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Abstract: Attention Deficit Hyperactivity Disorder (ADHD) is a common neurodevelopmental
condition impacting children and adults. Current treatments are limited and there is increasing
interest in the use of mindfulness, which is growing in popularity. Previous systematic reviews have
typically focused on specific ages, outcome measures or interventions. The current review aimed to
take a more comprehensive approach. Title and abstract searches were performed in five databases
for randomized and non-randomized controlled trials or pre-post studies with participants with an
ADHD diagnosis or a score above a clinically relevant cut-off on a validated ADHD measure. Studies
had to measure symptoms of ADHD, global or social functioning. Extraction of key information
including participant status (i.e., diagnosis, scale scores, comorbidities, medication use), study design,
and outcome measures was conducted. Effect sizes (Hedge’s g) were calculated and where a measure
had been used in at least three studies with the same population, meta-analyses were considered.
Twenty-nine studies were initially identified, with seven deemed poor quality and removed from
further analysis leaving, 22 studies containing data from 1237 children and adults with ADHD
along with data from 525 family members. The data indicate possible benefits of mindfulness on
self-compassion, quality of life, wellbeing, depression, and anxiety. The findings also suggest that
mindfulness may also improve ADHD symptoms, executive function, problematic behaviours, and
emotional dysregulation, although results vary by age of patient and measures used. Parent stress
and parenting style have received limited attention, highlighting the need for more studies in these
areas. Whilst the data presented suggest that mindfulness may be beneficial, the evidence base is not
as strong as the popularity of the approach. Many of the studies lacked blind assessment, adequate
randomization, or suitable control conditions. As such high-quality controlled studies considering
medication, other psychosocial interventions, use of active and in active controls and comorbidity as
well as longer follow-up periods, are needed to confirm this.
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1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is the most common neurodevel-
opmental disorder, characterised by pervasive and age-inappropriate levels of inattention
and/or hyperactivity and impulsivity [1]. It is estimated to affect 7% of children and 4%
of adults [2,3]. Around 65% of children with ADHD continue to warrant a diagnosis in
adulthood [4], but ADHD may also develop in adults [5]. Childhood ADHD is associated
with difficult relationships [6], increased accidental injuries [7], poor school performance [8],
and reduced quality of life [9]. In adolescence, it is linked to earlier and more frequent
drug use [10], earlier sexual activity [11], and more frequent teenage pregnancies [12], as
well as school refusal and repeating school years [13]. Adult ADHD is associated with an
elevated risk of traffic accidents [14], unemployment [15], impaired social functioning [16],
and mental health conditions such as depression and anxiety [17]. As such ADHD can be
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a significant burden on individuals, their families and broader society, and it is perhaps
unsurprising that it has a negative impact on quality of life [18].

1.1. Drug Treatments for ADHD

Current guidelines for managing ADHD propose different pharmacological and non-
pharmacological approaches depending on the age of individuals [19]. For drug treatments,
stimulants are the most effective for all ages and the first-line treatment for adults. They
reduce symptoms in 80% of individuals [20-22], but are associated with considerable side
effects [23]. Additionally, some individuals experience only a 30% symptom reduction
leaving substantial functional impairment [24]. There are also concerns that medication
may be abused [25-27]. In children, use of this medication is particularly controversial [28],
with lower response rates than adults [29], high attrition [30] and uncertainty about the
long-term effects [31]. Non-stimulant treatments are available, but they are less effective
than stimulants [32] and side effects remain [23]. Furthermore, drug responsiveness is
highly heterogenous making it difficult to identify optimal treatment, resulting in a process
of trial and error [33].

