Universitit Augsburg
Universititsbibliothek

OPEN a ACCESS
OPUS AUGSBURG

Mindfulness-based and mindfulness-informed
interventions at the workplace: a systematic review and
meta-regression analysis of RCTs

Maren M. Michaelsen, Johannes Graser, Miriam Onescheit, Matthias P.
Tuma, Lena Werdecker, Dawid Pieper, Tobias Esch

Angaben zur Veroéffentlichung / Publication details:

Michaelsen, Maren M., Johannes Graser, Miriam Onescheit, Matthias P. Tuma, Lena
Werdecker, Dawid Pieper, and Tobias Esch. 2023. “Mindfulness-based and
mindfulness-informed interventions at the workplace: a systematic review and
meta-regression analysis of RCTs.” Mindfulness 14 (6): 1271-1304.
https://doi.org/10.1007/s12671-023-02130-7.

Nutzungsbedingungen / Terms of use: CCBY 4.0

Dieses Dokument wird unter folgenden Bedingungen zur Verfiigung gestellt: / This document is made available under these conditions:

CC-BY 4.0: Creative Ci g @ @
Weitere Informationen finden Sie unter: / For more information see: B

https://creativecommons.org/licenses/by/4.0/deed.de



https://doi.org/10.1007/s12671-023-02130-7
https://creativecommons.org/licenses/by/4.0/deed.de

Mindfulness (2023) 14:1271-1304
https://doi.org/10.1007/5s12671-023-02130-7

REVIEW q

Check for
updates

Mindfulness-Based and Mindfulness-Informed Interventions
at the Workplace: A Systematic Review and Meta-Regression Analysis
of RCTs

Maren M. Michaelsen'® - Johannes Graser? - Miriam Onescheit’ - Matthias P. Tuma" - Lena Werdecker' -
Dawid Pieper®* - Tobias Esch'

Accepted: 10 April 2023 / Published online: 11 May 2023
© The Author(s) 2023

Abstract

Objectives Positive effects of mindfulness-based interventions (MBIs) on occupational health have been demonstrated
by several systematic review studies during the last two decades. So far, existing reviews excluded mindfulness-informed
interventions (MIIs) that build on informal approaches or mixed techniques aiming at improving mindfulness indirectly.
To address this research gap, the present comprehensive meta-analysis synthesizes the results of RCTs of MBIs and MIIs
conducted in various workplace settings.

Method A systematic literature search was conducted in five electronic databases complemented by manual search. Ran-
dom-effects models were used to synthesize standardized mean differences (SMDs) for 25 outcomes and seven overarch-
ing categories of outcomes, and to detect various temporal effects. Meta-regressions were run to elucidate average SMDs
between mindfulness intervention types and intervention and population characteristics, with the goal of detecting sources
of heterogeneity and help guide the selection of the most appropriate mindfulness intervention type.

Results Based on 91 eligible studies (from 92 publications), including 4927 participants and 4448 controls, the synthesis
shows that MBIs and MIIs significantly improve mindfulness (SMD =0.43; 95%-CI [0.33;0.52]), well-being (SMD =0.63;
95%-CI [0.34;0.93]), mental health (SMD =0.67; 95%-CI [0.48;0.86]), stress (SMD =0.72; 95%-CI [0.54;0.90]), resil-
ience (SMD =1.06; 95%-CI [-0.22;2.34]), physical health (SMD =0.45; 95%-CI [0.32;0.59]), and work-related factors
(SMD=0.62; 95%-CI [0.14;1.10]). Sensitivity analyses demonstrate a tendency towards smaller effect sizes due to extreme
outliers. Effect sizes are stable in short-term follow-up assessments (1-12 weeks) for most outcomes, but not for long-term
follow-up assessments (13-52 weeks). Meta-regressions suggest that observable intervention characteristics (e.g., online
delivery) and population characteristics (e.g., age of participants), as well as study quality, do not explain the prevalence of
heterogeneity in effect sizes.

Conclusions Generally effective, mindfulness interventions are a useful tool to enhance aspects of employee health. How-
ever, because of heterogeneity and risk of bias, studies aiming at high-quality data collection and thorough reporting are
necessary to draw firm conclusions.

Preregistration A protocol of this systematic review was registered with PROSPERO (Registration-No. CRD42020159927).

Keywords Mindfulness-based interventions - Mindfulness-informed interventions - Occupational health - Systematic
review - Meta-analysis

Mind-body interventions are based on the concept that the
mind and body are interconnected and mutually influence
one another (Esch & Brinkhaus, 2020). These interventions
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have been found to reduce stress and promote overall health
and productivity, often by increasing mindfulness among
those who practice them (Esch & Brinkhaus, 2021). Mind-
fulness is understood as the intentional focus on bodily
sensations, emotions, and thoughts, with the aim of devel-
oping awareness and nonjudgmental acceptance of these
experiences (Grossman, 2015). Mindfulness interventions
are gaining popularity in public and private organizations,
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where employees and leaders are increasingly encouraged
to improve their mindfulness levels directly, or indirectly,
through a variety of interventions (Vonderlin et al., 2020).

The scientific literature has identified a range of positive
outcomes associated with mindfulness practice. For exam-
ple, improving mindfulness promotes attention regulation,
body awareness, emotion regulation, and self-awareness
through neurological or neurophysiological changes (Esch,
2014; Holzel et al., 2011) beyond the well-known reduc-
tion of stress. These skills can contribute to, e.g., enhanced
well-being and other beneficial resources (Gu et al., 2015).
Training in mindfulness can be facilitated through a vari-
ety of formal and informal techniques, as well as through
programs that combine several exercises. These techniques
can be defined as a family of “complex emotion- and atten-
tion-regulatory trainings” that are applied to achieve a
variety of goals such as the development of well-being and
emotional balance (Lutz et al., 2008, p. 163). These tech-
niques, or combinations of techniques, can be categorized
as either mindfulness-based interventions (MBIs) or mind-
fulness-informed interventions (MIIs) (Michaelsen et al.,
2021). MBIs typically focus on learning or improving
mindfulness as the main mechanism of action and involve
formal mental exercises, such as breathing meditation or
body scan. The particularly well-known “Mindfulness-
Based Stress Reduction” (MBSR) program developed by
Kabat-Zinn (1982), for example, is one of these methods.
These formal techniques also influence so-called “informal
mindfulness” through training effects established during
the course of the program. These training effects include,
e.g., increased attention in the present moment, an aspect
that is also becoming more and more prevalent in everyday
activities (Birtwell et al., 2019). Thus, effects derived from
formal mindfulness concepts also increasingly influence
informal components (Crane et al., 2014).

MIIs are influenced by the practice and philosophy of
mindfulness, as well as other methodologies, that shape
programs that are geared towards achieving specific out-
comes, such as improving communication skills or physi-
cal flexibility (Crane et al., 2017; Griffith et al., 2019).
These approaches promote mindfulness indirectly in a
variety of ways, for example by means of breathing exer-
cises or mindful movement sequences found in practices
like yoga, tai chi, or gigong (Gaiswinkler & Unterrainer,
2016; Shelov et al., 2009). MlIs further include techniques
that focus on promoting relaxation, acceptance or com-
munication and do not exclusively utilize mental or formal
mindfulness exercises for this purpose (Crane et al., 2017;
Esch, 2020). The key difference is that MBIs place greater
emphasis on cultivating mindfulness and present-moment
awareness, while MIIs use mindfulness practices as one
tool among others to achieve specific goals.
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The distinction between MBIs and MIIs can be explained
by the example of breathing-related exercises. The afore-
mentioned breathing meditation is a mindfulness-based
practice that involves focusing one’s attention on the breath,
observing the natural flow of the breath and the sensations
associated with it, and returning one’s attention to the breath
whenever the mind wanders. The aim of breathing medita-
tion is to cultivate present-moment awareness and develop
greater concentration and mental clarity. Breathing exer-
cises, on the other hand, are mindfulness-informed prac-
tices that may involve focusing on the breath, but are typi-
cally more structured and goal-oriented. Breathing exercises
often involve specific patterns of inhaling and exhaling, such
as deep breathing or alternate nostril breathing, and may
be used to achieve specific physiological or psychological
effects, such as stress reduction or improving lung func-
tioning. The difference between these two practices is that
breathing meditations are primarily focused on developing
mindfulness and present-moment awareness, while breathing
exercises are primarily focused on achieving specific physi-
cal or psychological outcomes. Yet, by engaging in breathing
exercises, and its steady focus on the repetitive breathing
manipulation, mindfulness can be improved indirectly.

