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Abstract

Background Mindfulness-based strategies are increasingly applied outside of standardized clinical protocols to pro-
mote healthy lifestyle behaviors. No overview exists of how mindfulness-based strategies are integrated in these
“unstandardized” interventions and which strategies have potential for effect. This review (i) summarizes key interven-
tion characteristics and strategies, (i) provides a qualitative overview of the effectiveness of unstandardized mindful-
ness-based strategies for promoting healthy dietary and PA behaviors, and (iii) provides an assessment of the study
quality.

Methods Articles were identified using the PubMed, PsycINFO, and Web of Science online databases until 11/2024.
Records were included if they applied mindfulness outside of a standardized clinical protocol among healthy adults
and measured healthy dietary or PA outcomes pre- and post-intervention. Study quality was assessed using the Effec-
tive Public Health Practice Project tool.

Results Interventions (n=44) inconsistently applied formal and informal mindfulness strategies and a variety of med-
itation exercises (e.g., body-centered or movement meditation). The findings did not provide clear evidence in favor
of unstandardized mindfulness applications in promoting dietary behaviors and PA at the between-group level. Study
quality was predominantly rated as 'weak’due to selection bias and lacking blinding procedures.

Discussion There exist great variations in the implementation of mindfulness strategies, low study quality, and het-
erogeneity in measurement, potentially explaining the lack of effects of such unstandardized interventions. To gain
more insight into the effective application of mindfulness-based strategies in health promotion, higher-quality studies
with robust designs as well as component studies are needed to shed light on the active ingredients of interventions.
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Consuming a healthy diet and engaging in physical activ-
ity (PA) are two key health-promoting behaviors [1, 2]
that are associated with better mental health [3-5] and
that may reduce the risk of non-communicable diseases,
including heart disease, certain types of cancer, and type
2 diabetes [6, 7]. As promoting these behaviors remains
a challenge, there is a need for efficient programs that
encourage sustainable behavior changes. Increasingly,
mindfulness-based strategies are used to encourage the
adoption of such behaviors [8-11].

Mindfulness originates from traditional Eastern reli-
gious practice and has become a prominent approach
in Western psychology to promote both health behav-
iors and mental health [12]. It is often represented as a
multifaceted construct with underlying attentional and
attitudinal processes [13-15]. Within the attentional
component, an individual regulates the focus of their
attention by bringing awareness to their present-moment
environment and to their behaviors, thoughts, and feel-
ings [13]. The attitudinal component describes the skill of
responding to one’s internal and external awareness with
an orientation that is accepting, curious, and open [13].

Mindfulness can be cultivated through formal medita-
tion training or through informal mindfulness exercises
(i.e., those that are integrated into daily life) [16]. Formal
mindfulness meditation training (e.g., body scan, sitting
meditation, and mindful movement) is one key compo-
nent of the standardized, clinical mindfulness-based
training Mindfulness-Based Stress Reduction (MBSR)
[17]. The standardized MBSR curriculum is composed
of a standardized set of training sessions that teach for-
mal exercises as well as informal mindfulness practice
[18]. These standardized programs have demonstrated
effectiveness in promoting various mental and behavioral
health outcomes as well as quality of life in healthy adults
[18-21].

Apart from standardized programs, there is a growing
trend toward utilizing other, selected mindfulness-based
strategies of varying durations and formats [22] to pro-
mote healthy dietary and PA behaviors. Such unstand-
ardized mindfulness-based interventions (UMBIs) can
range from one-off, brief mindfulness inductions [23, 24]
to several months of mindfulness practice [25], and may
vary in their application of formal and informal training.
Many of those interventions lack adherence to a stand-
ardized mindfulness protocol in which a specific set of
training sessions and durations (using formal mindful-
ness exercises and practice) is described. Throughout this
paper, we therefore refer to interventions with a mindful-
ness component, but that do not adhere to a standard-
ized protocol such as MBSR, as UMBIs. As UMBIs may
have merits, systematic overviews are warranted to study
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how mindfulness-based strategies are integrated in these
UMBIs and which strategies may have potential for effect.

Existing comprehensive reviews [8-10, 26] have pro-
vided insight into the combined effects of standardized
and UMBIs for changing health behaviors (e.g., binge
eating and emotional eating [10, 27] or enhancing PA
[9]). However, caution is necessary when interpreting
the effectiveness of mindfulness-based strategies across
standardized and unstandardized treatment protocols,
as this may lead to an overestimation of the benefits of
mindfulness for changing health-promoting behaviors.
It is crucial to conduct reviews specifically examining
the distinct effects of unstandardized MBIs to determine
whether and which MBI components can be used best
to promote health behaviors. Moreover, there is a scar-
city of systematic syntheses describing the effectiveness
of mindfulness for promoting healthy lifestyle behaviors
in healthy (i.e., non-treatment-seeking) populations. To
our knowledge, one review has explicitly investigated the
effectiveness of randomized controlled intuitive eating
and mindful eating interventions on dietary behaviors in
individuals without an eating disorder [11]. There is cur-
rently no review of solely UMBIs to promote healthy die-
tary and PA behaviors in healthy, non-treatment-seeking
adults.

Aims and research questions

The purpose of this study was to conduct a systematic
review to identify intervention characteristics and the
effectiveness of diverse, UMBIs for promoting changes
in healthy dietary and PA behaviors. Such a review is
imperative to (i) provide insight into how unstandard-
ized approaches to delivering mindfulness interventions
are currently designed and (ii) to investigate variations in
content, format, duration, and delivery settings, that are
currently used to foster PA and healthy dietary outcomes.
The specific aims of this review are therefore (i) to iden-
tify and summarize currently applied UMBI characteris-
tics and components, (ii) to provide a general qualitative
overview of the effectiveness of UMBIs on (a) healthy
dietary intake and (b) PA behavior in healthy adults, and
(iii) to provide an assessment of the study quality. With
the findings of our review, we hope to contribute to a
better understanding of the diversity of UMBI methods,
their implementation, adaptations from standardized
protocols, and opportunities for future research that aims
to promote healthy dietary and PA behaviors.