1.2. Non-Drug Treatments for ADHD

For non-pharmacological treatments, NICE [19] proposes psychoeducation, behaviour
therapy, parent training, social skills training, and cognitive behavioural therapy (CBT).
Psychoeducation aims to help individuals better understand their symptoms and cope
with the condition and has been found to reduce ADHD symptoms [34]. In the context of
ADHD, behaviour therapy can teach caregivers and teachers how to manage the child’s
behaviour by using rewards [35]. It may be distinct or integrated within wider parent
training which teaches coping and behaviour-management strategies to parents to improve
the child’s behaviour and the parent—child relationship [36]. A meta-analysis investigating
parent outcomes of parent training and other behavioural interventions found modest
effects with slight improvements in parenting self-concept and moderate effects for parent
quality [37]. In social skills training, children participate in role-plays to learn how to
behave and consider the perspective of others. A recent review concluded that social skills
training as a standalone treatment can address ADHD-related social impairments although
the long-term effects are unknown [38]. CBT may be used for both children and adults to
address unhelpful ways of thinking. Meta-analyses suggest that CBT can reduce ADHD
symptoms [39]. Despite the efficacy of the non-pharmacological approaches, they have
limitations. Firstly, they typically require trained staff, with effectiveness of treatment
dependent on the qualification, knowledge, and preparedness of the instructor. Such staff
are in short supply, creating long waiting lists and unavailable services [40]. Secondly, these
approaches often have inflexible scheduling and locations which can result in drop-out
before or during treatment [41]. Thirdly, not all respond to these interventions, meaning an
element of trial and error remains.

1.3. Alternative Approaches

Given the limitations of current treatments, it is unsurprising that alternative ap-
proaches are of interest [42—44], including mindfulness [45]. Mindfulness interventions
are less dependent on the qualification and training of instructors, and easier to integrate
into daily life than other non-pharmacological treatments [46]. Mindfulness can be defined
as paying attention non-judgmentally to the present moment [47] and includes different
meditation methods and physical practices such as Tai Chi [48]. Mindfulness-Based Stress
Reduction (MBSR) was the first mindfulness training developed for clinical groups and
is now used in several conditions including ADHD [49,50]. MBSR is an 8-week psychoe-
ducational training programme with guided 2.5 h long mindfulness meditation sessions,
and 45-60 min daily home practice. Individual sessions focus on different techniques
including mindful breathing, body scanning and everyday mindfulness. Most mindfulness
programs are similar in structure and length to this MBSR. Apart from the popularity of
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mindfulness, it is thought to directly target areas in which individuals with ADHD struggle,
including attention, cognitive flexibility, self-control, working memory, problem-solving,
and planning [51], as well as deficits in arousal regulation, response inhibition, emotion
regulation, and motivation [52]. Therefore, careful consideration of the role mindfulness
can plan in ADHD management is needed.

Unsurprisingly, several systematic reviews have examined the effects of mindfulness
in ADHD. Some have focused exclusively on children and adolescents [53-55] or children
with their parents [56], whilst others have only looked at adults [57-59]. Even where multi-
ple ages were considered, most have examined only core symptoms of ADHD or executive
function rather than broader outcomes, despite the far-reaching impact of ADHD [60-65].
The most comprehensive systematic review with meta-analysis to date, which was com-
pleted in June 2020, included a broader range of outcomes and adults and children with
ADHD but excluded parent-based interventions [66]. Having a child with ADHD is often
emotionally challenging for parents and caregivers [67]. The child’s behaviour can cause
parents to become hostile or disengaged [68]. Rates of depression are also elevated among
parents of children with ADHD [69], which is, in turn, associated with poorer outcomes for
the child [70]. Therefore, the effectiveness of ADHD treatment in children may depend on
parents, their psychiatric illnesses and parenting style [68], making parents a suitable target
for interventions, something already reflected in NICE guidelines for treating ADHD. The
aim of this review is to build on the work by Olivia et al. [66] by reviewing of the effects of
mindfulness interventions on ADHD when administered to the individual, their parents
or as a family-based approach, considering core symptoms as well as wider health and
behavioural outcomes.

2. Materials and Methods
2.1. Protocol Registration

The protocol for the review was registered on Prospero, an international prospective
register for systematic reviews (CRD42021292110).

2.2. Search Strategy

Literature searches were performed on MEDLINE, Embase, PsycINFO, Web of Science
and ERIC from the earliest possible dates to the 28 January 2021, when the last searches were
completed. The PICO model was adopted for the search categories, with categories com-
bined with AND: population (attention deficit disorder with hyperactivity OR (attention
AND deficit AND disorder) OR ADHD OR AD/HD OR (hyperkinetic AND disorder)); in-
tervention (meditation OR mindfulness OR contemplative practice OR mantra OR savasana
OR mind-body therapy OR guided imagery OR relaxation OR therapeutic suggestion);
comparison (experimental OR quasi-experimental OR observational OR correlational OR
(random* OR randomized controlled trial OR random allocation)). Title and abstracts
were searched.