The field of meditation and mindfulness interventions has
experienced a rapid expansion in both general and medi-
cal contexts, as evidenced by the growing number of inter-
vention studies and reviews (Creswell, 2017). There are a
number of systematic reviews on the overall effectiveness
of mindfulness programs in general (Eberth & Sedlmeier,
2012; Goyal et al., 2014; Ospina et al., 2007; Querstret et al.,
2020), for mental disorders (Sedlmeier et al., 2012; Van-
campfort et al., 2021; Virgili, 2015) and for specific medical
indications, e.g., chronic pain or breast cancer (Crain et al.,
2017; Cramer et al., 2012a, b; Khoo et al., 2019). System-
atic literature reviews on specific additional aspects exist,
for example demonstrating the effectiveness of mindfulness
training or meditation in changing neuronal structures (Fox
et al., 2014; Gotink et al., 2016; Wang et al., 2021).

Systematic reviews and meta-analyses of mindfulness
studies in the work context have demonstrated that both
deficit-oriented parameters, such as burnout and depres-
sion, as well as resource-oriented parameters, such as job
satisfaction and work performance, can be improved through
mindfulness-based programs (Bartlett et al., 2019; Lomas
et al., 2019; Richardson & Rothstein, 2008; Vonderlin et al.,
2020). The evidence varies, however, from review to review
and several questions regarding the impact of mindfulness
training in the work context remain unanswered. Specifi-
cally, it is unclear what aspects, e.g., health, well-being, or
work-specific factors, can be improved by which type of
mindfulness training. Furthermore, the overall effective-
ness has not yet been conclusively clarified, nor have distinct
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features of interventions, e.g., homework, or the duration of
the interventions, been fully evaluated. In addition, existing
reviews of mindfulness interventions in workplace settings
have focused primarily on mindfulness-based interventions,
with relatively little attention given to mindfulness-informed
approaches.

Mindfulness interventions can be delivered in various
formats, including group-based sessions with face-to-face
interaction between trainers and participants, or individual
sessions, where a trainer works on a one-on-one basis with
an employee. Additionally, both types of teachings can be
delivered through digital platforms, e.g., online seminars,
webinars, or mindfulness apps. The use of digital formats
to promote health and well-being in the workplace has been
increasing even prior to the COVID-19 pandemic, as evi-
denced by the growing amount of studies investigating digi-
tal formats (e.g., Bostock et al., 2019; Coelhoso et al., 2019;
Lilly et al., 2019).

Our present work aims to provide a comprehensive statis-
tical evaluation of a wide body of studies on MBIs and MIIs
at the workplace which have been published since the analy-
ses by Ospina et al. (2007, 2008). Due to a strong increase in
the number of publications on MBIs in the work context, a
renewed analysis is deemed appropriate and timely. In addi-
tion, to the best of our awareness, this is the first review to
incorporate mindfulness-informed, rather than exclusively
mindfulness-based, interventions. Expanding the scope of
interventions studied is important, as there are a substantial
number of intervention programs conducted in the real world
for which there is currently no collective evidence of their
effectiveness.

In this review, we pursued four main objectives. Firstly,
we aimed to review both mindfulness-based and mindful-
ness-informed workplace interventions, and to identify their
average effect sizes on well-being-, health-, and work-related
outcomes. To achieve this objective, we analyzed studies in
context of intervention types and outcome categories, and
performed meta-regression analyses to provide additional
analysis at a medium level of granularity. Secondly, we
aimed to investigate the strength of the effects over time by
looking at short- and long-term follow-up data. Thirdly, we
aimed to identify the potential influence of different delivery
modes of workplace mindfulness interventions, including
online vs. analogue, and in-group vs. independent practice.
Finally, we examined whether specific training characteris-
tics, such as homework and intervention duration, correlate
with the strength of the interventions’ effects.

These aspects are particularly relevant when translat-
ing research into practice. As outlined above, the last two
decades of research on mindfulness interventions demon-
strated beneficial effects in various settings. Yet, employ-
ers increasingly face the challenge of identifying offers that
are both effective and resource-oriented, while also being

well-received by employees. Self-guided and homework-
based interventions are attractive formats of delivery from
an employer’s perspective, but there are concerns that they
may overly dilute well-established and proven mindfulness
programs. As part of our comprehensive analyses, the pre-
sent study provides insight into both lines of arguments with
concrete practical relevance to employers interested in pro-
viding MBIs or MlIs at the workplace.

Method

The reporting of this systematic review and meta-analysis
followed the expanded PRISMA checklist 2020 (Page et al.,
2021) (see Supplementary Online Material, Table S1.1). As
recommended by Cochrane (Lefebvre et al., 2021), all steps
of study selection, data extraction and risk of bias assess-
ment were conducted independently by two authors. Con-
flicts were discussed between the two researchers and unre-
solved conflicts were solved by a third researcher.

Search Strategy

In order to identify all relevant studies, a systematic litera-
ture search was conducted in PubMed, PubPsych and Psy-
cInfo, Scopus, and Cochrane CENTRAL in November 2019.
The full search strategy can be found in Table S2.1. The
following eligibility criteria were defined for the selection
of relevant studies: Due to the large number of published
studies on mindfulness in the workplace, only studies based
on a randomized controlled trial (RCT) design were included
in this review. RCTs with all types of control groups were
included. Only individually randomized controlled tri-
als were included; i.e., cluster-randomized studies were
excluded, in order to increase comparability between study
results. Specifically, interventions were required to be based
on the central guiding principle of promoting mindfulness,
and this had to be clearly recognizable in the description
of the study. This means that all intervention descriptions
mentioned either the explicit aim of increasing mindful-
ness or self-awareness (e.g., of bodily sensations, affect, or
thoughts), or used mindfulness techniques to achieve other
outcomes. Hence, in addition to classical MBSR or medi-
tation interventions, we included interventions which are
based on mindfulness-informed practices, such as yoga,
acceptance and commitment therapy (ACT), or breathing
exercises. The number or share of hours in the interven-
tion related to mindfulness was irrelevant (as compared to
Vonderlin et al., 2020), as long as mindfulness or its func-
tions (e.g., increasing bodily awareness) was mentioned in
the description of the intervention. Excluded are studies that
examined health promotion on, for example, the basis of
positive psychology (e.g., Feicht et al., 2013), but which
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did not pursue mindfulness as a central guiding principle.
These inclusion criteria allow both mindfulness-based and
mindfulness-informed interventions to be considered. We
included only studies that analyzed mindfulness interven-
tions that were offered in the workplace or initiated by the
employing organization, with working adults as the target
population. Another requirement for the inclusion of a
study was its (online) publication between January 2005
and November 2019 in German or English language peer-
reviewed scientific journals. The choice of the start date is
based on the search period of the review by Ospina et al.
(2007, 2008), which is the first comprehensive review
on mindfulness interventions and serves as an important
knowledge base for the current review. In addition, the two
previous reviews by Bartlett et al. (2019) and Lomas et al.
(2019) have not found any workplace mindfulness interven-
tions published before 2005. Supplementary material of
retrieved studies was screened for information, and study
protocols were downloaded if available. Authors were con-
tacted by e-mail for additional information, such as means
(M), standard deviations (SD), and number of participants
(N) of intervention and control groups after the interven-
tion, if not available in the authors’ publications. These
data were mandatory in order to determine whether studies
could be included in the present meta-analysis. Conference
abstracts were not included. The Rayyan software (rayyan.
ai) was used to collect all search results and to screen titles
and abstracts.

