compassion
Exercise
Single PPI
Combined psych
Acceptance and commitment
MPPI
Educational
Nature

–1 –0.5 0 0.5 1

Well-being: e ect size

Favours no
treatment control

Favours
treatment

Comparisons

1
12
65
15
23
18
21
5
8
1
4

s.m.d.

0.73 (0.27 to 1.20)
0.49 (0.26 to 0.73)
0.44 (0.35 to 0.54)
0.45 (0.26 to 0.63)
0.42 (0.26 to 0.57)
0.41 (0.23 to 0.58)
0.40 (0.23 to 0.56)
0.39 (0.03 to  0.75)
0.31 (0.04 to 0.58)
0.26 (0.04 to 0.47)
0.05 (–0.38 to 0.47)

95% CI P score

0.92
0.73
0.66
0.65
0.59
0.56
0.54
0.54
0.38
0.28
0.12

Participants

106
329

4,610
1,019
1,778
1,435
1,281
753
441

2,160
123

Fig. 3 | Forest plot of NMA pooled estimated effect sizes for each intervention (NMA primary model). The s.m.d. with 95% confidence intervals are shown. The 
interventions are ranked by Pscore (higher is more effective).
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model to an s.m.d. of 0.50 (95% CI 0.19 to 0.81; second rank) in the 
subjective-well-being-only model and s.m.d. of 0.51 (95% CI 0.24 to 
0.78; fifth rank) in the low–medium-risk-of-bias model. However, when 
small studies were excluded, ACT was no longer statistically different 
from control (s.m.d. of 0.22, 95% CI −0.07 to 0.50; tenth rank). These 
shifts suggest that ACT estimates were most affected by study quality 
and sample size. Possible causes of these discrepancies are explored 
in the discussion.

In addition, we conducted a sensitivity analysis including seven 
unpublished trials identified through targeted grey literature searches 
(one unpublished clinical trial and six dissertations/theses), adding a 
further 709 participants across mindfulness, compassion, exercise 
and ACT interventions (Supplementary Information). These studies 
met all other eligibility criteria. The results were highly consistent with 
the primary NMA: effect size estimates shifted only minimally (≤0.03), 
no interventions changed statistical significance and only minor shifts 
were observed in ranking.

Certainty of evidence
Regarding certainty of evidence, 71% of comparisons were rated as mod-
erate, 26% of comparisons were rated as low and 3% comparisons were 
rated as very low. The certainty of evidence for each network estimate 
is reported in the Supplementary Information. There is no clear trend 
regarding which intervention comparisons contain low or very low 
certainty of evidence, suggesting bias is moderately evenly distributed.

Publication bias
The funnel plot of direct comparisons versus control showed asym-
metry, with effect sizes tending to increase as standard error rose 
(Supplementary Information). Egger’s regression test confirmed sig-
nificant funnel plot asymmetry both when only published studies were 
considered (t(206) = −4.16, p < 0.001, bias estimate of −1.20, s.e. of 
0.29) and when grey literature was added (t(213) = −3.98, P < 0.001, bias 
estimate of −1.14, s.e. of 0.29). The inclusion of grey literature slightly 
attenuated the estimated bias but did not alter the overall conclusion. 
However, given that sensitivity analyses excluding studies with high risk 
of bias and small sample sizes yielded results highly consistent with the 
main network model, overall conclusions were unlikely to have been 
substantially influenced by publication bias.

Discussion
This NMA aims to advance the understanding of the relative impacts 
of well-being interventions, a topic of great research interest and 
debate20,50–52. Our analysis synthesized evidence from 183 RCTs on 
psychological interventions, exercise and nature-based interventions 
into a single analytical framework. Interventions combining exercise 
and psychological interventions (EXPSY) showed the highest effect size 
(s.m.d. of 0.73, 95% CI 0.27 to 1.20), although based on few studies with 
high confidence intervals. Yoga, mindfulness and compassion-based 
and positive psychological interventions (s.m.d. of 0.41–0.49) all dem-
onstrated consistent high rankings and moderate effect sizes with 

Table 2 | League table comparing effect sizes from network pooled estimate versus direct evidence

Treatment ACT C COMB COMPAS ED EX EXPSY MIND MPPI NAT PPI YOGA

ACT ACT 0.39
(0.03 to 
0.75)

– – – – – – – – – –

C 0.39
(0.03 to 
0.75)

C −0.40
(−0.58 to 
−0.22)

−0.47
(−0.67 
to−0.26)

−0.11
(−0.87 to 
0.65)

−0.38
(−0.56 to 
−0.20)

−0.83
(−1.72 to 
0.07)

−0.45
(−0.55 to 
−0.34)

−0.31
(−0.59 to 
−0.03)

−0.05
(−0.47 to 
0.38)

−0.40
(−0.59 to 
−0.22)

−0.44
(−0.70 to 
−0.18)

COMB −0.01
(−0.40 to 
0.39)

−0.40
(−0.56 to 
−0.23)

COMB – 0.11
(−0.32 to 
0.55)

−0.15
(−0.91 to 
0.61)

– 0.03
(−0.58 to 
0.63)

– – – –

COMPAS −0.05
(−0.46 to 
0.35)

−0.45
(−0.63 to 
−0.26)

−0.05
(−0.30 to 
0.20)

COMPAS – 0.07
(−0.67 to 
0.81)

– 0.07
(−0.73 to 
0.87)

−0.08
(−0.89 to 
0.73)

– −0.17
(−0.71 to 
0.37)

–

ED 0.13
(−0.28 to 
0.55)

−0.26
(−0.47 to 
−0.04)

0.14
(−0.10 to 
0.39)

0.19
(−0.10 to 
0.47)

ED −0.27
(−0.63 to 
0.09)

– −0.09
(−0.44 to 
0.26)

– – −0.01
(−0.92 to 
0.91)

–

EX −0.03
(−0.42 to 
0.36)

−0.42
(−0.57 to 
−0.26)

−0.02
(−0.23 to 
0.19)

0.03
(−0.21 to 
0.26)

−0.16
(−0.39 to 
0.07)

EX −0.32
(−0.80 to 
0.16)

−0.13
(−1.02 to 
0.76)

– – – −0.17
(−0.68 to 
0.34)

EXPSY −0.34
(−0.93 to 
0.24)

−0.73
(−1.20 to 
−0.27)