Methods

This systematic review follows the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [28]. A protocol was registered in
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PROSPERO (CRD42022377663) and additional data can
be found on OSF (osf.io/3jv2f).

Eligibility criteria

Reports were included if they (i) were published in a
peer-reviewed journal, (ii) applied a mindfulness-based
strategy or intervention component (e.g., body-centered
meditation or mindful observation) outside of a stand-
ardized mindfulness-based protocol (e.g., not following
the full standardized MBSR or Mindfulness Based Cog-
nitive Therapy, MBCT, curriculum), (iii) targeted and
separately reported on a healthy adult sample (i.e., non-
treatment seeking individuals without physiological, neu-
rodegenerative, or mental health conditions), (iv) were
published in English, Dutch, or German, and (v) subjec-
tively self-reported or objectively measured PA behavior
or healthy dietary (sub-)behaviors (e.g., the consump-
tion of fruits and vegetables, refraining from high-calorie
snack intake, or compliance with dietary recommenda-
tions) at both pre- and post-test. Articles were included
regardless of their employed measures of diet and PA
outcomes (e.g., valid, reliable, and standardized question-
naires or non-validated single item-measures or indices)
and regardless of their study design as long as a pre-test
and post-test were included. Given the abundance of
research on mindfulness and PA outcomes, we decided
to conduct this portion of the review as an addition to
Schneider et al. [9] (who combined unstandardized and
standardized programs), and included suitable studies on
PA published after June 2018 to avoid considerable over-
lap. Interventions targeting multiple health behaviors
were retained regardless of date.

Reports were excluded if they (i) solely measured aero-
bic capacity, (ii) measured disordered eating behavior
only or measured appetitive reactions to food cue expo-
sure in a laboratory setting, (iii) conducted a therapeutic,
solely acceptance-based intervention, and (iv) the article
fully applied the curriculum and structure of a standard-
ized mindfulness-based therapy intervention (e.g., MBSR
or Mindfulness Based Cognitive Therapy, MBCT [29]).
As the aim of this study was to investigate the effective-
ness of UMBIs, articles including (multiple) singular
mindfulness-based exercises drawn from a standardized
program without administering a full standardized cur-
riculum were not excluded. When multiple articles cov-
ered the same intervention, only the record with the most
thorough description of the results was retained to avoid
data duplication.

Information sources

Records were identified using the PubMed, PsycINFO,
and Web of Science online databases, covering both
psychological and multidisciplinary subjects. Manual
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searches were conducted on the reference lists of relevant
systematic reviews [9, 10, 30, 31] for additional records.
Where relevant dissertations or theses were identified,
a targeted search was conducted for the correspond-
ing publication in a peer-reviewed journal. The searches
were conducted by CEP over a two-week period, from
late November 2022 to early December 2022. An updated
literature search was conducted to include studies pub-
lished between December 2022 and the updated search
in late November of 2024.

Search strategy

Search terms were developed for three concept groups:
(i) mindfulness (e.g., mindful*, awareness, non-react*),
(ii) PA behavior (e.g., exercise, movement, fitness), and
(iii) healthy eating behaviors (e.g., energy intake, fruit
intake, nutrition). In addition to the search constructs
and their synonyms, Medical Subject Headings (MeSH)
were included in the search on PubMed for both PA and
eating behaviors. Terms were linked by Boolean opera-
tors (AND, OR) and searched in the titles and abstracts of
papers to aid a focused search. The optimal search strat-
egy was achieved through an iterative process of testing
and modifying the search terms. The final search strategy
was peer-reviewed by a scientific information specialist
from the university library. This search strategy was then
used in PubMed by CEP, who subsequently also adapted
the PubMed search strategy for Web of Science and for
PsycINFO considering the Thesaurus of Psychological
Index Terms (see Additional file 1). No language or date
limits were applied using filters. The search strategies,
databases, and eligibility criteria for the updated search
remained the same as those outlined in the initial search.
However, filters were used in the updated search to select
studies published after November 2022 to avoid substan-
tial duplication with the prior search.

Selection of sources of evidence

Records were imported into Endnote version X9 for de-
duplication and transferred to Rayyan QCRI [32] for title
and abstract screening. All duplicate records identified by
automation tools in Rayyan and EndNote were reviewed
by CEP. At the title and abstract screening stage, all
records that met inclusion criteria 1-4 and that did not
meet any of the specified exclusion criteria were included
in the full-text screening stage.

Title and abstract screening were performed by CEP,
with 10% of excluded records verified by LV and 20% ver-
ified by KB (update), respectively. These percentages were
chosen to ensure a somewhat similar number of screened
abstracts between the initial review and the update while
maintaining feasibility. Moreover, any included abstracts
that were not separately checked would undergo full-text
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screening, allowing for a more thorough assessment
of their eligibility. One discrepancy was discussed and
solved between CEP and LV. Full-text screening was
performed by CEP considering all the specified eligibil-
ity criteria. Reasons for the exclusion of all reports at the
full-text stage were reviewed by LV and DdR (both 100%
agreement for initial and updated full-text screening).

Data charting process and data items

CEP recorded the data in a Microsoft Excel file adapted
from the Cochrane Effective Practice and Organisation
of Care’s (2017) data collection form [33]. Information
was extracted regarding study characteristics (title, year
of publication, authors, geographical location, design),
outcomes and measures (behavior category, mindfulness
and behavioral measurement tools), population (sample
size, description, age, gender composition), interven-
tion characteristics (level and method of administration,
number of sessions, session length, content), and statisti-
cal information where available (means, standard devia-
tions, effect sizes).