Data Extraction

Data extracted from the articles to a central Excel file
included name of the intervention (original title), type of
control group (active, passive or waiting list), mode of
delivery of the mindfulness training, including in-class vs.
individual training, online vs. offline, (additional) one-on-
one support, the use of additional material, total duration
of the intervention in hours and weeks, training location (at
the workplace, centralized at a location outside the work-
place, location-independent), whether the training took place
during or outside working hours, and whether homework
was compulsory. In addition, the number of participants
per group at different measurement times, the mean age
of participants, and the share of female participants were
extracted. Furthermore, we extracted the country in which
the intervention took place and the occupation of the study
population. We noted means and standard deviations of
all outcomes and the specific instruments used at all time
points, i.e., pre-intervention (before =TO), post-intervention
(immediately after the end of the intervention="T1), and all
follow-ups. Follow-ups were aggregated into two time peri-
ods for analysis, namely 1 to 12 weeks (short-term) and 13
to 52 weeks (long-term). If studies had collected data more
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than once within these time periods, we chose to include
the data referring to the shorter time period in our analysis.
Some articles contain intermediate results, i.e., those col-
lected during (e.g., in the middle of) the intervention. These
were not extracted for the present study due to limited means
of comparability. We also used timing of data collection as
a continuous variable to detect the influence of time since
the end of the intervention on intervention effectiveness. We
analyzed only those outcomes that had been investigated by
at least four of the identified studies. This decision on the
minimum number of four studies per outcomes is in line
with other reviews: Lomas et al. (2019) evaluated results
from at least five studies, Bartlett et al. (2019) defined a min-
imum number of three studies, and Vonderlin et al. (2020)
evaluated parameters represented by at least four studies. In
this way, a balance is sought between the representation of
the versatility of the effects of mindfulness interventions and
the individual significance of the outcomes. Aspects exam-
ined in only few cases, such as aggression, fatigue, cogni-
tion, and various physiological markers, have therefore been
omitted. Outcomes are aggregated into broad categories as
explained below.

To assess the risk of bias, we calculated a dropout rate
based on the reported numbers of observations in the texts.
When dropout rates were not provided at all measurement
points in the publication, we assumed no drop-outs occurred
during the intervention. It is important to acknowledge that
some articles contain contradictory information. To address
this, we extracted either the most plausible or the most fre-
quently mentioned information. If there was no information
available, the gap was marked as “na” (not available).

Outcome Measures

The unexpected high number of studies including more than
400 different instruments (physiological outcomes, ques-
tionnaires, VAS, etc.), which were detected in the screening
process, required categorization of outcomes. Therefore,
all outcome measures were grouped into seven overarching
categories with a total of 25 detailed subcategories. These
categories are similar to those in Bartlett et al. (2019), and
Vonderlin et al. (2020), and are outlined as followed and
defined in Table S3.1. (1) Mindfulness is a parameter that
is self-assessed through different questionnaires, such as
the Five Facets Mindfulness Questionnaire, (2) Well-being
parameters are comprised of self-assessed life satisfac-
tion, relaxation ability/state of relaxation, self-compassion,
subjective well-being, and self-efficacy, (3) Mental health
parameters were also self-assessed by the participants, and
are comprised of subjective information on various aspects
of mental risk factors or illnesses, specifically affect, anxi-
ety, burnout, depression, psychological inflexibility, sleep
quality/impairment and subjective mental health, (4) Stress
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is represented by the parameter perceived stress, which is
self-assessed though various questionnaires, (5) the param-
eter Resilience is also measured by different questionnaires,
(6) Physical health parameters include both objective physi-
ological factors that were taken by the study team and meas-
ure participants’ blood pressure, heart rate and heart rate
variability (HRV), as well as subjective parameters including
pain, and subjective physical health, (7) Work-related factors
are outcomes that are directly related to the work context and
include work engagement, absenteeism and productivity;
these factors were also self-assessed in the studies included
in the present analysis.

A detailed description of the subcategories (Table S3.1),
including a list of instruments used and their assignment
to outcome categories (Table S3.2), can be found in Sup-
plementary file S3. The process of assigning instruments
to (sub-)categories involved subjective assessments by the
study team. We aimed to assign outcomes to similar cat-
egories as it was previously done in systematic reviews on
mindfulness interventions in the workplace. However, pre-
vious reviews have not been fully consistent in assigning
outcomes to categories. For example, Vonderlin et al. (2020)
have assigned the parameters affect and relaxation to the
category “well-being and life satisfaction”, and Lomas et al.
(2019) have assigned life satisfaction, positive affect and
resilience to the category “positive well-being”. As there is
no uniform approach in the literature as to how psychologi-
cal and subjective parameters causally relate to each other,
an attempt was made to classify the parameters examined
in as much detail as possible and in a way that does justice
to the working context, while at the same time allowing for
comparison to previous studies.

Risk of Bias Assessment

The Cochrane Collaboration’s risk-of-bias (RoB) tool 2.0
for RCTs was used to assess the potential for selection bias,
performing bias, detection bias, attrition bias, reporting
bias, and overall bias in the results of the studies analyzed.
We included information from study protocols where this
information was available. Risk of bias for each study was
assessed for the subjective outcomes (such as stress, burn-
out, and mindfulness). Separate assessments for the objec-
tive physiological parameters (blood pressure, heart rate,
HRYV) were not carried out due to the predominant focus
on subjective parameters within the included studies. This
has been done similarly in previous reviews, for example in
Vonderlin et al. (2020).

Synthesis Methods

The statistical software R was used to conduct the meta-
analyses. We calculated Hedges’ g using post-intervention

measures (Borenstein et al., 2009). If several instruments
or subcategories were reported for one outcome category
(e.g., all three subscales of the Maslach Burnout Inven-
tory), we calculated average mean effects (e.g., total burn-
out) with appropriate standard errors according to Boren-
stein et al. (2009) using the agg-Command from package
Mad (Version 0.8-2.1). We calculated absolute values of
all SMDs after checking for negative results, which we
did not detect. The values determined for Hedges’ g were
interpreted according to the guidance by Cohen (1988),
where Igl=0.20-0.49 is a small effect, Igl=0.50-0.79 is a
medium size effect, and Igl>0.80 is a large effect. We cal-
culated average SMDs per outcome, averaged over outcome
category using random-effects models with the restricted
maximum likelihood method using the R package meta
(version 4.18-0) and provided Forest plots including pre-
diction intervals. Random-effects models were chosen to
account for heterogeneity in the data, which is indicated in
the results by /2 and z2. The Hartung-Knapp-Sidik-Jonkman
method was used to estimate the confidence interval of
the average SMD. The aforementioned analyses were con-
ducted for the data referring to post-intervention, short-
term follow-up, and long-term follow-up. Linear mixed-
effects models were estimated for six of the seven outcome
categories based on post-intervention effects using the
metafor package (version 2.4-0). There was insufficient
data for the outcome “resilience”. These regressions
include independent variables for all intervention and pop-
ulation characteristics with less than ten percent of miss-
ing data. These are the tri-/dichotomous variables type of
control group (active vs. passive vs. wait-list), homework
(yes vs. encouraged/no), in-class (yes vs. no), online (yes
Vs. n0), one-on-one (yes vs. no), additional material (yes
vs. no), the continuous variables weeks (= duration of inter-
vention), share of female participants, and mean age of
participants, as well as a factor variable intervention_s,
which encompasses eight values according to the eight
types of interventions as described in the “Results” section.