−0.34
(−0.82 to 
0.15)

−0.29
(−0.79 to 
0.21)

−0.48
(−0.98 to 
0.02)

−0.32
(−0.77 to 
0.13)

EXPSY 0.17
(−0.72 to 
1.05)

– – – –

MIND −0.05
(−0.42 to 
0.32)

−0.44
(−0.54 to 
−0.35)

−0.05
(−0.23 to 
0.14)

0.00
(−0.21 to 
0.21)

−0.19
(−0.41 to 
0.03)

−0.03
(−0.20 to 
0.15)

0.29
(−0.18 to 
0.76)

MIND – – 0.16
(−0.47 to 
0.79)

0.04
(−0.65 to 
0.73)

MPPI 0.08
(−0.36 to 
0.53)

−0.31
(−0.58 to 
−0.04)

0.09
(−0.23 to 
0.40)

0.14
(−0.18 to 
0.46)

−0.05
(−0.40 to 
0.29)

0.11
(−0.20 to 
0.42)

0.43
(−0.11 to 
0.96)

0.13
(−0.15 to 
0.42)

MPPI – −0.18
(−0.90 to 
0.55)

–

NAT 0.34
(−0.21 to 
0.90)

−0.05
(−0.47 to 
0.38)

0.35
(−0.10 to 
0.80)

0.40
(−0.06 to 
0.86)

0.21
(−0.27 to 
0.69)

0.37
(−0.08 to 
0.82)

0.69
(0.06 to 
1.31)

0.40
(−0.04 to 
0.83)

0.26
(−0.24 to 
0.76)

NAT – –

PPI −0.01
(−0.41 to 
0.38)

−0.41
(−0.58 to 
−0.23)

−0.01
(−0.25 to 
0.23)

0.04
(−0.21 to 
0.29)

−0.15
(−0.42 to 
0.12)

0.01
(−0.22 to 
0.24)

0.33
(−0.17 to 
0.82)

0.04
(−0.16 to 
0.23)

−0.10
(−0.41 to 
0.21)

−0.36
(−0.82 to 
0.10)

PPI –

YOGA −0.10
(−0.53 to 
0.33)

−0.49
(−0.73 to 
−0.26)

−0.10
(−0.38 to 
0.19)

−0.05
(−0.35 to 
0.25)

−0.24
(−0.55 to 
0.08)

−0.08
(−0.34 to 
0.19)

0.24
(−0.27 to 
0.75)

−0.05
(−0.30 to 
0.20)

−0.18
(−0.54 to 
0.17)

−0.45
(−0.93 to 
0.04)

−0.09
(−0.38 to 
0.20)

YOGA

The upper triangle represents the direct pairwise meta-analyses (s.m.d. and 95% CIs). The lower triangle represents the NMA estimates (pooled estimates from direct and indirect evidence) 
(s.m.d. and 95% CIs). The bolded values are the statistically significant differences (P < 0.05). 
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greater precision. Exercise also showed comparable effects (s.m.d. of 
0.42, 95% CI 0.26 to 0.57) to conventional psychological interventions.

The combination of exercise and psychological interventions 
node (EXPSY) included three interventions: awe walks53, meditation 
combined with brisk walking54 and walking groups with positive psy-
chology coaching55. This finding should be interpreted with caution as 
out of only three studies, two have a high risk of bias, and the pooled 
effect size showed wide confidence intervals (s.m.d. of 0.73, 95% CI 
0.27 to 1.20). Only one of these studies provided a direct compari-
son with control, but as this was a brief 10-min intervention in young 
adults, its generalizability is limited54. Most comparisons, however, 
were rated as moderate in certainty using CINEMA. All interventions 
involved walking, which minimized heterogeneity between interven-
tions but restricts generalizability to other exercise types. Despite these 
limitations, the consistent high ranking of the node across analyses 
suggests that integrated psychological interventions with physical 
exercise hold promise and should be prioritized in future RCTs using 
longer-term interventions, varied exercise modalities and different 
psychological techniques.

Exercise alone also showed a moderate effect size (s.m.d. of 
0.42, 95% CI 0.26 to 0.57) comparable to those of established psy-
chological approaches (for example, positive psychological and 
compassion-based interventions). This should not be interpreted as 
evidence that movement can substitute for psychological care, rather, 
it suggests multiple viable pathways exist for enhancing well-being, 
supporting personalized intervention approaches that consider 
individual preferences, capabilities and circumstances. This robust 
effect also further supports the rationale for combining exercise with 
psychological approaches.

Mind–body interventions demonstrated consistently strong 
effects. Mindfulness (s.m.d. of 0.44; 95% CI 0.35 to 0.54) was supported 
by the most extensive evidence base: 65 direct head-to-head com-
parisons and relatively stable effects across sensitivity analyses. Yoga 
also ranked highly, though the evidence base was less precise (s.m.d. 

of 0.49; 95% CI 0.26 to 0.73) and derived from fewer participants and 
comparisons. Yoga is traditionally understood as encompassing more 
than physical postures (āsana), typically integrating dhyāna (medita-
tive practice) and prāṇāyāma (breath regulation)56, which situates 
it conceptually close to mindfulness interventions. Mindfulness is 
also a core component of compassion-focused interventions, and 
similarly, compassion is explicitly targeted in most structured mind-
fulness courses, as both approaches stem from Buddhist philosophy 
where they are seen as mutually dependant practices57,58. Across diverse 
modalities, the cultivation of mindfulness (whether through medita-
tion, present-moment awareness, fostering acceptance or embodied 
practices) emerged as a shared feature. Rather than being viewed 
as competing, these findings suggest this family of contemplative 
interventions collectively hold promise for promoting well-being 
and reinforce the large body of work supporting the effectiveness of 
mindfulness-based approaches59–61.