To gain insight into the utilized intervention com-
ponents, mindfulness-specific exercises were coded in
line with the proposed framework of meditation clus-
ters by Matko and Sedlmeier [34]. This framework was
previously applied to study the efficacy of meditation
techniques used by MBIs regarding the cognitive, socio-
emotional, and academic skills of children [35]. We addi-
tionally identified Behavior Change Techniques (i.e.,
active components of an intervention designed to alter
behavior regulation; BCTs) that were administered as
part of the intervention. These active components were
coded according to BCT clusters using Michie et als [36]
Behavior Change Technique Taxonomy. We used this
combination of frameworks to be able to describe the
intervention components based on well-established and
validated taxonomies.

Synthesis of results

Descriptive statistics for study and intervention char-
acteristics were calculated using SPSS version 28. The
results of the studies were described qualitatively and
compiled in two summary tables. Because not all UMBIs
reported effect sizes or sufficient information to calculate
effect sizes, we classified studies in a qualitative way, as
showing an “improvement’, “no effect,” or a “decline” at
the within- and between-group level. An intervention
was deemed to show an “improvement” when there was
a statistically significant favorable post-test difference in
the health behavior (i.e., more engagement in PA, more
fruit consumption, lower sugar intake) or mindfulness in
comparison to the control group or baseline assessment
[37]. This “improvement” was determined from p-values

Page 4 of 15

(p<.05) and any other available information provided in
the respective texts or additional materials. An UMBI
was classified as showing “no effect” when there were no
significant within or between group differences in health
behavior or mindfulness. Studies were coded as show-
ing a “decline” when there was a significant unfavorable
difference between baseline and follow-up or between
groups in the health-promoting behavior or mindfulness.
The total number of behavioral outcomes showing an
“improvement” are presented as frequencies to make an
estimate about the overall direction of the effect. In this
study, we defined evidence of effectiveness across studies
as>two thirds of the studies reporting an improvement
on the specific outcome(s). The results of within- and
between-group analyses are presented separately.

Risk-of-bias assessment

Study quality was assessed using the Effective Pub-
lic Health Practice Project (EPHPP) tool for quantita-
tive studies [38]. We chose this instrument as it can be
used for studies with different research designs. The tool
includes 20 assessment items across eight components:
selection bias, study design, confounding variables,
blinding, data collection methods, participant drop-
out, intervention integrity, and analyses. Following the
scoring instructions, overall study quality was scored as
weak (two or more components rated as weak), moder-
ate (one weak component rating), or strong (absence of
weak ratings). All risk-of-bias criteria were assessed inde-
pendently by CEP and NCB (97.3% agreement) as well as
by CEP and KB for the update (94.4% agreement). Dis-
crepancies were resolved in discussion between CEP
and NCB/KB and in consultation with AO and DdR. The
results are displayed as a weighted bar plot showing the
distribution of risk-of-bias judgments. Detailed ratings
per study can be found on OSF (osf.io/3jv2f).

Results
Study selection
The research strategy brought up 9,909 unique records
that were screened for their eligibility. We excluded 209
of the 241 reports at the full-text stage as they did not
measure dietary behavior or PA, did not administer a
mindfulness-based strategy, included populations with
chronic health conditions or adolescents, administered
a full, standardized MBI, or were an undesired publica-
tion type (see Fig. 1). After the full-text review, 32 unique
studies were included in this review. The updated search
identified 3,558 unique records in the three databases
(see+in Fig. 1). Of these additional records, 12 met the
inclusion criteria and were added to the synthesis.

In 16 of the records, both healthy dietary behavior and
PA behavior were targeted. Seven articles exclusively
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Fig. 1 PRISMA flowchart describing the identification, screening, and inclusion of articles. Note. “+"indicates records identified during the update

Nov 2024

reported healthy dietary behavior, and 21 focused explic-
itly on physical activity outcomes. The study characteris-
tics are described per targeted behavior(s) to gain insight
into potential differences between programs with one
versus multiple relevant behavioral outcomes.

Study characteristics

Studies focusing exclusively on healthy dietary behaviors
(n=7) analyzed a total of 516 participants, with 268 in a
mindfulness-based condition. Mostly young or middle-
aged females made up the sample (M%female=90.4
[SD=15.8]; Mage=33.6, [SD=13.1]; 14.9% attrition
[SD=19.6]). Studies were conducted in North America
(n=4), Europe (n=2) or Brazil (n=1) and predominantly
used a randomized controlled design (n=6).

Across the studies targeting PA (n=21), 1,686 par-
ticipants were analyzed, including 903 in a mindfulness-
based condition. Samples predominantly consisted of
either young or middle-aged females (M%female=78.1
[SD=12.9]; Mage=36.8, [SD=13.4]). The attrition rate
in the mindfulness condition was on average 19.9%
[SD=18.4]. The majority of studies were conducted in
the USA (n=17; 77.3%) and reported a randomized con-
trolled design (n=13).

Of the studies measuring both behaviors (n=16), 1,231
participants were analyzed, of whom 688 were allo-
cated to a mindfulness-based condition. Young or mid-
dle-aged females made up the majority of the samples
(M%female=75.9 [SD=22.2]; Mage=43.6, [SD=11.3]).
In the mindfulness condition, the average attrition rate
was 27.9% [SD=23.7]. The majority of the studies were
carried out in the USA (n=11; 68.8%) and reported a sin-
gle group pre-post design (n=9).