Sensitivity Analysis

Due to notable outliers among effect sizes in almost all out-
come categories, we conducted sensitivity analyses in order
to check for more plausible overall SMD estimates. For each
model, influence analysis was conducted using the dmetar pack-
age (version 0.0.9000), which automatically provides leave-
one-out analysis as well as influence and Baujat diagnostics
as described in Viechtbauer and Cheung (2010). Studies that
indicated to distort the average effect size due to strong hetero-
geneity (based on DIFFITS, Cook’s distance, and the covari-
ance ratio) were excluded in a second set of average effect size
calculations of each model using the find.outliers command.
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Reporting Bias Assessment

Reporting bias is assessed by funnel plots including Egg-
er’s test (Egger et al., 1997) and p-curves (Simonsohn et al.,
2014) also using the dmetar package.

Results
Study Selection

In total, 248 full-texts were read and reviewed, with 92
publications meeting qualification criteria to be included in
this present systematic review. We had to exclude a large
number of studies due to not meeting the predefined inclu-
sion criteria: for example, year of publication was outside of
defined publication range (mainly incorrectly indicated in
databases), studies’ research design did not align with pre-
ferred study design (mostly study design was not indicated
in abstracts) and missing data that could not be retrieved
after contacting authors (see PRISMA chart in Fig. 1). One

study was excluded, as it contained only outcomes that had
been analyzed by less than three other studies. A high inter-
rater reliability (Cohen’s kappa) of x=0.98 was achieved
based on full-text screening. Some publications contain mul-
tiple studies examining different mindfulness interventions.
Other studies compare several relevant intervention groups
(for example, MBSR vs. yoga vs. passive control group). In
these cases, the different study arms were listed and ana-
lyzed as separate studies. Thereby, control group sizes were
divided by the number of active interventions in order to not
inflate standard errors (Riicker et al., 2017). In a few cases,
the mindfulness intervention acted as a control group. In
these cases, the terms control and intervention group were
reversed. If studies reported the results of the same mind-
fulness intervention for different target groups (for exam-
ple, employees with high and low stress levels, or men and
women), we combined the results and calculated standard
errors as suggested in Higgins et al. (2021). In total, the
evaluation comprises 91 intervention arms (= studies) from
92 published articles. A list of studies excluded after full-text
screening can be found in Supplementary file S4.

Publications found through hand search or in
other reviews

(n=188)

A

Excluded (n =4,937)

Excluded after full-text screening (n = 156)

reasons:

* Incomplete data (n = 17)

*  Wrong population (n =31)

* Duplicate (n =4)

*  Wrong intervention (n = 9)

*  Wrong study design (n = 27)
« Different language (n = 4)

*  Wrong type of publication or year of

Publications identified through database searching
o
i =
g (n=16,339)
b * Pubmed (n=1,148)
|
3 + PubPsych (n = 587)

¢ PsycINFO (n=1,212)

* Scopus (n=1,255)

* Cochrane CTs (n=2,137)
. l
.g
§ Records after removing duplicates (n = 5,185)
3

v
Records screened through title and abstract
g (n=75,185)
b=
s
m
v
Full-text screening
(n=1248)
el
<
é v
3 Records included (7 = 92);
German (n = 2) / English (n = 90)

publication (n = 63)

¢ Only irrelevant outcomes (n = 1)

Fig.1 PRISMA flow chart
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Study Characteristics

The mindfulness interventions evaluated in the identi-
fied studies were divided into eight different intervention
types, each of which can be assigned to either mindfulness-
informed or mindfulness-based programs. The latter include
MBSR courses, modified MBSR courses, meditation-only
courses, and other mindfulness-based programs. Mindful-
ness-informed interventions include breathing training,
acceptance and commitment therapy (ACT)-based courses,
movement-oriented programs (yoga and gigong), and mul-
timodal programs. The latter include, for example, commu-
nication, nutrition, and other exercises in addition to mind-
fulness training.

A total of 9375 working adults (4927 in intervention
arms) participated in the included studies. The average
intervention group size at the beginning of the studies (T0)
was 54 participants, while the control groups consisted of
49 participants, on average. A total of 28 (31%) of the con-
trol groups were active control groups. The members of the
active control group received another, typically “lighter”,
intervention, for example, a flyer about health promotion
options at the workplace. A total of 51 control groups were
wait-list control groups, and in the other 12 studies, the con-
trol groups were passive; i.e., they did not receive any inter-
vention. Average duration of interventions was 9.5 weeks.
All included studies and their characteristics are listed in
Table 1.

Risk of Bias

Risk of bias for each study was assessed for the subjec-
tive outcomes (such as stress, burnout, and mindfulness).
An interrater reliability (Cohen’s kappa) of x=0.84 was
achieved. Supplementary file S5 shows the results of the
assessment of the risk of bias for all five bias domains. Risk
of bias was generally high, except in two studies, as further
explained in the “Discussion” section.

Average SMD

Table 2 shows the results of the average SMD calculations
for post-intervention measures. Forest plots can be found
in Supplementary file S6. Average SMDs were statisti-
cally significant for all seven pooled outcome categories.
For mindfulness (k=39, SMD=0.43, 95%-CI [0.33,0.52],
I’=98.8%), well-being (k=35, SMD=0.63, 95%-CI
[0.34,0.93], ’=98.9%), mental health (k=68, SMD =0.67,
95%-CI [0.48,0.86], I?=99.3%), stress (k=59, SMD=0.72,
95%-CI [0.54,0.90], I>=98.9%), physical health (k=37,
SMD =0.45, 95%-CI [0.32,0.59], I?=99.6%), and work-
related factors (k=29, SMD=0.62, 95%-CI [0.14,1.10],
P= 99.1%), we estimated small to medium average effects,

which are statistically significant at p < 0.001. For resilience,
with a small number of studies (k=8, SMD =1.06, 95%-
CI[-0.22,2.34], 12=98.8%), we obtained a large average
SMD, which was, however, hardly statistically significant.
The SMD results in the subcategories are mixed and can be
found in Table 2. Small to medium effect sizes were found
for life satisfaction (k=10, SMD =0.40, 95%-CI [0.15,0.66],
= 95.5%), self-compassion (k=5, SMD =0.66, 95%-
CI [0.18,1.13], 12=93.2%), subjective well-being (k=8,
SMD=0.51,95%-CI [0.14, 0.89], I*=94.0%), affect (k= 14,
SMD =0.93, 95%-CI [0.31, 1.54], I’=99.6%), anxiety
(k=23, SMD =0.53, 95%-CI [0.31,0.74, I>=97.8%), burn-
out (k=24, SMD=0.70, 95%-CI [0.33,1.07], I’=99.0%),
depression (k=22, SMD=0.51, 95%-CI [0.29,0.73],
I*=98.7%), sleep (k= 15, SMD=0.46, 95%-CI [0.22,0.70],
P= 98.7%), subjective mental health (k=15, SMD =0.60,
95%-C1[0.34,0.85], ’=98.7%), heart rate variability (k=7,
SMD =0.46, 95%-CI [0.15,0.78], I*=99.0%), pain (k= 10,
SMD=0.31, 95%-CI [0.11,0.52], I?=94.9%), subjective
physical health (k=25, SMD =0.40, 95%-CI [0.30,0.50],
I?=96.2%), job satisfaction (k=20, SMD=0.47, 95%-CI
[0.25,0.68], I>=98.6%), and productivity (k=6, SMD=0.27,
95%-CI [0.18,0.36], I>=40.1%). Smaller or nonsignificant
average effect sizes were found for relaxation, self-efficacy,
psychological inflexibility, blood pressure, heart rate, absen-
teeism, and work engagement. The number of these studies,
however, has been relatively small (k <9) compared to the
numbers of studies that analyzed the outcomes with small
to medium significant effect sizes. Notable is a high level of
heterogeneity and large prediction intervals for all outcomes
except productivity. In addition, Forest plots showed that
some studies have extremely large SMDs, while others have
very small effect sizes. Therefore, the average results should
be interpreted with caution. Results of sensitivity analyses
and meta-regressions are discussed below.