The variability in ACT’s effectiveness across sensitivity analyses 
was largely driven by one study: Danitz62. This high-risk-of-bias trial 
measured well-being with the Philadelphia Mindfulness Scale, which 
includes ‘awareness’ and ‘acceptance’ subscales. We extracted the 
‘awareness’ subscale, which aligned more closely with our ‘positively 
framed’ definition of well-being, but ACT only significantly improved 
‘acceptance’, while baseline imbalances biased the awareness scores in 
favour of the control group, artificially lowering ACT’s effect. Danitz62 
was excluded from sensitivity analyses removing high-risk which raised 
ACT’s effect size from s.m.d. of 0.37 to 0.46 and improved its ranking 
from seventh to fourth. However, in further analysis that excluded 
small studies, the Danitz study remained in the analysis, suppressing 
the overall estimate and rendering it non-significant. Importantly 
however, our main effect estimate (s.m.d. of 0.39; 95% CI 0.03 to 0.75) 
aligns similarly with that from a large (N = 1,162) ACT trial63 with a low 
risk of bias (d = 0.37, 95% CI 0.26 to 0.49). Therefore, we consider our 
main NMA estimate for ACT and its relative effectiveness to be valid. 
One interpretation could be that ACT’s comparatively smaller effect 
on well-being may potentially reflect its stronger cognitive focus and 
less emphasis on sustained contemplative, embodied or positive 
affect-generating practices that characterize mindfulness, yoga and 
compassion-based interventions.

MPPIs had a smaller effect size and ranked lower in our NMA than 
individual PPIs, with the ‘Three Good Things’ gratitude intervention 
being prominently featured within the single PPI category. This contra-
dicts the findings of a large meta-analysis19, which favoured MPPIs over 
single PPIs. A potential explanation for this is that our analysis included 
a study which directly compared a PPI with a MPPI and reported no sig-
nificant difference in their efficacy on well-being64. The slightly larger 
effect size estimate for single PPIs in our analysis, however, should 
not necessarily support a clinical preference for them over MPPIs. We 
found no statistically significant difference between single and MPPIs 
(Table 2) and overlapping confidence intervals suggest contextual fac-
tors will probably play a vital role in intervention selection65.

Contrary to expectations, nature-based interventions did not sig-
nificantly outperform controls. However, this finding should be inter-
preted cautiously. The nature-based node, similarly to ACT, was weakly 
integrated within the broader network and its estimate was based 
largely on indirect evidence, as trials only compared against control 
conditions. Studies in this group were small, at moderate-to-high risk 
of bias and conceptually diverse, ranging from horticultural therapy to 
nature photography. While all took place in natural environments, they 
varied widely in their psychological aims, delivery formats and thera-
peutic mechanisms. This conceptual heterogeneity probably diluted 
the pooled effect estimate and limits interpretability. To improve clarity 
in future research, we suggest defining nature-based interventions not 
merely by setting but by whether they actively cultivate nature connect-
edness as a psychological mechanism. Growing evidence suggests that 
interventions designed to deepen emotional and sensory engagement 
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with nature, rather than simply providing exposure are more effec-
tive in promoting well-being and encouraging pro-environmental 
behaviour46,66. Future trials and reviews should explicitly distinguish 
between these approaches.

Our protocol defined social identity-building interventions as those 
aiming to form or strengthen a shared sense of group identity or belong-
ing, grounded in social identity theory36. In practice, however, identify-
ing suitable RCTs proved challenging. Few studies explicitly referenced 
‘social identity’, and those that were potentially eligible varied widely in 
content including discussions of current events67, reminiscence groups68, 
parenting workshops69 and emotional peer support70, making it difficult 
to define a conceptually coherent node. Moreover, nearly all studies in 
this category were conducted with older adult populations, whereas 
other intervention types typically involved mixed-age samples. Given 
that NMA assumes a comparable distribution of effect modifiers across 
nodes, this demographic imbalance violates the assumption of transitiv-
ity. For these reasons, we excluded social identity-building interventions 
from the final network. Future research would benefit from more explicit 
operationalization of social identity mechanisms and clearer reporting 
of group dynamics within interventions.

Regarding potential limitations, the strength of our NMA depends 
on the quality of the included RCTs and is therefore shaped by limi-
tations common to well-being intervention research. Many studies 
provided only immediate postintervention outcomes, thus long-term 
follow-up effects could not be analysed due to sparse data. Moreo-
ver, we observed a high risk of bias in many trials. Only 33% of studies 
employed intention-to-treat analyses, and we observed asymmetry 
in the funnel plot, suggesting potential publication bias. To mitigate 
these concerns and enhance reliability, we restricted inclusion to RCT 
designs and validated well-being measures. Sensitivity analyses (Sup-
plementary Information), including the exclusion of high-risk and 
small sample studies, the addition of grey literature trials and models 
restricted to subjective well-being outcomes, all produced results 
consistent with the main model. This consistency across all sensitivity 
checks increases confidence in the findings.

In addition, since few interventions across domains had been tested 
head-to-head, many comparisons in our network relied on indirect 
evidence. While this is a strength of NMA (allowing comparisons across 
interventions without direct trials), the overall strength of evidence 
remains dependent on the quality and connectedness of studies, which 
varied across intervention nodes. Critically however, the assumption of 
transitivity was met and no significant inconsistency between direct and 
indirect estimates in the final network model was found (Supplemen-
tary Information), strengthening confidence in our pooled estimates.

We initially considered a component NMA71,72 to examine the addi-
tive effects of intervention components (for example, mindfulness and 
exercise). However, this approach was not viable due to limited com-
ponent overlap, poor reporting of intervention content and a lack of 
multicomponent designs. For example, only three studies met criteria 
for the ‘exercise and psychological’ intervention node, each with dif-
fering content. These limitations led us to adopt a standard NMA with 
designated nodes for multicomponent interventions where feasible. 
Future studies which explore multicomponent and cross-discipline 
interventions with clearer reporting could support the component 
NMA and help identify active ingredients across intervention types.

By targeting general population samples rather than clinical 
groups, we focus on scalable well-being interventions that can benefit 
individuals across the entire well-being spectrum. The methodological 
decision to exclude clinical samples, while preserving network tran-
sitivity assumptions, means our findings are applicable to universal 
well-being promotion efforts from supporting those experiencing 
subclinical distress to optimizing well-being in already flourishing 
individuals. This broad applicability, combined with our transdiscipli-
nary approach spanning psychological, physical and environmental 
interventions, offers evidence for preventive mental health strategies 

at a time when global challenges increasingly demand resilient and 
adaptive populations capable of thriving amid uncertainty.