Intervention components

The seven interventions targeting only healthy dietary
behaviors employed formal mindfulness (i.e., a tradi-
tional contemplative approach practiced at designated
times) or a combination of formal and informal mind-
fulness practice (i.e., mindfulness practice integrated
into daily activities). These interventions utilized mostly
body-centered meditation (e.g., body scan). All seven
programs applied behavior change strategies (most com-
monly emotion regulation), with an average of 1.8 BCT
clusters ([SD=1.1]; range 1-4). The targeted medita-
tion types and BCT clusters with their frequencies are
presented in Table 1. Interventions were predominantly
administered in a group setting and lasted an average
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Table 1 Summary of intervention characteristics
Healthy Eating Physical Activity Both Behaviors
Bibliography No % Bibliography No % Bibliography No %
Intervention Group Size (Analyzed)
<10 - 0 [39] 5 - 0
10-24 [39] 14 [40-47] 38 [25,48-52] 38
25-49 [53-57] 71 [58-62] 24 [63-67] 31
50-100 [68] 14 [69-73] 24 [74-76] 19
>100 - 0 [77,78] 10 [79, 80] 13
Study Design
RCT/CCT [53-57, 68] 86 [42,44,45,58,59,61,62,69-73,78,81] 67 [25,49, 52,66, 79, 80] 38
Two group pre-post [39] 14 [40, 43, 46, 60] 19 - 0
Single group pre-post - 0 [41,47,77] 14 [48, 50, 51,63-65, 67, 74-76] 63
Program Duration
<1 week [53] 14 0 [67,74] 13
1-3 weeks - 0 [44,46,59,61,77,81] 29 [64, 75] 13
4-6 weeks [39] 14 [62,71-73] 19 [49,51,63,79] 25
7-9 weeks [55,57] 29 [40-43, 45,47, 60, 69, 70, 78] 48 [52, 66, 80] 19
> 10 weeks [54, 56, 68] 43 [58] 5 [25,48, 50, 65, 76] 31
Program Duration
Group [39, 54, 55] 43 [42,45,60, 69, 70,73,77] 33 [25,49-51, 64, 65, 79] 44
Individual [53, 56] 29 [44,46,47,58,59,61,62,71,78,81] 48 [63,66,67] 19
Combined setting [57,68] 29 [40,41,43,72] 19 [48,52, 74-76, 80] 38
eHealth/mHealth component [53, 56] 29 [40,42,44,46,47,58,59,62,71,73,78, 57 [48,51,63, 66, 67, 76] 38
81]
39Mindfulness Practice
Formal [53,55,57] 43 [40-44, 60, 62,71,73,81] 48 [52,66,67] 19
Informal - 0 [61,69] 10 [50, 79] 13
Formal & informal [39, 54, 68] 43 [45,58,59,70,72,77] 29 [25,48, 49, 63-65, 74-76, 80] 63
Unclear [56] 14 [46,47,78] 14 [51] 6
Meditation Cluster
Affect-centered meditation [39, 68] 29 [40, 45, 58] 14 [25, 50, 66] 19
Body-centered meditation [54, 55,57, 68] 57 [40-44, 47,58-61,69-73, 81] 76 [25,48,49,52,63-67,74,75,79,80] 81
Contemplation [55] 14 - 0 - 0
Mantra meditation - [40] 5 - 0
Meditation with movement [54, 56] 29 [43,45,47,58-60, 69, 70,72, 77] 48 [25,49, 50, 52, 63-65, 74,75, 80] 63
Mindful observation [54, 57, 68] 43 [40, 44, 45,58, 59,70,71,73,77] 43 [25,63,76,79] 25
Visual concentration [53] 14 - 0 - 0
Unclear [56] 14 [46, 62, 78] 14 [51] 6
BCT Clusters
Shaping knowledge [56, 68] 29 [41,43,58-61, 70, 78] 38 [25,48-51, 64, 65, 74] 50
Repetition and substitution [39] 14 [60] 5 [48, 50, 51, 64, 65, 80] 38
Regulation [39, 54,55, 57] 57 [40, 60, 69, 81] 19 [48, 49, 66] 19
Feedback and monitoring [56] 14 [41,43-45,72,78] 29 [25,50,51] 19
Goals & planning [56, 68] 29 [41,43,69, 78] 19 [25, 50, 76, 80] 25
Associations [39, 53] 29 [61,71] 10 0
Self-belief - 0 [41] 5 [25] 6
Social support - 0 [41,43] 10 [25,51, 64, 80] 25
Identity - 0 - 0 [80] 6

CCT controlled clinical trial, RCT randomized controlled trial, BCT Behavior Change Technique
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of 11.2 weeks [SD=6.6]. Most studies had sessions that
lasted around 2 h.

The 21 studies targeting PA predominantly made use
of formal mindfulness practice or a combination of for-
mal and informal strategies (see Table 1). Most studies
utilized body-centered meditation, mindful observation
or meditation with movement (e.g., yoga) to promote
mindfulness. Most programs incorporated BCT clus-
ters (most commonly shaping knowledge and feedback/
monitoring), with an average of 1.3 [SD=1.4] clus-
ters (range=0-5). Programs lasted 6 weeks on average
[SD=2.8]. Half of the interventions were administered in
an individual setting with varying session lengths (from
individually chosen app use time up to a total of 24 h of
practice time). In addition to certified yoga and mindful-
ness teachers or a staff member delivering the interven-
tion, more than half incorporated an audio file, videos, or
an app.

The 16 combined studies predominantly targeted
mindfulness in a group or combined setting, employ-
ing both formal and informal meditation practice.
Most studies administered body-centered meditation
or meditation with movement (see Table 1). Eleven of
the 6 programs included a BCT (most commonly shap-
ing knowledge), with an average of 1.9 BCT clusters
([SD=1.7]; range=0-5). On average, combined pro-
grams lasted 7.5 weeks [SD=6.2], with practice time
varying from individually chosen in-app time up to 5 h of
daily practice.