Less than half of the studies analyzed outcomes
between 1 and 12 weeks after the end of the interven-
tion (Table 3). For the pooled categories mindfulness
(k=11, SMD =0.53, 95%-CI [0.27,0.80], I*=98.3%),
well-being (k=11, SMD =0.44, 95%-CI [0.30,0.58],
= 93.3%), mental health (k=16, SMD =0.56, 95%-CI
[0.24,0,87], I’ =99.2%), stress (k=17, SMD =0.61, 95%-
CI [0.34,0.89], 12=99.1%), and physical health (k=38,
SMD =0.43,95%-CI [0.14,0.72], > = 91.6%), the average
SMDs are statistically significant and of small to medium
size. Small to medium average SMDs for the subcategories
with at least four studies were found for burnout (k=10,
SMD =0.43, 95%-CI [0.22,0.64], I’ =93.5%), subjective
mental health (k=5, SMD=0.55, 95%-CI [-0.14,1.24],
I?=90.0%), and subjective physical health (k=6,
SMD =0.50, 95%-CI1 [0.07,0.92], I?=92.3%). Nonsignifi-
cant effect sizes were obtained for depression, job satisfac-
tion, and pooled work-related factors. Average SMDs for
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Table 1 (continued)

Outcome

Share

Mean age

Country

Additional Home-

In-class Online One-on-one

Type of

Nb. of

Timing (T1,
T2, T3,
T4)**

Control

Intervention
type%

Intervention name

Authors

domains

female

work

material

delivery

participants
at TO (IG/

CG)'

group

participants

(%)

Subyj. physical

68.0

China 29.50

No Encour-

Yes No No

50/50 analogue

8

MBSR modified active

Modified MBSR

Yang et al. (2018)

h,

heal

aged

(mb)

program

s, Subj.

al

2

Stre:

S

men
heall

h,

Anxiety,

ession

=

Dep!

Subyj. physical

Yes Poland 39.40 49.0

No

Yes No Yes

78/78 analogue

12

wait-list

MBSR (mb)

MBSR

Zoierczyk-Zreda

health,

etal. (2016)

Stress,

Absenteeism,

Affect, Self-
efficacy

*mb: mindfulness-based intervention; mi: mindfulness-informed intervention; **7T: timing of post-intervention data collection in weeks (approximate length of intervention); 72-T4: post-

intervention data collection in weeks since T1

long-term follow-ups could only be estimated for a small
set of outcomes as the number of studies collecting data
after 13 or more weeks was too small (Table 4). Aver-
age SMDs for pooled well-being factors and subjective
physical health turned nonsignificant, while pooled men-
tal health factors (k=4, SMD =0.21, 95%-CI [0.01,0.40],
P =89.4%), stress (k=5, SMD =0.50, 95%-CI [0.09,0.92],
I’=92.6%), and pooled physical health factors (k= 4,
SMD =0.33, 95%-CI [0.13,0.54], 12=67.3%) have been
found to have small and significant effect sizes. A high
level of heterogeneity is also present here.

Sensitivity Analysis

Several studies included in our analysis show extreme
outliers, with SMD values exceeding 4 (individual effect
sizes are displayed in Supplementary file S6). In all cases,
these large SMD values are due to significant differences
between treatment and control groups at baseline. Inter-
estingly, these outliers are not limited to small-case stud-
ies, but also occur in larger-scale studies, such as Pan-
dya (2019) and Zolnierczyk—Zreda et al. (2016), who
each included more than 90 participants in their studies.
Because we identified only small variations in risk of bias
assessment results, controlling for risk of bias in our esti-
mations of average SMDs was not feasible. However, we
performed sensitivity analyses without outliers detected
through influence analyses and Baujat plots (Supplemen-
tary file S6) for all outcomes. This resulted in smaller
SMD:s for all pooled outcomes at post-intervention as
seen in Tables 2 and 3. For the pooled outcomes mind-
fulness, well-being, mental health, stress and physical
health, average SMDs dropped by 10-20% in size and
remained significant; resilience (k=7, SMD =0.53, 95%-
CI[0.26,0.80], I>=89.4%) turned significant. The aver-
age SMD of pooled work-related factors dropped by 50%,
yet the effect remained small and significant. The average
effect sizes of almost all subcategories remained similar
in magnitude after removing outliers, and increased for
self-compassion (k=4, SMD =0.80, 95%-CI [0.50,1.11],
= 79.5%), and turned significant for self-efficacy (k=7,
SMD =0.64, 95%-CI [0.15,1.13], > =98.3%) as well as
for blood pressure (k=6, SMD =0.22, 95%-CI [0.04,0.40],
I? =85.4%). Heterogeneity indicators are reduced at least
slightly in all cases. Adjusted short-term follow-up effects
were relatively similar to post-intervention effects. Only
the average SMD of pooled well-being was rendered
nonsignificant, while average SMDs for job satisfaction
(k=5, SMD=0.25, 95%-CI [0.16,0.34], I*=60.8%) and
work-related factors in general (k=8, SMD =0.26, 95%-
CI[0.17,0.34], P= 50.7%) turned significant albeit small.
There were no outliers in long-term follow-up studies.

@ Springer
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Reporting Bias

Based on Egger’s tests and p-curves, we did not detect
reporting bias, except for the category of well-being out-
comes at post-intervention and long-term follow-up. These
specific results can also be found in Supplementary file S6.

Meta-Regression Results

In total, six meta-regressions were run including the mod-
erators for which there were less than 5% missing values
(Table 5). For mindfulness, the moderators explained no
amount of heterogeneity in effects sizes (R?=0.00), while
for well-being, mental health, stress, physical health, and
work-related factors, 47.77%, 43.14%, 14.75%, 44.45%,
and 4.49% could be explained by the included moderators.
The regressions show that MBSR interventions are more
effective than ACT-related interventions, modified MBSR-
courses, other mindfulness-based interventions, and mul-
timodal interventions for well-being (b=1.9, p <0.001),
and more effective than all other types of interventions
for mental health (b=3.23, p <0.001). For physical health
outcomes, MBSR-interventions are slightly more effective
than ACT-related interventions (b=0.37, p <0.05) but not
more effective than other types. Instead, meditation courses
are more effective than all other interventions in improv-
ing physical health (b=1.21, p <0.001), except breathing
interventions. Meditation interventions are relatively more
effective than ACT-based interventions for mental health
outcomes (b=0.91, p<0.01), and multimodal interventions
are relatively more effective than ACT-based interventions
for mental health outcomes (b=0.88, p <0.01). While these
results point to an overall greater effectiveness of mind-
fulness-based interventions over mindfulness-informed
interventions, a separate analysis where these two groups
of interventions were compared against each other, did not
reveal such evidence. Instead, based on these findings, it can
be concluded that certain types of interventions seem more
effective for achieving some outcomes than others, but there
is no systematic superiority by either mindfulness-based or
mindfulness-informed interventions. Only MBSR courses
seem to be more effective when compared to other types of
interventions.

Among all included intervention characteristics, (addi-
tional) one-on-one sessions seem to increase effect sizes for
well-being (b=1.48, p <0.05) and mental health outcomes
(b=0.43, p<0.05). For mental health outcomes, in-class
interventions seem to generate larger effect sizes (b=0.56,
p <0.01). For physical health outcomes, some degree of het-
erogeneity can be explained by variations in effect sizes by
type of control group, suggesting that studies with wait-list
control groups provide larger effect sizes than studies with
active control groups (b=0.39, p<0.01). For the outcome

stress, studies with passive control groups provide on aver-
age larger effect sizes (b=0.85, p<0.05) than studies with
active control groups. Interventions with homework seem
to generate slightly smaller effect sizes for mental health
outcomes (b= —0.31, p <0.05) than interventions in which
there is no obligatory homework. Effect sizes of mental
health outcomes decrease with increasing intervention
length (b= —0.04, p <0.001). Finally, effect sizes of mental
health outcomes (b=0.01, p <0.001) and stress (b=0.01,
p <0.01) increase with a larger share of female participants.