2.3. Eligibility Criteria

To be eligible, studies had to include participants with an ADHD diagnosis or a score
above a clinically relevant cut-off on a validated ADHD measure. All subtypes of the
condition and age groups were included. Studies which included common comorbidities
(including anxiety, depression, autism spectrum disorder or substance or conduct disorder)
were included. Eligible studies had to employ a non-randomized or randomized controlled
trial (RCT) design, or an observational approach including pre-post study designs. Within
these, eligible comparator groups were (i) no intervention (ii) placebo (iii) treatment as usual.
Outcome measures had to include at least one of the following (i) Cognitive or behavioural
tests measuring core symptoms, e.g., attention measured with a continuous performance
tests (ii) Scale measures of core symptoms, e.g., Connors Parent Rating Scale (iii) Global
functioning/quality of life, measured through validated scales, e.g., Global Functioning
Scale or (iv) Social functioning, measured through validated scales, e.g., Impairment Rating
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Scale. Additionally, all articles had to be in English. Systematic reviews identified during
the search were excluded from the pool of eligible studies, but subsequently hand searched
to identify any additional studies.

2.4. Data Collection

All authors independently conducted literature searches and screening. After con-
ducting searches and removing duplicates, all authors screened titles and abstracts before
retrieving the full text of relevant records including any systematic reviews. Full text
screening used extraction of key information including participant status (i.e., diagnosis,
scale scores, comorbidities, medication use), study design and outcome measures. Hand
searches of identified systematic reviews followed the same process of title and abstract
screening followed by full text data extract. The PRISMA flow diagram (Figure 1) gives
more information on the selection process.

[ Identification of lies via datab. andreg ] [ Identification of studies via hand searches of systematic reviews ]
c Records identified from:
S Embase (n = 166) Record_s r'emoved before
8| | Eric(n=19) screening.
&= Medine (n = 116) [—» Duplicate records
S| | Psycinfo (n = 95) ’e"_‘°2V7esd
= | | webof Science (n = 167) (n=275)
Records excluded (n =
— 257)
Records screened (n =
288) Records removed before
" - - screening:
I S{stematlc Reviews (n }—b{ Records identified (n=91) ’—b Duplicate records
removed
2 | (n=9)
< Reports sought for Reports not retrieved (n = I - _
s retrieval (n = 22) 1 Records screened (n=82) }—DI Reports excluded (n = 56)
’ l
l Reports excluded:
Conference abstract) (n = Reports sought for Reports not retrieved
Reports assessed for 3) retrieval (n = 26) (n=3)
eligibility (n=21) Cannot distinguish ADHD
— from non-ADHD l Reports excluded:
l participants (n = 2) No confirmed ADHD
M) Reports d for diagnosis (n = 5)
g eligibility (n =23) Inappropriate design
] Studies included in review ] and/or outcome measures
S (n=29) (n=5%5)
£

Figure 1. Prisma 2020 Flow Diagram for the review.

2.5. Quality Assessment

Quality assessment was completed using the appropriate tool for study design from
National Institute of Health [71]. For each design, all authors completed the bias assessment
independently on all papers, with any discrepancies discussed and resolved. Papers that
were deemed of poor quality were removed from further data analysis.