Results of individual studies

Health behaviors were categorized into subgroups based
on the targeted behavioral outcomes, as reported in the
individual studies. A summary of study findings is pre-
sented in Table 2. Additional information on the assess-
ment methods per study can be found on OSF (osf.
io/3jv2f).

Healthy dietary behavior

Diet quality Five studies compared the effects of mind-
fulness on overall dietary quality [48, 55, 56, 63, 64].
Three of those studies found significant improvements in
the intervention group from pre- to post-test. One study
comparing mindfulness to a waitlist control group found
a significant between-group difference in the consump-
tion of a balanced diet at post-test [55].

Energy intake Eight studies reported on energy intake
[25, 39, 51-54, 57, 65]. Six studies found a significant
decrease in calorie intake within the mindfulness group
[25, 39, 51, 54, 57, 65]. One of four studies reporting the
post-test results in comparison to a control group [25,
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39, 53, 54] found a significant difference in calorie intake
between groups at post-test [39].

Fat intake Three of the eight studies that examined
within-group differences showed significant differ-
ences in fat intake from pre- to post-test in the mind-
fulness condition [49-51]. Of the four studies reporting
a between-group design, one study indicated significant
group x time effects for the consumption of high-fat
meats and low-fat ice cream but not for opting for low-
fat sweets [49]. No significant between-group differences
were observed at post-test for fat intake [53, 54] or the
consumption of low-fat products [55].

Fruit and vegetable intake Combined fruit and vegeta-
ble intake was assessed in six studies [49, 53, 66, 67, 76,
79] and separately in six studies [48, 51, 57, 74, 75, 80].
Five of the studies reporting within-group changes found
improvements in fruit and vegetable intake at post-test
[48, 67, 74, 75, 79]. The study by Sant’Anna et al. [57]
found no within-group changes in fruit intake, but sig-
nificant changes in vegetable intake at post-test. Dyer
et al. [74] found fruit and vegetable consumption to no
longer be significantly different from baseline behavior at
the additional two-month follow-up. There were no sig-
nificant differences in the five studies reporting fruit and
vegetable consumption between groups at post-test [49,
53, 66, 79, 80].

Sugar intake Results were mixed for sugar intake in
the six studies reporting within-group changes [48, 50,
51, 53, 67, 68] Three studies reported a decrease in the
intake of sugar and sugary beverages from pre- to post-
test [48, 51, 67]. The remaining three studies found no
differences between pre- and post-test sugar intake in
the intervention group [50, 53, 68]. Two studies reported
between-group changes in sugar intake: One study [53]
found no significant differences in sugar intake between
groups, whereas in the other [68], the intervention group
ate significantly less sweets than the active control group
at follow-up.

Physical activity behavior

Light-intensity physical activity Three of the seven
studies found a significant increase in light-intensity PA
over time [43, 47, 69]. The remaining studies found no
increase in light-intensity PA behavior [42, 58, 65, 67].
Of the three studies reporting between-group changes,
none found significant improvements in the intervention
group compared to a control group [42, 43, 58].
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Table 2 Summary of within-group and between-group changes to health-promoting behaviors and mindfulness at post-test

Healthy Eating Behavior

Physical Activity Behavior

Bibliography No Bibliography No
Balanced Energy Intake FatIntake Fruit/Vegetable Sugar Low-Intensity  Mixed-Intensity Moderate/Vigorous
Diet Intake Intake
Changes in Behavior
Within-Group
Significant (49,56,65) (2540,52,55,58,66)  (50-52) (49V,58,68,75,76,80)  (49,52,68)  (48,68,70) (25,43,51°,65,67,71, (48,60°,68,70,77,79)
improvement 72°73,75,76,78)
No improve- (57,64) (53,54) (54— (50,52,54,58,67,7781F)  (51,54,69) (43,444,59,66) (42,4549-51°525361—  (41,43,44 M,59,60° 81Vil)
ment or decline 56,58,66) 64,72°,74,78°80)
Summary ° 3/5 6/8 3/8 6/13 3/6 3/7 11/27 7/13
Between-Group
Significant dif-  (56) (40) (50) - (69) (@4 (71,72°73) (44 M,60°)
ferences
No group differ-  (57) (25,53-55) (54-56) (50,54,67,80,81) (54) (43,59) (25,43,45,46,50,53,61—  (41,43,44Vi,59,60°81Vi)
ences 63,67,72°74,80,81)
Summary ° 172 1/5 1/4 0/5 1/2 0/3 317 2/9
Changes in Mindfulness
Within-Group
Significant (64,65) (55) (51,55) (67,75-77) (51,69) (59,70) (51,64,65,67,73,75,76)  (59,60,70,77)
improvement
No improve- - (25) - (68,77) (68) (43,68) (25,45,63) (43,68,77)
ment or decline
Summary ? 2/2 1/2 2/2 4/6 2/3 2/4 7/10 4/7
Between-Group
Significant - (55) (55) (67) - (59,70) (67,73) (59,60,70)
improvement
inlG
No group differ- - (25) - - (69) (43) (25,45,63) (43)
ences
Summary ? 0/0 1/2 11 11 0/1 2/3 2/5 3/4

@ Amount of outcomes demonstrating an effect in the same, positive (health-promoting) direction

P Indicates multiple study outcomes within one category; IG =Intervention group; “Improvement” refers to significant positive changes in health-promoting behavior
(i.e., more fruit consumption, lower sugar intake) or mindfulness from baseline; “Within group” refers to effects on outcomes in the mindfulness condition from pre-to-
post assessment.; “Between-Group” refers to effects on outcomes between the mindfulness intervention group versus a control group;  =decline in health-promoting
behavior; F=Fruit consumption; V=Vegetable consumption, M= Moderate physical activity; Vi=Vigorous physical activity. Dashes signify “non-applicable”. Numbers
in parentheses are bibliography numbers. Due to sample size limitations and lacking statistical information, [81] was omitted from this table.