The results further suggest that online interventions are just
as effective as analogue interventions and that additional mate-
rial provided for self-practice has no impact on effect sizes.
Regressions were also conducted for all outcome groups with
risk of bias domains and separately with measurement instru-
ments (e.g., for mindfulness, Five Facet Mindfulness Ques-
tionnaire, Mindful Attention and Awareness Scale). Neither
differences in risk of bias assessments nor variations by meas-
urement instrument explained heterogeneity in effect sizes.

Due to the limited number of studies performing short-
term and long-term follow-ups, meta-regressions could not
be conducted beyond post-intervention time points. However,
a continuous time variable was included in regressions for all
outcomes to detect the potential rate of depreciation of effect
sizes over time. The continuous time variable provided no sig-
nificant results for any of these outcomes.

Discussion

Based on 91 eligible studies (from 92 publications),
including 4927 participants and 4448 controls, the present
synthesis shows that MBIs and MIIs significantly improve
all seven overarching outcome categories. For mindful-
ness, stress, well-being outcomes, mental and physical
health, and work-related outcomes, average effect sizes
were small to medium, and large for resilience. Analyses
of sub-categories revealed that MBIs and MIIs positively
influence life satisfaction, self-compassion, subjective
well-being, affect, anxiety, burnout, depression, sleep,
subjective mental health, heart rate variability, pain, sub-
jective physical health, job satisfaction, and productivity
on average to a small to medium extent. Smaller or nonsig-
nificant average effect sizes were found for relaxation, self-
efficacy, psychological inflexibility, blood pressure, heart
rate, absenteeism, and work engagement. Average SMDs
at short-term follow-ups for the broad categories mindful-
ness, well-being, mental health, stress, and physical health
remain statistically significant and of small to medium
size. Small to medium average SMDs for the subcatego-
ries with at least four studies were found for burnout,
subjective mental health, and subjective physical health.
Nonsignificant effect sizes were obtained for depression,
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Table 4 Random-effects results: Before influence analysis
Average SMD long-term
follow-up by outcome category Outcome category k aSMD Ccl Pl (0] P
Well-being
Pooled well-being factors 4 0.39 [—0.08; 0.87] [—0.98; 1.77] 21 85.9/0.08
Mental health
Pooled mental health factors 4 0.21%* [0.01; 0.40] [—0.33;0.73] 28 89.4/0.01
Stress
Stress 5 0.50% [0.09; 0.92] [—0.59; 1.56] 54 92.6/0.10
Physical health
Pooled physical health factors 4 0.33%* [0.13; 0.54] [—0.19; 0.85] 9 67.3/0.01
Subj. physical health 4 0.42 [—0.00; 0.84] [—0.70; 1.54] 22 86.6/0.05
Work-related factors
Pooled work-related factors 4 0.18* [0.03; 0.32] [—0.18; 0.54] 9 65.4/0.00

k: number of studies; aSMD: average standardized mean difference (Hedges’ g); CI: 95% confidence inter-
val; PI: prediction interval; ***p <0.001; **p <0.01; *p <0.05. See Supplementary file S5 for information
on which studies were excluded as outliers

job satisfaction, and the overarching category work-related
factors. Average SMDs in long-term follow-ups turned
nonsignificant for well-being, subjective mental health,
and work-related factors, while for mental health, stress
and physical health, average effect sizes are small and
marginally significant. Sensitivity analyses point mainly
towards smaller effect sizes due to extremely high outli-
ers. For the pooled categories mindfulness, well-being,
mental health, stress and physical health, average SMDs
dropped by 10-20% in size and remained significant. Drop-
ping outliers from the model turned average effect sizes
of self-efficacy and resilience to medium size and signifi-
cant. The average SMD of work-related factors dropped
by 50%, yet remained small and significant. The average
effect sizes of almost all subcategories remained similar
in magnitude after removing outliers, and increased to a
large effect for self-compassion. The results of the original
analyses indicate substantial heterogeneity, which is some-
what mitigated after the removal of outliers.

Several aspects of the studies may have contributed to
heterogeneity. Firstly, variations in study design, including
the type of intervention (e.g., MBSR vs. breathing interven-
tion), intervention setting (e.g., group vs. individual), the
duration of the intervention, and the type of control group
(e.g., active control group vs. wait-list control group), may
impact the results. Secondly, demographic differences in the
populations studied, including factors such as age, gender,
and health status, may also impact the results and increase
heterogeneity. Thirdly, differences in the outcome measures
(e.g., scores containing five questions vs. scores containing
20 questions) utilized may influence effect sizes in mindful-
ness studies. Finally, variations in the mindfulness interven-
tion itself, such as the frequency and duration of practice
and the level of practitioner experience, may also affect

the results and contribute to heterogeneity. Many of these
aspects have been extracted from the studies, but data are not
available for all of these aspects. For example, only 71% of
the included studies provided information on trainer quali-
fications, and this information is difficult to operationalize.
Meta-regressions were run including intervention character-
istics that were available for at least 90% of studies. Unfor-
tunately, analyses of the available data provide little insight
into the sources of heterogeneity. Some differences can be
found by intervention type and type of control group. Here,
MBSR and meditation courses tend to be more effective on
average than most other formats. Studies with passive or
wait-list control groups tend to show slightly larger impacts
on all outcomes, though only significantly for pooled mental
health and stress. For these two outcomes, a higher share of
female participants is associated with larger effect sizes. In
general, studies with in-class interventions and one-on-one
sessions seem more effective for most outcomes, although
only significantly for mental health and well-being.

In recent years, a few meta-analyses of RCTs investigat-
ing mindfulness interventions at the workplace have been
published. This meta-analysis has been informed by Bart-
lett et al. (2019), Lomas et al. (2019), and Vonderlin et al.
(2020), and adds three important features. See Table 6 for
an overview of the present review characteristics. Firstly,
the present meta-analysis extends the publication period
of RCTs to November 2019, and therefore adds one more
year to the period investigated by Vonderlin et al. (2020),
and three to four years to Bartlett et al. (2019) and Lomas
et al. (2019). Only Vonderlin et al. (2020) included two
studies published before 2005 (our start date), which ana-
lyzed meditation interventions. As our results are generally
in-line with Vonderlin et al. (2020), we believe that omitting
these two studies in our meta-analysis does not generate a
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Table 5 Meta-regression results post-intervention

Mixed-effects model

Outcome categories Mindfulness ~ Well-being Mental health Stress (k=51) Physical health  Work-related fac-
(k=33) (k=30) (k=61) (k=34) tors (k=25)
Dependent var b se b se b se b se b se b se
Intercept 0.55 0.58 4.50 2.75 0.0073 0.63 0.76 1.17 045 0.63 1.16 5.10
Intervention type
ACT modified / / Base Base Base Base Base Base Base Base Base Base
Breathing / / / / —-0.10 0.64 —0.87 0.89 0.71 041 / /
MBSR 0.12 0.39  1.90%**  0.68 3.23%** 0.56 0.77 0.72  0.37* 042 2.06 1.88
MBSR modified 0.08 021 046 0.62 0.29 0.35 0.19 0.58 0.30 027 -0.21 1.88
Meditation 0.06 029 0.72 1.15  0.91%* 041 1.10 0.70 1.21%** 033 —1.21 2.043
Mindfulness 0.31 021 0.58 0.64 0.31 0.35 0.12 0.59 0.17 028 -0.17 1.69
Movement 0.17 030 0.63 0.85 0.36 0.37 -0.31 0.60 0.20 026 -0.21 1.98
Multimodal Base Base 0.56 0.65 0.88** 0.36  0.85 0.53 0.09 0.25 -0.25 1.75
Intervention characteristics
Type of control group'
Passive 0.07 0.36  0.39 093 0.12 0.26  0.85%* 0.50 0.20 0.24 0.90 1.22
Wait-list 0.01 020 -0.05 0.51 0.06 0.18 -0.40 027 0.39%* 0.18 -0.20 1.09
Weeks -0.02 003 -0.09 0.06 —0.04%*% 0.02 -0.02 0.04 -0.00 0.02 -0.12 0.09
Homework 0.24 0.17 023 043 -0.31* 0.18 -0.29 025 -0.17 0.16 0.66 0.92
In-class 0.08 0.28 0.98 0.66 0.56** 027 0.15 046 0.08 024 0.18 1.15
Online -0.02 024 0.02 0.71 0.10 029 0.28 040 0.30 0.19 0.71 1.32
One-on-one 0.24 040 1.48% 0.79 0.43* 025 -0.16 038 -0.11 029 2.10 1.34
Additional material -0.10 0.15 -0.24 0.56 0.09 0.19 -0.08 029 -021 021 -0.56 0.93
Population characteristics
Share female —-0.00 0.00 -0.00 0.01  0.01%%** 0.00 0.01%* 001 -0.00 0.00 --0.01 0.02
Mean age -0.00 0.02 -0.11** 0.05 -0.02 0.01 -0.02 0.02 -0.01 0.01 0.01 0.11
72 0.08 0.43 0.26 0.45 0.09 1.75
P 94.93 98.50 99.09 98.91 96.23 99.53
R? 0.00 47.77 43.14 14.75 44.45 4.49