Conclusion
This NMA offers a synthesis of well-being-focused interventions from 
183 RCTs spanning psychological, physical, environmental and integra-
tive approaches. Our findings support the effectiveness of established 
psychological interventions including mindfulness, compassion-based 
therapies and positive psychology approaches. The comparable effec-
tiveness of exercise and yoga with traditional psychological well-being 
interventions highlights multiple potential pathways to well-being 
promotion, underscoring the importance of interdisciplinary thinking 
in both research and policy. Interventions combining physical activ-
ity with psychological strategies showed the largest effects, though 
this finding is based on only three studies and requires replication in 
adequately powered trials. The consistent effectiveness of mind–body 
interventions such as mindfulness, compassion-focused interventions 
and yoga suggests these interventions share components such as con-
templative practice and embodied regulation that support well-being. 
Our main conclusions remained stable across multiple sensitivity analy-
ses. Persistent methodological and conceptual limitations in well-being 
science highlight the need for future RCTs to be well-powered, trans-
parently reported and for interventions to integrate transdisciplinary 
dimensions of well-being. The next step is to continue to translate 
intervention evidence from well-being and contemplative sciences 
into policies and systems that promote equitable, population-level 
access to effective approaches for enhancing well-being.

Methods
Protocol and registration
This review was preregistered in March 2023 on PROSPERO 
(CRD42023403480), where the study design, inclusion criteria, out-
come measures and use of NMA were prespecified. No deviations from 
the registered protocol occurred. The development and refinement of 
intervention nodes based on the data extracted are fully documented 
in the Supplementary Information.

Selection of studies and data extraction
We conducted systematic searches of MEDLINE, PsycINFO, CENTRAL 
and Scopus from database inception to March 2023. Search terms 

Table 3 | Eligibility criteria based on PICOS framework

Inclusion criteria Exclusion criteria

Population Adults >18 years old Participants under 18 years old
Participants described as 
having a specific condition, 
disease or dysfunction

Intervention Psychological 
interventions, exercise, 
social support 
or nature-based 
interventions. Can be 
online, in-person or hybrid

Pharmacological or drug 
treatment arms

Comparison A randomized controlled 
‘eligible’ intervention or no 
intervention or a waitlist 
control

No randomly assigned control 
condition

Outcome Well-being (primary 
outcome)

Single item measures of 
well-being. Studies which 
solely define well-being as 
reduction of ill-being (for 
example reduced anxiety 
scores)

Study type RCTs Observational studies, 
non-randomized trials and 
unpublished trials
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combined keywords and subject headings related to well-being (for 
example, well-being, positive affect and resilience), interventions (for 
example, mindfulness, exercise, yoga, nature and positive psychol-
ogy) and study design (for example, randomized controlled trial and 
clinical trial). Boolean operators (AND, OR) and database-specific 
filters for human participants and adults were applied. Reference 
lists of eligible studies and relevant reviews were also screened for 
additional trials. Full search strategies for each database are provided 
in the Supplementary Information.

References were managed using Covidence (https://www.covi-
dence.org/). Titles and abstracts were screened independently by three 
reviewers (A.G., I.G. and S.K.). Those titles and abstracts which resulted 
in disagreements were automatically included for full-text screening. 
Reviewers also screened the full texts according to eligibility criteria 
and recorded reasons for exclusions. Disagreements during full text 
screening were resolved by discussion or by the first author (L.W.). The 
data were extracted using a custom form on Covidence which was then 
checked for accuracy by L.W.

Data extraction included detailed information about study and 
participant characteristics, intervention content and outcomes. For 
each trial, data were recorded for up to four intervention arms, captur-
ing delivery mode (for example, in-person, online and self-guided), 
format (group, individual or both), duration, frequency and total num-
ber of sessions, along with a brief description of content. Participant 
data included sample size, mean age, gender distribution, recruitment 
method and any exclusion criteria related to mental or physical health.

Pre- (baseline) and postintervention well-being scores were used; 
follow-up data were also extracted where reported. Where studies 
assessed well-being through multiple measures (for example, subjec-
tive well-being, positive affect and resilience), all eligible outcomes 
were extracted, and subjective well-being was prioritized for synthesis. 
The preferred choice of extraction for outcome measures were means 
and standard deviations. When possible, these were calculated using 
alternative reported statistics, or study authors were contacted (and 
followed up at least once) via email to request missing data. Studies 
were excluded if no response was received by time of data analysis. 
Methodological quality of included randomized control studies were 
assessed using the revised Cochrane risk-of-bias tool for randomized 
trials (RoB 2) by at least one reviewer and was checked for accuracy by 
the first author. Any disagreements were resolved via discussion with 
wider review team.

Eligibility criteria
Eligibility criteria were developed using the PICOS framework and are 
summarized in Table 3. We included RCTs (both parallel and cluster) 
published in peer-reviewed academic journals. A supplementary sensi-
tivity analysis was later conducted including additional grey literature 
trials (Supplementary Material). Publication date could be any time 
before search. Participants had to be aged 18 years or older and not 
described as having a diagnosable condition, disease or dysfunction or 
receiving medical treatment for a disease at the time of study. Studies 
had to deliver at least one intervention described as being a psychologi-
cal intervention, exercise intervention, social identity or social support 
intervention, a nature-based intervention or contain a combination of 
these. They could be either individual or group format and could be 
delivered face to face, online or hybrid. Every study arm was assessed 
independently against PICOS eligibility criteria (Table 3). Interventions 
could either be compared with a second eligible intervention or a no 
intervention or waitlist control group. Studies in English or German 
language could be included.

Outcome measures
The primary outcome for this study was psychological well-being, 
defined as the presence of positive or adaptive characteristics such as 
measures of subjective well-being, life satisfaction, happiness, positive 

affect, resilience or flourishing. Acknowledging that these character-
istics may vary, ‘category of well-being outcome measure used’ was 
included as a sensitivity analysis to determine that measures did not 
lead to different findings. Studies which solely measured ‘well-being’ as a 
reduction in ill-being (for example, reduced depression/anxiety scores) 
were excluded. Common standardized well-being scales included Per-
ceived Wellness Score, Warwick–Edinburgh Mental Wellbeing Scale 
(WEMWBS), 36-Item Short-Form Health Survey (SF-36): Mental Compo-
nent Subscale, World Health Organization Wellbeing Scale (WHO-5) and 
PANAS-Positive Affect. This list of scales is non-exhaustive, and other 
measures were included if they met inclusion criteria.