Moderate- to Vigorous Physical Activity (MVPA) Twelve
articles reported on MVPA. Three studies separately
assessed moderate and vigorous PA engagement [43, 58,
76]. Seven of thirteen MVPA outcomes improved at the
within-group level (see Table 2). Of the nine MVPA out-
comes at the between-group level, improvements were
found in two studies [43, 59].

Mixed-intensity physical activity Twenty-three studies
did not make a distinction between light-intensity and
MVPA and assessed an outcome such as the frequency
of PA engagement (e.g., daily or weekly). Of the studies
assessing within-group changes, 40% (n=11) of the out-
comes improved over time (see Table 2). Of those stud-
ies, the level of engagement in PA post-program was no
longer significant at the 2- or 3-month follow-up in three
of those studies [64, 74, 75]. Sixteen separate studies

reported between-group differences. Three PA outcomes
significantly improved at the between-group level [70—
72], while the rest did not (Table 2).

Changes in mindfulness

In total, 17 of the 44 studies (38.6%) measured within-
group changes in mindfulness using a validated self-
report scale (Table 2). One study measured both changes
in state and dispositional mindfulness [76]. At the
within-group level, 66.6% (n=11) of the mindfulness out-
comes increased. Of note, five of the 17 studies reported
changes in mindfulness using different subscales that
reflect underlying mindfulness facets (e.g., non-judging).
These studies reported significant changes in all mind-
fulness facets of the Five Facet Mindfulness Question-
naire (FFMQ) from pre- to post-test [50, 64, 66, 72, 75].
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Eleven of the 44 studies evaluated between-group differ-
ences in mindfulness at the post-test (25%). Mindfulness
increased significantly relative to a control group at post-
test in six (54%) of the eleven studies (see Table 2).

Common intervention components of effective studies

To better understand the potential effective ingredients
of the UMBIs showing a significant improvement at the
between-group level (see Table 2), we compared these
eight studies regarding their key intervention com-
ponents. The four studies demonstrating significant
improvements on different dietary behaviors (i.e., eat-
ing a balanced diet, energy, fat, and sugar intake; [39,
49, 55, 68] administered interventions that typically (i)
lasted longer than six weeks with 2-h long sessions, (ii)
were employed in an individual setting, (iii) did not uti-
lize an e-health component, (iv) included both formal
and informal practices, (v) practiced body-centered
meditation, (vi) taught eating-specific mindfulness, and
(vii) addressed emotion regulation. Three of the studies
applied more than one additional BCT (shaping knowl-
edge, repetition, goal setting, and associations). The
four studies demonstrating a significant improvement
in moderate and mixed PA behavior [59, 70-72] con-
sistently administered interventions that (i) taught both
meditation with movement and body-centered medi-
tation and (ii) taught PA-specific mindfulness. These
studies each applied one BCT (shaping knowledge,
feedback and monitoring, or associations).

Risk of bias

Study quality was summarized into six bias catego-
ries as well as one global rating. The majority of stud-
ies were deemed “weak” (n=32), with the remaining
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studies obtaining a moderate (n=11) or strong (n=1;
[58] score. Half of the studies showed great selection
bias (n=26), and the majority lacked information on
blinding procedures (n=39). The distribution of bias
ratings per category and global rating is presented in
Fig. 2. Additional information on risk of bias can be
found on OSF (osf.io/3jv2f).

Discussion

This review investigated the effectiveness of UMBIs to
promote healthy dietary behavior and PA. Although
there were favorable changes in dietary quality and
energy intake at the within-group level, there was no
strong evidence for between-group differences for die-
tary and PA outcomes. Our review indicates that UMBIS,
as applied and evaluated in the included studies, did not
show evidence regarding their effectiveness in modifying
dietary and PA behavior in healthy adults. Forty percent
of the studies evaluated changes in mindfulness alongside
behavioral outcomes, of which two-thirds found signifi-
cant between-group improvements.

Intervention components

The reviewed studies inconsistently applied formal (i.e.,
intentional commitment to practice) and informal (i.e.,
practice integrated into activities in daily life) mindful-
ness but frequently utilized body-centered meditation
or meditation with movement. Across all studies, we
found great variation in the practice setting (i.e., group,
individual or both) and the program duration. Although
programs often contained one or multiple core compo-
nents also included in standardized MBSR (i.a., body-
scan, breath-focused attention, hatha yoga; Kabat-Zinn

0 5 10 15 20 25 30 35 40 45
Overall [l S S ——
Withdrawals _ _
Data Collection | I S

Blinding [l
Confounders
Design
Selection Bias [l

m Strong Moderate

m Weak ®Not Applicable

Fig. 2 Bar plots depicting the distribution of risk-of-bias judgments within each bias domain and overall judgment
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[17], our findings suggest an inconsistent and diverse
application of these intervention components within the
studied articles. The observed heterogeneity in interven-
tion components across articles poses a challenge to the
systematic evaluation of specific mindfulness training
methods in health promotion. As the rationale and selec-
tion process for specific intervention components remain
unclear, there is a need for future research to evalu-
ate and provide justification for the inclusion of specific
components in UMBIs.