2.6. Data Analysis

Descriptive statistics from the studies were used to calculate effect sizes. These were
expressed as Hedges” g, which accounts for sample variance and variations in sample
size [41] using established guidelines for interpreting the magnitude of the effect size
(0.2 = small, 0.5 = medium, and 0.8 = large) [72]. Where insufficient data was provided
to calculate effect sizes, authors were contacted. In the event of no response, a summary
of the results in the paper is provided in places of effect size. Given the range in study
designs, effect sizes were calculated for participants with ADHD only (excluding data
from additional non-ADHD groups where present) and in relation to the baseline data
immediately prior to any intervention. If there were follow-up periods, effects for these
time points were also in relation to the baseline. Where control conditions were included,
effect sizes were calculated separately for these. Meta-analyses were conducted for mind-
fulness interventions where at least three studies had used the same measures in the same
population, and heterogeneity was deemed as small (I> = 25%) or moderate (I = 50%).
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Meta-analyses were run using the R-based platform meta-mar, previously employed in
ADHD research [73], using a random effects model. This model assumes that there is
certain variability between studies and that the study effect estimates show more variance
than when drawn from a single population [74]. Publication bias was assessed for the
studies included in the meta-analyses by generating and visually inspecting a funnel plot.
Where more than ten studies were included Egger’s test of the intercept, which measures
Funnel Plot asymmetry, was planned [75]. Where this was not possible due to a lower
number of studies, alternative approaches such as Fail-safe N were not conducted due to
criticisms of this approach, particularly for medical research [76] and as such assessment
relied on visual inspection only.

3. Results

As shown in Figure 1 the initial search identified, after removal of duplicates, 288 records,
of which 9 were systematic reviews. The systematic reviews were separately used for hand
searches, requiring screening of a further 91 articles, of which 13 were included in the final
data set. Of the other articles, 22 papers were sought for retrieval after title and abstract
screening and 16 of these were included. This resulted in 29 studies for inclusion.

3.1. Risk of Bias and Quality Assessment

Quality was assessed using the Pre-Post Design Studies criteria for six studies (See
Supplementary Table S1) [71]. All clearly stated the research question, used representative
samples, valid measures, and largely appropriate statistics, but sample sizes were typically
small, and data lost at the post-test time was not accounted for. There was also variation
in practices around eligibility criteria with these not always clear, and a lack of detail
about interventions. Furthermore, most studies relied on self-report only when individuals
could not be blind to the intervention. Consequently, only one-third of studies were
deemed good quality. The two studies deemed poor quality [77,78] were removed from the
remaining analysis

Non-Randomized (nRCTs) and Randomized Control Trials (RCTs) were reviewed us-
ing the Quality Assessment of Controlled Intervention Studies [71] (See
Supplementary Tables S2 and S3, respectively). Of the nRCTs, one was identified as ran-
domized, but randomization was inadequate [79]. In all nRCTs, the sample size was very
small, and most studies relied only on self-report measures, with just two including some
additional measures. Given the nature of the intervention, self-report measures are not
blinded to the condition. Studies typically did not report baseline characteristics or ac-
knowledged groups were different at baseline, although drop-out was low and comparable
between conditions, where reported. In most cases, adherence was good, but all studies
failed to report details of other treatments and ensure the sample size was sufficient for
80% power. Finally, most of the nRCTs did not use an intention-to-treat analysis. As such,
80% of these studies were deemed fair quality and one poor. The latter was therefore
removed from further consideration [79]. The RCTs fared better in terms of overall quality,
although it is notable that over one-third did not detail the method of randomization and
only 44% concealed allocation. As with the other study designs, participants could not be
blinded to the intervention type, and most did not have a blind assessment and did not
report the sample size required for 80% power. Only 44% controlled for other treatments
(both drug and non-drug). Despite this, in all but one study, the groups were comparable
at baseline and the majority showed appropriate levels of drop-out and adherence, as
well as use of valid and reliable measures. Intention-to-treat analysis was only used in
around half of the studies. Consequently, 56% of RCTs were deemed good quality, with 22%
fair and 22% poor. The four studies considered poor quality were removed from further
analysis [80-83]. Following the removal of seven studies deemed to be poor quality (See
Supplementary Table S4), 22 studies remained for analysis (See Table 1).
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Table 1. An overview of the key characteristics of the good and fair quality studies identified for this review. Of the 29 studies identified, seven were deemed poor
quality and therefore were not retained for analysis purposes.