Network geometry and nodes
The network nodes were defined following discussion with research 
team members including clinicians with expertise on which inter-
ventions could logically be clustered together, based on both their 
underpinning theory and delivery in practice.

Software
All analyses were conducted in R (version 4.4.2) using the packages 
netmeta, meta, metafor, dplyr and ggplot2. Network meta-analyses 
were implemented using the netmeta package, and confidence in 
estimates was assessed using CINeMA (https://cinema.ispm.unibe.
ch/). All code are available in the project’s Open Science Framework 
(OSF) repository (https://osf.io/nz59j/?view_only=30f14278418f454
e8c6ee297493f2c39).

Statistical analysis
The assumption of transitivity requires all interventions to be jointly 
randomizable. If this assumption holds, common comparisons should 
not vary substantially on key characteristics or the validity of the indi-
rect comparisons will be questionable (for example the ‘A’ in ‘A v B’ 
should not differ from the ‘A’ in ‘A v C’, otherwise the indirect ‘B v C’ 
comparison will be invalid). To assess transitivity, we created a table 
of important characteristics (study setting, intervention intensity 
and delivery mode) to examine whether potential effect modifiers 
were similarly distributed across the comparisons. Variability from 
different study populations, interventions and outcomes makes it 
difficult to ascertain that the treatments are being compared under 
equivalent conditions. The inclusion of heterogeneous interventions 
necessitates even more stringent control of population differences. 
Hence, we opted to use a general population sample, to ensure more 
uniformity and reliable comparisons.

For pairwise meta-analyses, we conducted pairwise meta-analyses 
for all direct comparisons using a random-effects model. Homogene-
ity of effect sizes were estimated using τ2 and Higgins I² values. The 
s.m.d.s were reported with 95% confidence intervals. The P values 
(alpha threshold of 0.05) were used to determine whether the effect 
sizes for each direct comparison were significant.

For NMA, a random-effect NMA was conducted to estimate a single 
summary effect for each node in the network. The NMA synthesized 
both direct (head-to-head) and indirect comparisons across trials to 
generate pooled effect size estimates of s.m.d.s between interventions. 
This approach enables the comparison of multiple interventions simul-
taneously, even when few direct comparisons exist and strengthens the 
precision of effect estimates by incorporating all available evidence.

Global inconsistency was assessed using the Q statistic, based 
on design-by-treatment interaction model73. Local inconsistency was 
assessed by comparing direct estimates to indirect estimates using the 
node splitting method (SIDE) (whereby P < 0.1 indicated statistically 
significant inconsistency). Treatments were ranked using Pscores, these 
range from 0 to 1 and can be interpreted as an average degree of certainty 
for a treatment to be better than the other treatments in the network74.

Small study effects were assessed using comparison-adjusted 
funnel plots, which report each study’s effect estimate against their 
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reversed standard error. Asymmetry in the plot suggests that larger 
effects tend to be systematically found in smaller studies.

In terms of additional analyses, exploratory moderator analyses 
were conducted to examine whether the pooled effect of all active inter-
ventions versus control varied across prespecified effect modifiers. 
Analyses were implemented as mixed-effects meta-regressions, which 
do not rely on assumptions of network connectivity or transitivity.

The following moderators were tested:

•	 Delivery mode (in-person, online platform, live video confer-
encing or self-guided)

•	 Treatment format (individual versus group)
•	 Intervention intensity (Brief, short, medium or long—based on 

weeks)
•	 Study setting (university, workplace, community or online/

other)
•	 Country (western versus non-western)
•	 Age
•	 Type of well-being outcome measure (subjective well-being, 

resilience, mindfulness or positive affect)
•	 Control condition (waitlist versus no-intervention)
•	 Risk of bias category (low, medium or high)

In addition, we conducted sensitivity analyses using full NMA mod-
els to test our findings under different assumptions. These examined 
whether the relative effectiveness of interventions differed when: (1) 
only studies using subjective well-being as an outcome were included, 
(2) high-risk-of-bias studies were excluded, (3) studies with small sam-
ple sizes were excluded and (4) grey literature trials were included. 
These moderators were selected based on their potential to bias effect 
estimates and were available across the full network.

The risk of bias across studies was assessed with confidence in 
NMA (CINeMA) for NMA75. CINeMA considers six domains that impact 
confidence in the NMA results: (1) within-study bias, (2) reporting bias, 
(3) indirectness, (4) imprecision, (5) heterogeneity and (6) incoherence. 
Each treatment comparison was assessed as having ‘no concerns’, ‘some 
concerns’ or ‘major concerns’ in each of the six domains. Then, judg-
ments across the domains were summarized into a single confidence 
rating (high, moderate, low or very low).

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

Data availability
All data supporting the findings of this study are available via the Open 
Science Framework (OSF) repository at https://osf.io/nz59j/?view_
only=30f14278418f454e8c6ee297493f2c39. The repository includes 
the dataset extracted from all included trials used for NMA and 
meta-regression. Source data are provided with this paper.

Code availability
The code used for this study is available via OSF at https://osf.io/
nz59j/?view_only=30f14278418f454e8c6ee297493f2c39. The R script 
includes all steps for data processing, analysis and visualization.

References
1.	 GBD 2017 DALY & HALE Collaborators. Global, regional, and 

national disability-adjusted life-years (DALYs) for 359 diseases  
and injuries and healthy life expectancy (HALE) for 195 countries 
and territories, 1990–2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet 392, 1859–1922  
(2018).

2.	 Murray, C. J. & Lopez, A. D. Global mortality, disability, and the 
contribution of risk factors: Global Burden of Disease Study. 
Lancet 349, 1436–1442 (1997).

3.	 Murray, C. J. & Lopez, A. D. Alternative projections of mortality and 
disability by cause 1990–2020: Global Burden of Disease Study. 
Lancet 349, 1498–1504 (1997).

4.	 Asaria, M., Doran, T. & Cookson, R. The costs of inequality: 
whole-population modelling study of lifetime inpatient 
hospital costs in the English National Health Service by level of 
neighbourhood deprivation. J. Epidemiol. Community Health 70, 
990 (2016).