This review also found that the UMBIs often con-
tained additional active ingredients related to behavior
change (i.e., intervention components designed to mod-
ify the causal processes that underlie behavior regula-
tion; Michie et al. [36]). Although addressing relevant
determinants through a combination of behavior change
strategies is essential for the promotion of health behav-
iors, the integration of UMBIs and BCTs can obscure the
effects of either approach. Improvements in behavioral
outcomes cannot be attributed to mindfulness alone due
to the presence of such secondary intervention compo-
nents (i.e., strategies that may cloud the effects of mind-
fulness processes). To combat the influence of secondary
intervention components, Isbel and Summers [82] pro-
vide an explanatory framework for systematically tar-
geting specific mindfulness components in longitudinal
RCTs. Their model presents a standardized technique to
target both attentional and non-evaluative components
in the absence of unwarranted intervention components.
Applying such a standardized framework may assist with
the design, implementation, and isolated evaluation of
mindfulness-based components.

Changes to health behaviors

The outcomes of the between-group comparisons
showed that the UMBIs reviewed in the present study
were ineffective in changing dietary behaviors. This is in
line with a review by Grider et al. [11] that showed no sig-
nificant benefits of unstandardized intuitive and mindful
eating interventions on dietary intake in healthy samples.
One explanation for the absence of effects may be the
complexity of changing healthy eating behavior [83]. It
may also be possible that (i) the intervention components
were not strong enough to address the range of envi-
ronmental and social-cognitive determinants of healthy
dietary intake and (ii) that the UMBIs as currently imple-
mented were not strong enough to result in changes in
dietary behavior. It is also possible that (U)MBIs may
have a greater potential to reduce health risk behaviors,
such as increased energy intake, than a promotive behav-
ior encouraging increased consumption of healthy foods.
In our review, we observed within-group differences in
both diet quality and energy intake that may support this
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explanation. Although there is some evidence to support
the positive impact of mindfulness on various energy-
balance behaviors [8, 10], it may be that its influence on
behavior change is limited to certain populations, con-
texts, or specific behaviors, and not in the general healthy
population as included in our review. Whereas health
risk behaviors are often cue- or impulse-based with high
arousal (e.g., environmental stimuli or internal, emotional
triggers for food intake) and short-term rewards [84],
health-promoting behaviors may be less likely to harbor
such a component. Therefore, it is likely that reductions
in health-risk behaviors (e.g., emotional eating, overeat-
ing) may benefit more from the awareness and attitudinal
processes encapsulated by mindfulness than health-pro-
moting behaviors (e.g., increasing fruit consumption)
without a strong emotional trigger. It is crucial for future
research to explore the potential boundaries and limita-
tions of (U)MBIs for promoting healthy dietary behavior.

Further, although 40% of the mixed-intensity PA out-
comes showed an improvement at the within-group
level, our results indicate that UMBIs did not result in
an improvement in PA at the between-group compari-
son. Although prior research suggested an association
between dispositional mindfulness and PA [30], a past
review found that 8/20 of the reviewed standardized
and UMBIs promoted PA behavior [9]. In line with the
latter finding, our results suggest that the current imple-
mentation and evaluation of UMBIs are not effective in
inducing significant behavioral changes. One potential
explanation for our findings may be related to the con-
trol groups’ activities (e.g., standard lifestyle/health pro-
motion intervention, loving-kindness meditation) that
diminished the differences between the intervention
and control groups. Second, in contrast to standardized
applications of mindfulness that follow a specific set of
exercises to promote mindfulness, UMBIs may target
mindfulness elements less consistently. Third, due to
the complex combination of inner-individual motiva-
tions, skills, and environmental factors that determine
PA behavior [83], it is possible that (i) the duration of the
intervention and follow-up assessments were insufficient
for PA behavior changes to emerge and (ii) intervention
elements did not successfully address cognitive and envi-
ronmental determinants. Further longitudinal studies are
warranted to investigate the relationship between psy-
chosocial determinants of PA behavior and mindfulness
elements.

Concerning the quality of evidence, most of the
reviewed studies showed multiple limitations regard-
ing the selection of participants, blinding, withdrawal,
data collection tools, and the study design. Similar limi-
tations in MBIs have previously been identified by Sch-
neider et al. [9]. Half of the reviewed studies did not use
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a randomized controlled design to examine changes in
health behaviors. This is problematic, as the sole evalu-
ation of pre-post effects potentially includes effects that
may have occurred regardless of the mindfulness inter-
vention. However, as the majority of reviewed studies
did not identify improvements in health behaviors at the
within-group level, there may also be limited prospects
for effects at the between-group level. Considering the
high risk of bias, the current evidence is insufficient to
draw firm conclusions about the effectiveness of UMBIs.

Changes in mindfulness

Our findings showed a between-group improvement
in mindfulness in about half of the studies that assessed
mindfulness relative to a control group. This suggests
that the intervention was effective in some cases but not
others, potentially due to differences in intervention con-
ditions, characteristics, or the populations studied. In
the majority of studies, observed changes in mindfulness
were not reflected in health behavior changes. UMBIs
may thus have been insufficient for modifying (i) regu-
lar mindfulness practice behavior and/or (ii) underlying
mindfulness skills linked to behavioral outcomes. This is
in contrast to studies utilizing standardized MBSR that
tend to target health outcomes and mindfulness more
effectively [18].