. Medication Other Age range of Gender of Analysed
Mindfulness Control Thera; Excluded 8 8 A
Stud Design Sample cps - ADHD Status Permitted apy s qess ADHD Patients ADHD Patients Sample Size
y g P P
Condition Condition Permitted Comorbidities - crs
(Y/N/NR) (Y/N/NR) (Years) (M:F) (Initial Sample)
Mindfulness DSM-1V;
Bad;gig“[g f]t al, RCT At‘?luli Meditation PE combined or N (3_1;““‘? N ngj[;l;% S;TJEI,JQ(S;D, 18-65 18:22 40 (74)
patients (MM) ** inattentive med-iree g ’
. . Mindful Child—US . .
Beh;’g{lg“[‘; L_f]t b, Ret M"thertis ‘r’lft child Parenting US control * ADHD Y (rfﬁi‘f‘ii‘;“e NR DD, MOOD, PSY 7-12 37:19 56 (60)
- patients training (MPT) diagnosis orita
Adult Mindfulness
Bueno et al., X Y (Methylph- NEURO, PSY, OCD, ADHD 23:20 ADHD 43 (48)
P-P patients Awareness US control * DSM-1IV . NR 18-45 .
2015 [86] & HC Practice (MAP) enidate) TS, DEP, ANX HC 7:10 HC 17 (20)
Mindfulness-
%%‘117‘*[?;1] nRCT pﬁ‘t‘fgﬁs based Skills training DSM-IV Y NR PERBPD, PSY GAD MELS 55:36 91
training :
Mindfulness-
ZGOli Set[??é] RCT U“‘jf;fgg‘];ates based Cognitive WL DSM-5 Y NR DEF, B1fs]3{' i%D' suL, 19-24 3024 54 (56)
Therapy (MCBT) A
. . MBCT and
Haydicky et al., Children w/ADHD . US ADHD All except LD X
2012 [89] nRCT and LD mfr;*ifilrf‘grts WL diagnosis Y NR and ANX 12-18 280 28
18 children,
. e . . Child -US 17 parents
Ha};gi‘ékg)g]t al, P-P Famlhe:ﬁ‘evrllttks‘ child (MMEACiE a N/A ADHD NR NR ASD, BEH 13-18 13:5 (20 children,
P y diagnosis 18 mothers,
6 fathers)
Hepark et al., Adult SUD, PSY, PERS, LD, X
2019 [91] RCT patients MBCT WL DSM-1IV Y SUI SH 18-65 43:56 83 (103)
Hoxhaj et al., Adult N SZ, BPD, SUD, ASD, MAP 40.51 .
2018 [92] RCT patients MAP PE DSM-IV N SUI SH, NEURO PE 38.50 39:42 64 (81)
Mindfulness
Huguet et al., Child programme -~ ASD, PSY, BPD . .
2018 [93] RCT patients based on MBCT TAU DSM-5 N N 712 51:19 55(72)
and stress relief
DEP w/PSY SUI,
Janssen et al., Adult mania, PERS, SUD, .
2019 [94] RCT patients MBCT ** + TAU TAU DSM-IV Y Y (TAU) ASD, tic 18+ 56:64 100 (120)
disorder, LD.
. . PSy,
Kiani et al. Child Elevated ! .
(2017) [95] RCT patients MM WL SNAP-IV scores N N SSSRI\I;];S[S{'O 13-15 0:30 30
Liuetal., Parents of child . MPT 9.84 g
2021 [96] RCT patients MPT TAU Child—DSM-IV Y Y None TAU 10.27 87:26 113
Loetal., RCT Families _wlth child mlndfulqess WL cut off and 74% v NR DD, ID, ASD 5_7 83:17 100 children
2020 [97] patients intervention Us and parents
(FBMI)

ADHD diagnosis
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Table 1. Cont.