5.	 Kadel, R. et al. Cost of health inequality to the NHS in Wales. Front. 
Public Health 10, 959283 (2022).

6.	 Welch, V. A. et al. Health equity: evidence synthesis and 
knowledge translation methods. Syst. Rev. 2, 43 (2013).

7.	 Kjellstrom, T. et al. Urban environmental health hazards and 
health equity. J. Urban Health 84, 86–97 (2007).

8.	 Redshaw, C. H., Stahl-Timmins, W. M., Fleming, L. E., Davidson, 
I. & Depledge, M. H. Potential changes in disease patterns and 
pharmaceutical use in response to climate change. J. Toxicol. 
Environ. Health Part B 16, 285–320 (2013).

9.	 Thomas, F., Sabel, C. E., Morton, K., Hiscock, R. & Depledge, M. 
H. Extended impacts of climate change on health and wellbeing. 
Environ. Sci. Polic. 44, 271–278 (2014).

10.	 Kemp, A. & Edwards, D. J. Broadening the Scope of Wellbeing 
Science (Palgrave Macmillan, 2022); https://doi.org/10.1007/978-
3-031-18329-4

11.	 Lomas, T., Pawelski, J. O. & VanderWeele, T. J. Flourishing as 
‘sustainable well-being’: balance and harmony within and across 
people, ecosystems, and time. J. Posit. Psychol. 20, 203–218 
(2025).

12.	 Steger, M. F. Regenerative positive psychology: a call to reorient 
wellbeing science to meet the realities of our world. J. Posit. 
Psychol. 20, 373–396 (2025).

13.	 Diener, E. & Chan, M. Y. Happy people live longer: subjective 
well-being contributes to health and longevity. Appl. Psychol. 
Health Well-Being 3, 1–43 (2011).

14.	 Diener, E., Pressman, S. D., Hunter, J. & Delgadillo-Chase, D. If, 
why, and when subjective well-being influences health, and 
future needed research. Appl.Psychol. Health Well-Being 9, 
133–167 (2017).

15.	 Cosco, T. D., Howse, K. & Brayne, C. Healthy ageing, resilience and 
wellbeing. Epidemiol. Psychiatr. Sci. 26, 579–583 (2017).

16.	 Keyes, C. L. M., Dhingra, S. S. & Simoes, E. J. Change in level of 
positive mental health as a predictor of future risk of mental 
illness. Am. J. Public Health 100, 2366–2371 (2011).

17.	 Mehl, M. R., Vazire, S., Holleran, S. E. & Clark, C. S. Eavesdropping 
on happiness. Psychol. Sci. 21, 539–541 (2009).

18.	 Zawadzki, S. J., Steg, L. & Bouman, T. Meta-analytic evidence 
for a robust and positive association between individuals 
pro-environmental behaviors and their subjective wellbeing. 
Environ. Res. Lett. 15, 123007 (2020).

19.	 Agteren, J. et al. A systematic review and meta-analysis of 
psychological interventions to improve mental wellbeing.  
Nat. Hum. Behav. 5, 631–652 (2021).

20.	 Carr, A. et al. Effectiveness of positive psychology interventions: a 
systematic review and meta-analysis. J. Posit. Psychol. 16, 749–769 
(2021).

21.	 Sin, N. L. & Lyubomirsky, S. Enhancing well-being and alleviating 
depressive symptoms with positive psychology interventions: 
a practice-friendly meta-analysis. J. Clin. Psychol. 65, 467–487 
(2009).

22.	 White, C. A., Uttl, B. & Holder, M. D. Meta-analyses of positive 
psychology interventions: the effects are much smaller than 
previously reported. PLoS ONE 14, e0216588 (2019).

23.	 Kaneita, Y. et al. Association between mental health status 
and sleep status among adolescents in japan: a nationwide 
cross-sectional survey. J. Clin. Psychiatry 68, 1426–1435 (2007).

http://www.nature.com/nathumbehav
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fosf.io%2Fnz59j%2F%3Fview_only%3D30f14278418f454e8c6ee297493f2c39&data=05%7C02%7CA.H.Kemp%40Swansea.ac.uk%7Cb15a1f4e5e30456068ea08dd4cc6cc7c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C638751139176256584%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=gJtuH0bHL4AfAEoh6ABTtBoh1kdPBiYm5BvQy6%2FRFYk%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fosf.io%2Fnz59j%2F%3Fview_only%3D30f14278418f454e8c6ee297493f2c39&data=05%7C02%7CA.H.Kemp%40Swansea.ac.uk%7Cb15a1f4e5e30456068ea08dd4cc6cc7c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C638751139176256584%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=gJtuH0bHL4AfAEoh6ABTtBoh1kdPBiYm5BvQy6%2FRFYk%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fosf.io%2Fnz59j%2F%3Fview_only%3D30f14278418f454e8c6ee297493f2c39&data=05%7C02%7CA.H.Kemp%40Swansea.ac.uk%7Cb15a1f4e5e30456068ea08dd4cc6cc7c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C638751139176256584%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=gJtuH0bHL4AfAEoh6ABTtBoh1kdPBiYm5BvQy6%2FRFYk%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fosf.io%2Fnz59j%2F%3Fview_only%3D30f14278418f454e8c6ee297493f2c39&data=05%7C02%7CA.H.Kemp%40Swansea.ac.uk%7Cb15a1f4e5e30456068ea08dd4cc6cc7c%7Cbbcab52e9fbe43d6a2f39f66c43df268%7C0%7C0%7C638751139176256584%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=gJtuH0bHL4AfAEoh6ABTtBoh1kdPBiYm5BvQy6%2FRFYk%3D&reserved=0
https://doi.org/10.1007/978-3-031-18329-4
https://doi.org/10.1007/978-3-031-18329-4


Nature Human Behaviour

Article https://doi.org/10.1038/s41562-025-02369-1

24.	 Moreno-Agostino, D. et al. Mediterranean diet and wellbeing: 
evidence from a nationwide survey. Psychol. Health 34, 321–335 
(2019).

25.	 Wiese, C. W., Kuykendall, L. & Tay, L. Get active? A meta-analysis 
of leisure-time physical activity and subjective well-being. J. Posit. 
Psychol. 13, 57–66 (2018).

26.	 Yakushko, O. & Blodgett, E. Negative reflections about positive 
psychology: on constraining the field to a focus on happiness and 
personal achievement. J. Humanist. Psychol. 61, 104–131 (2021).