It is particularly concerning that less than 40% of the
reviewed studies investigated changes in mindfulness,
with only 11% (i.e. 5 of all 44 studies) measuring mind-
fulness subscales to distinguish between awareness and
attitudinal, acceptance mechanisms. Studies must evalu-
ate the mechanisms of change involved in mindfulness
to assess (i) what skills were successfully trained by the
intervention and (ii) which mindfulness skills have the
greatest impact on behavior change. Without employ-
ing a validated measure, researchers cannot confidently
determine whether changes in behavioral outcomes were
caused by mindfulness. To advance the field, it is crucial
that researchers systematically investigate mindfulness
practice behavior as well as changes in dispositional and
state mindfulness, applying optimal measurement instru-
ments. Future studies should apply a consistent frame-
work of mindfulness to systematically target and test its
active mechanisms. For the purpose of standardizing
mindfulness in health promotion, Preissner et al. [85]
proposed a conceptual model describing the process of
arriving at a complete conceptualization and measure-
ment of mindfulness components. It may be valuable to
consider such a framework to make an informed decision
on and to align the specific mindfulness components in
one’s operational definition and measurement.
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Strengths and limitations

To our knowledge, this is the first review explicitly focus-
ing on unstandardized MBIs applied to health behavior
change in healthy populations. One key strength of this
systematic review is its separation of health behaviors
into multiple sub-behaviors. Second, due to the broad
spectrum of practices applied under the term “mind-
fulness” [86, 87], interpreting the effectiveness of MBIs
across standardized and unstandardized treatment pro-
tocols may inflate the estimated benefits of mindfulness
for changing health behaviors. Our review overcame this
limitation by specifically evaluating the effectiveness of
unstandardized programs.

Despite these strengths, we acknowledge the following
limitations: First, studies were not excluded for admin-
istering a self-compassion intervention (which includes
mindfulness as a sub-facet) as opposed to purely mind-
fulness. A recent meta-analysis found self-compassion
interventions to have a negligible impact on increasing
mindfulness [88]. We still opted to retain such programs
when increasing mindfulness was mentioned as one of
the primary intervention targets.

Second, we excluded potentially relevant studies
describing mixed samples that did not report outcomes
for treatment-seeking and non-treatment-seeking adults
when no distinction in the outcomes could be made for
the two groups (e.g., [89]). As approximately one fifth of
the adult population is estimated to have an underlying
health condition [90, 91], mixed samples may have been
representative of this target population. However, from the
standpoint of developing tailored intervention programs
to suit specific contexts and populations, we decided to
focus our investigation on one specific group without
severe health conditions. This is crucial because the inter-
vention targets for populations with and without severe
health conditions may vary depending on a number of fac-
tors associated with health behavior change [92]. There is
a need for further fundamental research on specific health
promoting behaviors to establish the effectiveness of MBIs.

Third, our review did not pool fitting studies from the
previous review on PA outcomes [9] with studies published
since, as this was outside the scope of the present review.
As such, we acknowledge that the overview of studies
could be more extensive. We also acknowledge that the
comparison of intervention components conducted in this
study on the small number of effective studies with differ-
ent outcomes represents a rudimentary analysis. Although
it offers some valuable insight into the potentially relevant
intervention components, researchers should nevertheless
exercise caution when interpreting these findings.

Fourth, even though we employed a systematic review
approach, we did not apply full double screening and data
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abstraction by two independent reviewers. Due to the vast
amount of hits, it was not possible to verify all abstracts.
We therefore limited this to the verification of 10% of
excluded abstracts, and 20% for the update, as well as full-
text verification. We cannot rule out that potentially rel-
evant articles may have been wrongfully excluded because
of this, but as that there was only one excluded record
that needed discussion after the double verification of
1,670 excluded abstracts, we believe that the chance
of having missed important records is minimal. Also,
because of the experience of CEP with data abstraction,
we believe that the risk of inaccuracy in data abstraction
is low. Extracted information on study methods, interven-
tion components, measurement, and effects was verified
by a second reviewer during the risk of bias assessment. If
any important information had been missed during data
abstraction, it is likely that another risk of bias reviewer
(NCB or KB) may have identified it. Additionally, CEP,
AO, and DdR carefully reviewed the data included in the
tables and ensured accuracy by monitoring the translation
of data extraction documents into table format.

Implications

This review indicates a number of methodological limi-
tations that may hinder drawing a strong conclusion
on the effectiveness of UMBIs (i.e., without a standard-
ized mindfulness framework or protocol) for promoting
health behaviors. To enhance our understanding of the
effectiveness of (U)MBIs in modifying healthy dietary
and PA behaviors, it is crucial to carefully plan the con-
tent of such interventions. Interventions may benefit
from adhering to standardized frameworks and treat-
ment protocols as well as from incorporating estab-
lished frameworks. Such guidelines can ensure the MBI
is administered without secondary components that may
cause changes in health behaviors in the absence of mind-
fulness. Further research would also benefit from explicit
component or dismantling studies to shed light on what
the active ingredients of (U)MBIs should be. Such stud-
ies could compare the effects of an isolated component
(e.g., a certain meditation technique aiming to increase,
e.g., non-evaluative/acceptance components), with a ver-
sion of the intervention that excludes this component.
Furthermore, considering the predominantly low study
quality identified in this review, it is imperative to eval-
uate future interventions using robust and adequately
powered between-group study designs, allowing for a
rigorous assessment of their efficacy. In this regard, it is
essential to measure changes in mindfulness throughout
the intervention period to gain insight into the potential
mechanisms underlying behavior change.
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Conclusion

This review demonstrates limited evidence of the effec-
tiveness of unstandardized mindfulness interventions
(i.e., applied outside of standardized, therapeutic inter-
ventions) to promote dietary and PA behaviors. Future
studies should (i) make use of randomized controlled
designs with active comparison conditions, (ii) con-
duct component studies to shed light on the active
ingredients of (U)MBIs, (iii) utilize standardized MBI
protocols outlining active ingredients to promote
the rigorous, systematic testing of mindfulness in the
absence of secondary intervention elements, and (iv)
examine changes in mindfulness components (e.g.,
awareness, acceptance) over time using suitable, vali-
dated measures.
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