Mindfulness Control Medication Tg:]rl:r Excluded Age range of Gender of Analysed
Study Design Sample . o, ADHD Status Permitted apy s ADHD Patients ADHD Patients Sample Size
Condition Condition Permitted Comorbidities % o,
(Y/N/NR) (Years) (M:F) (Initial Sample)
(Y/N/NR)
Meyer et al Child Stt;atli;t;rllredrs(i(ills E;l);lasnr?(?silsc vlal_tlk? DEP, SUL PSY, BPD,
Y ” RCT ! g group PE & Y N ID, brain injury, 15-18 164:105 164 (184)
2021 [98] patients including DSM-5 'ASD, SUD
mindfulness study check ’
. SUD, Axis T or II
Mitchelletal, = pep Adult MM * WL DSM-IV Y NR disorder, chronic 18-50 8:12 20 (22)
2017 [99] patients .
medical problems,
. 50 children
. . . Child -US !
Muratori et al., RCT ) Child Mmdfu}ness WL 'ADHD N N ASD 8-12 50:0 20 couples,
2021 [100] patients + parents training di . 30 mothers,
iagnosis + ODD 3 fathers
Rynczak nRCT Child Mindfulness WL DSM-IV-TR Y N PSY, SUL SUD 12-15 8:4 12
2013 [101] patients training
mirll:ggﬁlrzless— No previous or 93 children and
Siebelink et al., Child Child—DSM-1V X PSY, BPD, i 93 parents
2021 [102] RCT  satients + one parent | based TAU or DSM-5 Y current mind- SUI, PTSD, SUD 8-16 7231 (103 children
intervention ful. Therapy nd 103 parents)
(MBI) a parents
van de Child Nif;?ﬁﬁn(fs 10 children,
Weijer-Bergsma P-P . Mindf 1g N/A Child—DSM-IV Y NR Not stated 11-15 5:5 10 mothers,
etal,, 2012 [103] patients + parents indfulness 9 fathers
! Parent training
Mindfulness 18 children
van der Oord Child training + . X (22 children
etal., 2012 [104] nRCT patients + parents Mindfulness WL Child—DSM-IV Y N CD, ASD 8-12 16:6 21 mothers,
Parent training 1 father)
Mindfulness Child -US
Zhang et al., Child training + SUD, ASD, PERS, . 11 children,
2017 [105] PP patients + one parent Mindfulness N/A dﬁ]gjrli)]gis Y N SUI, SH 8-12 83 11 parents

Parent training

RCT = Randomized Control Trial, nRCT = Non-Randomised Controlled Trial, Pre-Post = Pre-post design; HC = Healthy Controls, TAU = Treatment As Usual, WL = Waitlist,
PE = Psychoeducation, US = unspecified, Y = Yes, N = No, NR—Not reported ODD = Oppositional Defiant Disorder, SZ = Schizophrenia, BPD = Bipolar Disorder, Substance abuse
or dependence = SUD, Autism = ASD, DEP = depression, ANX = anxiety, GAD = Generalised Anxiety Disorder, PD = Panic Disorder, LD = Learning disability, SUI = suicidality,
SH = self-harm, NEURO = Neurological condition, DD = Developmental disorder, PSY = Psychosis, MOOD = Any major mood disorder, OCD = Obsessive Compulsivity Disorder,
TS = Tourette’s syndrome, PTSD = Post traumatic stress disorder, PERS = personality disorders, ID = Intellectual disability, BEH = behavioural problems (unspecified), CD = Conduct
Disorder, M = Male, F = Female, * Where age range was not reported, mean age was provided. ** Detailed descriptions of these interventions indicated they consisted of Mindfulness
Awareness Practice alone or in combination with MBCT.
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3.2. Study Design

The most common design was the RCT, which was used in 14 studies [84,85,88,91-102].
nRCTs were used in four studies [86,90,103,105]. The rationale given for not randomizing
varied, for example, where individuals were allocated based on their availability [101],
individual needs assessment [87,89] or using a waitlist control for ethical reasons [89,104].
Finally, four studies used pre-post designs [86,90,103,105].