27.	 Kemp, A. H., Arias, J. A. & Fisher, Z. in The Missing Link (eds Ibáñez, 
A. et al.) 397–427 (Springer, 2017); https://doi.org/10.1007/978-3-
319-68421-5_17

28.	 Kemp, A. H. & Fisher, Z. Wellbeing, whole health and societal 
transformation: theoretical insights and practical applications. 
Glob. Adv. Health Med. 11, 21649561211073077 (2022).

29.	 Mead, J., Gibbs, K., Fisher, Z. & Kemp, A. H. What’s next for 
wellbeing science? Moving from the Anthropocene to the 
Symbiocene. Front. Psychol. 14, 1087078 (2023).

30.	 Mead, J., Fisher, Z. & Kemp, A. H. Moving beyond disciplinary silos 
towards a transdisciplinary model of wellbeing: an invited review. 
Front. Psychol. 12, 642093 (2021).

31.	 Wilkie, L., Fisher, Z. & Kemp, A. H. The complex construct of 
wellbeing and the role of vagal function. Front. Integr. Neurosci. 
16, 925664 (2022).

32.	 Buecker, S., Simacek, T., Ingwersen, B., Terwiel, S. & Simonsmeier, 
B. A. Physical activity and subjective well-being in healthy 
individuals: a meta-analytic review. Health Psychol. Rev. 15, 
574–592 (2021).

33.	 Steffens, N. K. et al. Social identification-building interventions 
to improve health: a systematic review and meta-analysis. Health 
Psychol. Rev. 15, 85–112 (2021).

34.	 Pritchard, A., Richardson, M., Sheffield, D. & McEwan, K. The 
relationship between nature connectedness and eudaimonic 
well-being: a meta-analysis. J. Happiness Stud. 21, 1145–1167 
(2020).

35.	 Kern, M. L. et al. Systems informed positive psychology. J. Posit. 
Psychol. 15, 705–715 (2020).

36.	 Haslam, C., Jetten, J., Cruwys, T., Dingle, G. A. & Haslam, S. A. The 
New Psychology of Health, Unlocking the Social Cure (Routledge, 
2018); https://doi.org/10.4324/9781315648569

37.	 Wilkie, L. et al. Improving wellbeing through local communities:  
a mixed methods study on the role of relationship building.  
J. Happiness Stud. 26, 47 (2025).

38.	 Berg, A. E., van den, Maas, J., Verheij, R. A. & Groenewegen, P. P. 
Green space as a buffer between stressful life events and health. 
Soc. Sci. Med. 70, 1203–1210 (2010).

39.	 Gibbs, K., Fisher, Z., Denner, K. & Kemp, A. H. Constructing the 
conditions for wellbeing: a qualitative evaluation of group-based 
ecotherapy for adults living with acquired brain injury. 
Neuropsychol. Rehabilitation 1–35 (2025).

40.	 Kamioka, H. et al. Effectiveness of horticultural therapy: a 
systematic review of randomized controlled trials. Complement. 
Ther. Med. 22, 930–943 (2014).

41.	 Wilkie, L., Fisher, Z. & Kemp, A. H. The ‘rippling’ waves of 
wellbeing: a mixed methods evaluation of a surf-therapy 
intervention on patients with acquired brain injury. Sustainability 
14, 9605 (2022).

42.	 Bratman, G. N., Hamilton, J. P., Hahn, K. S., Daily, G. C. & Gross, J. J. 
Nature experience reduces rumination and subgenual prefrontal 
cortex activation. Proc. Natl Acad. Sci. USA 112, 8567–8572 (2015).

43.	 Gascon, M. et al. Mental health benefits of long-term exposure 
to residential green and blue spaces: a systematic review. Int. J. 
Environ. Res. Public Health 12, 4354–4379 (2015).

44.	 Hartig, T., Mitchell, R., de Vries, S. & Frumkin, H. Nature and 
health. Annu. Rev. Public Health 35, 207–228 (2014).

45.	 Twohig-Bennett, C. & Jones, A. The health benefits of the great 
outdoors: a systematic review and meta-analysis of greenspace 
exposure and health outcomes. Environ. Res. 166, 628–637 
(2018).

46.	 Richardson, M. et al. A measure of nature connectedness for 
children and adults: validation, performance, and insights. 
Sustainability 11, 3250 (2019).

47.	 Hughes, J., Richardson, M. & Lumber, R. Evaluating connection 
to nature and the relationship with conservation behaviour in 
children. J. Nat. Conserv. 45, 11–19 (2018).

48.	 Keyes, C. L. M. Promoting and protecting mental health as 
flourishing. Am. Psychol. 62, 95–108 (2007).

49.	 Rose, G. Sick individuals and sick populations. Int. J. Epidemiol. 14, 
32–38 (1985).

50.	 Bolier, L. et al. Positive psychology interventions: a meta-analysis 
of randomized controlled studies. BMC Public Heal 13, 119  
(2013).

51.	 Lim, W. L. & Tierney, S. The effectiveness of positive psychology 
interventions for promoting well-being of adults experiencing 
depression compared to other active psychological treatments: 
a systematic review and meta-analysis. J. Happiness Stud. 24, 
249–273 (2023).

52.	 Weiss, L. A., Westerhof, G. J. & Bohlmeijer, E. T. Can we increase 
psychological well-being? The effects of interventions on 
psychological well-being: a meta-analysis of randomized 
controlled trials. PLoS ONE 11, e0158092 (2016).

53.	 Sturm, V. E. et al. Big smile, small self: awe walks promote 
prosocial positive emotions in older adults. Emotion 22,  
1044–1058 (2022).

54.	 Edwards, M. K. & Loprinzi, P. D. Affective responses to acute bouts 
of aerobic exercise, mindfulness meditation, and combinations of 
exercise and meditation: a randomized controlled intervention. 
Psychol. Rep. 122, 465–484 (2019).

55.	 Lee, T. S., Hung, C., Lin, C. & Chiang, H. Controlled randomized 
trial of walking exercise with positive education on cardiovascular 
fitness and happiness in retired older adults. Geriatr. Gerontol. Int. 
19, 879–884 (2019).

56.	 Pascoe, M. C. & Bauer, I. E. A systematic review of randomised 
control trials on the effects of yoga on stress measures and mood. 
J. Psychiatr. Res. 68, 270–282 (2015).