Mixed-effects model not conducted for resilience due to few observations. b: estimate; se: standard error. 'Base is active control group.

% < 0.001; #¥p <0.01; *p <0.05

problem in the validation of our findings. Secondly, while
target population and setting share similar features (working
adults, workplace setting), the definition of interventions
with respect to their mindfulness content varies. Lomas
et al. (2019, p. 2) include “all forms of MBIs”, which is
not further explained in the review. Bartlett et al. (2019)
use a less vague inclusion restriction, namely interven-
tions “explicitly described as mindfulness programs”, and
Vonderlin et al. (2020, p. 3) include “any type of mind-
fulness/meditation-based intervention with at least 2 h of
training and with mindfulness elements constituting at least
50% of the program”, which is a more precise description
of studies. However, despite precise and easily comprehen-
sible, only few studies provide such detailed information
on the number of hours dedicated to mindfulness practice
or the amount of mindfulness in relation to other topics
involved in the training. In fact, we could not find this

@ Springer

information in any of the studies selected. Therefore, we
elaborated on an inclusion restriction that provided clar-
ity and at the same time feasibility. It allowed to include
interventions described as promoting mindfulness and/
or self-awareness (bodily sensations, affect, or thoughts).
This description considers the definition of mindfulness
by Grossman (2015), as it also includes interventions that
aim at promoting one of the principles of mindfulness,
i.e., increased awareness about bodily sensations, affect or
thoughts. The studies included in this review did not neces-
sarily have to teach mindfulness as the core technique but
use other forms that promote mindfulness indirectly. We
thereby followed the description of the authors of the origi-
nal studies, rather than following the literature on, for exam-
ple, the mechanisms of yoga or other interventions (such
as Riley & Park, 2015). For example, the yoga-based study
by Alexander et al. (2015) is included, as their description
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contains the goal of enhancing self-awareness and one
of their primary outcomes is mindfulness. Our definition
allows for a wider interpretation than the one by Vonderlin
et al. (2020), yet greater feasibility, and therefore allows to
include mindfulness-informed interventions in addition to
mindfulness-based interventions. All of the resulting inter-
ventions aim to promote mindfulness, while not necessar-
ily being the main technique or mechanism. This inclusion
restriction delivered 91 studies, which is more than all other
meta-analyses in this area of research and allows for more
detailed analyses on both outcome categories and mod-
erators, as well as follow-up data. In general, results are
in-line with the results of the aforementioned three meta-
analyses. In comparison to Vonderlin et al. (2020), which
employed a comprehensive analysis that is most similar to
our research, we add novel elements to the analysis in rela-
tion to long-term assessments, and differences in moderator
analyses, especially by type of intervention. Furthermore,
our meta-analysis on workplace mindfulness is the first to
include physiological outcomes. Despite the greater num-
ber of studies included in our analysis, we have observed
similar evidence of heterogeneity and have yet to establish a
consistent explanation for the variability among effect sizes.
Specifically, our measures of heterogeneity are almost iden-
tical to those reported by Vonderlin et al. (2020), whom we
used as a reference for our outcome clusters. Bartlett et al.
(2019), who assessed very disaggregated SMDs based on
the applied mindfulness questionnaires, reported somewhat
lower indicators of heterogeneity. Similarly, Lomas et al.
(2019) reported slightly lower heterogeneity indicators,
albeit still within the medium to high range, as their study
employed a more focused aggregation of outcome catego-
ries, but analyzed a smaller number of outcomes overall.
Hence, the amount of heterogeneity does not appear to
depend on the definition of interventions (mindfulness-
based only, or also mindfulness-informed), but rather on
the level of disaggregation of average SMDs.

Limitations and Future Directions

One of the main limitations of this review is the large het-
erogeneity in the results for almost all outcomes. With this
heterogeneity at hand, the validity of the overall results is
limited, as the calculated SMDs do not accurately reflect the
combined results of the studies. With substantial heteroge-
neity, it is challenging to draw reliable conclusions about
the overall effectiveness of mindfulness-based and mindful-
ness-informed interventions. By applying a random effects
model, we aimed to mitigate the effect of heterogeneity on
SMDs. Nonetheless, the identification of heterogeneity in
the included studies suggests that comparability might not
be attainable. Our approach to the amalgamation of mind-
fulness-based and mindfulness-informed interventions is

based on the premise that both formal and informal mindful-
ness practices have the capacity to modify brain function,
including amygdala function, which can have a consequential
impact on individuals’ daily life beyond the practice of mind-
fulness per se, as demonstrated by previous research (Gotink
et al., 2016; Holzel et al., 2010; Kral et al., 2018). Hence,
it appears reasonable to differentiate between mindfulness-
based and mindfulness-informed interventions when the aim
is to define their techniques and interventions. However, dur-
ing the evaluation of the effectiveness of such interventions,
this distinction might be extraneous, given that the lived
experience of practitioners is not contingent on the type of
intervention, but rather on the extent of changes in the brain
that arise as a consequence of the practice and are perceived
in everyday life (Holzel & Ott, 2006). Notably, we identified
that interventions within the groups of mindfulness-based
and mindfulness-informed interventions exhibit heterogene-
ity, as well as within our eight subgroups. Thus, forthcoming
systematic reviews ought to place greater emphasis on the
frequency and nature of formal and informal mindfulness
practices, and primarily analyze whether mindfulness has
been improved as a result of the intervention. Additionally,
future reviews should focus on specific techniques (e.g., body
scan, alternate nostril breathing, mindful eating, yoga asana)
instead of multi-component interventions. A cut-off point
could be established to delineate which interventions effec-
tively enhance mindfulness, and only these could be deemed
as mindfulness interventions. The secondary outcomes of
these more narrowly defined mindfulness interventions, such
as reduced burnout risk and improved physiological param-
eters, could then be evaluated. It is also critical to endeavor
to obtain further characteristics of interventions, for instance,
by conducting interviews with the corresponding authors of
published studies of mindfulness RCTs. These intervention
characteristics can then be used to conduct sub- and meta-
analyses. In future RCTs on the topic, researchers should use
clear and consistent definitions and report as much informa-
tion as possible when publishing their studies. It would be
helpful if a group of researchers developed a comprehen-
sive reporting list for social-psychological RCTs, compara-
ble to the PRISMA checklist for systematic reviews. This
checklist should then be obligatory to apply in future RCTs.
Furthermore, future research employing RCTs benefits from
including a homogeneous population in their study to reduce
heterogeneity in meta-analyses. For example, they can limit
their study to a specific age group, gender, or health condi-
tion (with or without psychological symptoms). This can help
ensure that the studies are comparable. Standardized proto-
cols may be one way to achieve more homogenous mindful-
ness interventions, or single techniques, and therefore more
homogenous results across studies. Standardized protocols
might have an impact upon effectiveness, as we have found
that standardized MBSR interventions were more effective
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for well-being, mental and physical health outcomes. How-
ever, mindfulness is a multifaceted phenomenon that can be
trained by various techniques. Also, trainers of mindfulness
are diverse in their beliefs about what mindfulness is and
how it can be taught.