57.	 Gilbert, P. Introducing compassion-focused therapy. Adv. 
Psychiatr. Treat. 15, 199–208 (2009).

58.	 Gilbert, P. The origins and nature of compassion focused therapy. 
Br. J. Clin. Psychol. 53, 6–41 (2014).

59.	 Khoury, B., Sharma, M., Rush, S. E. & Fournier, C. 
Mindfulness-based stress reduction for healthy individuals: a 
meta-analysis. J. Psychosom. Res. 78, 519–528 (2015).

60.	 Khoury, B. et al. Mindfulness-based therapy: a comprehensive 
meta-analysis. Clin. Psychol. Rev. 33, 763–771 (2013).

61.	 Sedlmeier, P. et al. The psychological effects of meditation: a 
meta-analysis. Psychol. Bull. 138, 1139–1171 (2012).

62.	 Danitz, S. B. & Orsillo, S. M. The mindful way through the 
semester. Behav. Modif. 38, 549–566 (2014).

63.	 Viskovich, S. & Pakenham, K. I. Randomized controlled trial of a 
web-based acceptance and commitment therapy (ACT) program 
to promote mental health in university students. J. Clin. Psychol. 
76, 929–951 (2020).

64.	 Neumeier, L. M., Brook, L., Ditchburn, G. & Sckopke, P. Delivering 
your daily dose of well-being to the workplace: a randomized 
controlled trial of an online well-being programme for 
employees. Eur. J. Work Organ. Psychol. 26, 555–573 (2017).

65.	 Ciarrochi, J., Hayes, S. C., Oades, L. G. & Hofmann, S. G. Toward 
a unified framework for positive psychology interventions: 
evidence-based processes of change in coaching, prevention, 
and training. Front. Psychol. 12, 809362 (2022).

http://www.nature.com/nathumbehav
https://doi.org/10.1007/978-3-319-68421-5_17
https://doi.org/10.1007/978-3-319-68421-5_17
https://doi.org/10.4324/9781315648569


Nature Human Behaviour

Article https://doi.org/10.1038/s41562-025-02369-1

66.	 Capaldi, C. A., Dopko, R. L. & Zelenski, J. M. The relationship 
between nature connectedness and happiness: a meta-analysis. 
Front. Psychol. 5, 976 (2014).

67.	 Rattenbury, C. & Stones, M. J. A controlled evaluation of 
reminiscence and current topics discussion groups in a nursing 
home context. Gerontol 29, 768–771 (1989).

68.	 Yousefi, Z., Sharifi, K., Tagharrobi, Z. & Akbari, H. The effect of 
narrative reminiscence on happiness of elderly women. Iran. Red. 
Crescent Méd. J. 17, e19612 (2015).

69.	 Chesak, S. S. et al. Authentic connections groups: a pilot test 
of an intervention aimed at enhancing resilience among nurse 
leader mothers. Worldviews Evid. Based Nurs. 17, 39–48 (2020).

70.	 Hirani, S. S. et al. Social support intervention to promote 
resilience and quality of life in women living in Karachi, Pakistan: 
a randomized controlled trial. Int. J. Public Health 63, 693–702 
(2018).

71.	 Rücker, G., Petropoulou, M. & Schwarzer, G. Network 
meta-analysis of multicomponent interventions. Biom. J. 62, 
808–821 (2020).

72.	 Tsokani, S., Seitidis, G. & Mavridis, D. Component network 
meta-analysis in a nutshell. BMJ Evid. Based Med. 28, 183–186 
(2023).

73.	 Higgins, J. P. T. et al. Consistency and inconsistency in network 
meta-analysis: concepts and models for multi-arm studies. Res. 
Synth. Methods 3, 98–110 (2012).

74.	 Rücker, G. & Schwarzer, G. Ranking treatments in frequentist 
network meta-analysis works without resampling methods. BMC 
Méd. Res. Methodol. 15, 58 (2015).

75.	 Papakonstantinou, T., Nikolakopoulou, A., Higgins, J. P. T., Egger, 
M. & Salanti, G. CINeMA: software for semiautomated assessment 
of the confidence in the results of network meta-analysis. 
Campbell Syst. Rev. 16, e1080 (2020).

Acknowledgements
This work received no external funding.

Author contributions
The study was conceived and designed by LW.,. A.H.K. and Z.F. L.W. led 
the literature review, data extraction and analysis, supported by A.G., 
I.G. and S.K. L.W. developed the methodological approach, including 
analysis scripts, managed project administration and drafted the initial 
paper. A.G., I.G. and S.K. contributed to data coding and verification 

under the supervision of L.W. and A.H.K. All authors contributed to 
paper revision and approved the final version. A.H.K. and Z.F. provided 
overall supervision and guidance throughout the project.

Competing interests
L.W. declares a potential competing interest related to their 
professional work as a yoga and mindfulness teacher. This experience 
did not influence the design, conduct, analysis or interpretation of the 
research. The other authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary 
material available at https://doi.org/10.1038/s41562-025-02369-1.

Correspondence and requests for materials should be addressed to 
Lowri Wilkie or Andrew Haddon Kemp.

Peer review information Nature Human Behaviour thanks Willem 
Kuyken and the other, anonymous, reviewer(s) for their contribution to 
the peer review of this work. Peer reviewer reports are available.

Reprints and permissions information is available at  
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2026

http://www.nature.com/nathumbehav
https://doi.org/10.1038/s41562-025-02369-1
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/







	A systematic review and network meta-analysis of randomized controlled trials of well-being-focused interventions

	Results

	Results of the search and included studies

	Network geometry

	Transitivity and consistency

	NMA results

	Treatment ranking

	Additional analyses using meta-regression

	Sensitivity analysis using alternative NMA models

	Certainty of evidence

	Publication bias


	Discussion

	Conclusion

	Methods

	Protocol and registration

	Selection of studies and data extraction

	Eligibility criteria

	Outcome measures

	Network geometry and nodes

	Software

	Statistical analysis

	Reporting summary


	Acknowledgements

	Fig. 1 PRISMA flow diagram of the study selection.
	Fig. 2 Network plot of intervention comparisons.
	Fig. 3 Forest plot of NMA pooled estimated effect sizes for each intervention (NMA primary model).
	Fig. 4 Intervention ranking based on P scores.
	Table 1 Summary of intervention nodes included in the NMA.
	Table 2 League table comparing effect sizes from network pooled estimate versus direct evidence.
	Table 3 Eligibility criteria based on PICOS framework.