Another main limitation of the data underlying this sys-
tematic review and meta-analysis is the presence of large
outliers. Sensitivity analyses show that for some outcomes,
results differ considerably when accounting for extreme outli-
ers. These extreme outliers can be traced back to differences
between outcome measures before intervention even in large
group sizes, which hints at a poor randomization process.

For almost all studies, we detected a high risk of bias in
all domains. In other reviews with psychosocial interven-
tions, the risk of bias is similarly high (Bruin, 2015). The
risk assessment here may be considered more conserva-
tive as in Vonderlin et al. (2020), as they did not judge
the risk for two domains that usually result in high risks:
performance bias and detection bias. These were included
here, however, because some of the analyzed studies (e.g.,
Cheema et al., 2013) aimed at solving the problem of blind-
ing staff and participants. In fact, some studies consistently
show low to moderate risks of bias for all five domains
(e.g., Baby et al., 2019; Dwivedi et al., 2015, 2016). This
suggests that it is also possible to obtain robust results in
the field of mindfulness intervention research. Especially,
we believe that better RoB results can be achieved when
study conductors take into account RoB-domains when
planning interventions and summarizing findings. Taking
into account the RoB assessment in this review, a solid
statement on the evidence of the effectiveness of the pre-
sented mindfulness interventions on the target parameters
is only possible to a limited extent and future research is
necessary. As we did not detect any reporting bias, overall
results are credible with respect to missing information.

The literature search was limited to the year 2019, which
was shortly after the review protocol was published. The
time lag between search and publication of results does not
seem to influence up-to-datedness; however, as in following
mindfulness research, we did not observe any large innova-
tions or outstanding publications that would significantly
change overall results.

The amount of publications detected has led to a number
of changes compared to the original protocol. Most of them,
however, were minor. Two major differences exist: Firstly,
we categorized outcomes instead of analyzing each outcome
individually. As explained, similarly to previous meta-anal-
yses on the topic (Bartlett et al., 2019; Lomas et al., 2019;
Vonderlin et al., 2020), categorizations were made to guar-
antee comparability of results. Secondly, the large amount
of studies included permitted estimation of meta-regressions
with the aim of identifying influences on average SMDs by
study characteristics or mindfulness intervention types.

As outlined above, risk of bias was generally high. On the
other hand, we detected no publication bias, suggesting no
considerable lack in diversity of results.

Similarly to previous studies on this topic, the present
review is subject to methodological limitations of the inves-
tigated RCTs. Generally, we suggest that in future RCTs on
the topic, attention should be paid to the following aspects
that improve methodological quality and reduce the risks
of bias in the results obtained (Michaelsen et al., 2021).
Firstly, a study protocol should be published before the start
of the study. Secondly, a random number generation algo-
rithm should be applied and the name of the tool should be
reported. Thirdly, future RCTs should include sufficiently
large study populations. Fourthly, different persons should
be appointed for contact with participants and for the review
of results. Fifthly, blinding of participants into intervention
and control groups to outcome assessors should be guar-
anteed. Sixthly, it should be aimed for a reduction of drop-
out rates and statistical methods to compensate for attrition
should be applied. Lastly, study teams should consider
implementing possibilities to verify actual exercise time.

Due to a limited number of studies, we are currently una-
ble to draw firm conclusions about the long-term effective-
ness. Therefore, we also suggest that future research aims
to examine outcomes of occupational MBIs up until twelve
months after the end of the intervention as well as include
so far rarely investigated aspects, such as resource use and
work ability, that also allow conclusions about productivity
and efficiency. The latter might be especially relevant for
decision making in the business context. Ideally, future pub-
lications of RCTs would also report on intervention charac-
teristics, such as dosage and location, as well as information
on the organizational environment, e.g., company size and
work cultural aspects. Finally, despite no hints of publication
bias in this review (in comparison to Bartlett et al., 2019,
and Vonderlin et al., 2020), the research community should
aim at publishing all results despite negative or null effects.

The findings suggest that policy makers should exercise cau-
tion when using these results to inform decision-making, as
the variability in outcomes makes it challenging to identify the
optimal course of action and allocate resources effectively. It is
particularly noteworthy that the present review did not establish
the cost-effectiveness of workplace mindfulness interventions,
which should be taken into account by policy makers. In the
evaluation of cost-effectiveness, various factors must be consid-
ered, including absenteeism, incapacity to work, productivity
loss, employee turnover, and staff ratios. From the perspective
of the healthcare system, the utilization of health care services,
such as medical consultations for work-related accidents, is also
a crucial indicator. The financial valuation of these factors is
subject to variation across the existing literature. In this review,
four different research articles (Hartfiel et al., 2017; Singh et al.,
2016, 2020; van Dongen et al., 2016) have been included that
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analyzed distinct cost-effectiveness parameters. However, these
studies included different parameters, so that no analysis of
these factors was performed.

For business leaders, the results suggest that it is feasible
and rewarding to integrate MBIs and MIIs in the workplace
because of potentially visible effects on various domains
related to mindfulness, physical and mental health param-
eters, well-being, stress, and work-related aspects. The effects
are also sustainable as shown in the short-term and long-
term follow-ups. As the populations of employees within the
included studies were relatively diverse in terms of profes-
sions and sectors, these generally positive results seem to be
applicable across various settings. Especially interesting is the
finding that digital MBIs and MIIs appear to be as effective
as analogue interventions, highlighting its suitability also in
home-office contexts, for teams who work in different loca-
tions or other complex work environments, or as a cost-saving
measure. Also remarkable is the result that post-intervention
effectiveness does not seem to depend on the duration of an
intervention, except for mental health outcomes.

Despite a general recommendation to implement mindful-
ness interventions in work settings, the review does not allow
to provide specific advices on which specific mindfulness
intervention to implement under which circumstances. Espe-
cially, certain structural and cultural aspects of an organiza-
tion, and specific aspects of interventions that could not be
captured in our analysis (e.g., size of the company, values
of the company, spiritual content of the intervention) could
potentially influence the effectiveness. In addition, we were
not able to analyze more specific outcomes, such as aggres-
siveness, creativity or empathy, as well as the cost-effective-
ness of MBIs and MlIs, as only few RCTs included relevant
measurements. Because of large heterogeneity in the results,
practitioners should consider individual factors, such as the
general stress level of employees, their health history, and
preferences, when making decisions about an intervention.

In conclusion, the present study employed a comprehen-
sive meta-analytical approach to consolidate and synthesize
the findings of a considerable number (k=91) of RCTs that
examined the efficacy of mindfulness-based interventions
(MBIs) and mindfulness-informed interventions (MIIs) in
various workplace settings. While the current review sub-
stantiates the favorable effects of MBIs and MIIs across all
outcomes, it is worth noting that some of the results should
be approached with a degree of caution, as certain outcomes
may have an overestimated average SMD, as indicated by sen-
sitivity analyses. Nevertheless, despite the stringent exclusion
criteria for positive outliers, all the effects remain statistically
significant. The decision-makers of organizations must exam-
ine which outcomes are relevant to them when determining
whether to adopt mindfulness interventions and which inter-
vention to implement, while also considering the results of
long-term follow-up studies conducted according to rigorous

@ Springer

quality of reporting guidelines. Future systematic reviews
could focus on particular mindfulness enhancing techniques
and present more in-depth outcomes.
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