3.3. Participants

Eight studies included adults [84,86-88,91,92,94,99] and six focused on children and
adolescents [89,93,95,98,101]. Hereafter, to distinguish these we will refer to adult and child
studies, where the latter refers to children and adolescents as many studies combined these
age groups (see ages detailed in Table 1). Two parent studies were included where the
intervention was designed for the parents of children with ADHD [85,96]. However, typi-
cally, studies involving parents also involved interventions for children and are therefore
referred to as family studies [90,97,100,103-105]. In total, the studies included 1237 in-
dividuals with ADHD and 525 parents. Most studies identified diagnosis as according
to DSM-III, IV or 5, or ICD-10, either received before or on entry to the study. However,
seven studies did not specify the diagnostic manual [85,89,90,95,97,100,105]. In one of these
studies, the Strengths and Weaknesses of ADHD Symptoms and Normal Behaviours Rating
Scale (SWAN) was also used to verify eligibility [97]. Finally, one study did not require a
diagnosis but did require participants have elevated ADHD symptoms on the Swanson,
Nolan, and Pelham-fourth edition (SNAP-IV) scale [95]. In one study, all participants had
co-morbid oppositional defiant disorder (ODD) [100] and in another they all had comorbid
learning disabilities [89]. Most studies excluded participants with schizophrenia or psy-
chosis, bipolar disorder, substance dependence, acute suicidality, or self-harm behaviour.
However, exclusions were also made for autism spectrum disorder, depression, and anxiety
in some studies. Only one study explicitly stated that no comorbidities were excluded [96]
and one did not specify. One study used the Kiddie Schedule for Affective Disorders and
Schizophrenia for school-age children present lifetime version (K-SAD-PL) to confirm the
ADHD diagnosis and identify co-morbidities but only reported excluding those with ASD,
bipolar disorder or psychosis [93]. The same study used the Social Communication Ques-
tionnaire to screen out children with ASD [93]. Finally, Siebelink et al. [102] used the ADHD
Rating Scale IV to determine whether the parents may have ADHD. Most studies (1 = 21) de-
scribed medication status; five required participants to be medication-free [84,92,93,95,100],
with most others requiring stable medication prior to and during the study. In contrast, only
13 studies described details of non-medication treatment, with 11 of these not-permitting
other treatments, whilst two did allow these [94,96]. The studies reviewed included samples
from ten countries. The most represented countries were the Netherlands [91,94,102-104],
followed by China [88,96,97,105] and Germany [84,87,92]. Studies had also been carried
out in the USA [99,101], Canada [89,90], Iran [85,95], Brazil [86], Italy [100], Spain [93] and
Sweden [98] suggesting a good geographical spread, at least across high-income countries.

3.4. Intervention Approaches

Interventions were typically labelled as meditation or mindfulness practice, mindfulness-
based training, or mindfulness-based cognitive therapy. There were some exceptions where
mindfulness was combined with martial arts [89] or structured skills training including
mindfulness [98]. Nineteen of the 22 studies included a control condition, but two of
these did not specify what the control condition was [85,86]. Nine studies used a waitlist
control [88,89,91,95,97,99-101,104]. Four specified a treatment-as-usual control [93,94,96,
102]. Three used a psychoeducational control [84,92,98] and one used skills training [87]. In
most studies, the mindfulness interventions consisted of eight weekly sessions around two
hours long with additional home practice [84-86,90,92,93,95,96,99,104,105]. In some cases,
these were supplemented with a booster session eight weeks after the final session in the
initial block [102,103] or a silent day during the eight-week block [94]. There were some



Psychiatry Int. 2022, 3

371

variations on this with shorter periods (4-7 weeks) [88,97,101] or those that were slightly
longer [87,91,98,100]. One study had much longer intervention periods with 20-week
approaches (1.5 h per week) [89]. In all cases, control conditions were matched for duration
to the mindfulness condition.

3.5. Outcome Measures

Not all studies divided measures into primary and secondary outcomes, and as such
we have also not made this distinction, and instead considered outcomes by study group.

3.5.1. Adult Studies

ADHD symptoms were most commonly measured using the investigator version of
the Conners Adult ADHD Rating Scale, CAARS-INV [84,91,92,94], or the self-report version,
CAARS-S [84,88,91,92,94]. Less frequently used were the Adult ADHD Self Report Scale,
ASRS [86], and the Current ADHD Symptom Scale Self Report and Clinician rated [99].
Two studies used non-standardized approaches with the Wender—Reimherr Interview, WRI,
score combined with four novel items for ADHD symptoms (investigator rating) [87] and
an EMA approach for ADHD symptoms and executive function, albeit alongside more
standardized methods [99].

Executive function was typically measured with the Behaviour Rating Inventory of
Executive Function—Adult Self-Report version, BRIEF-ASR [91,94,99], but the Deficits in
Executive Functioning Scale, DEFS, was also used [99]. One study measured the related
construct of self-efficacy using the Generalised Self-Efficacy Scale, GSES [87] and another
measured academic performance with GPA, as an outcome [88].

Mental health scales were used in several studies including the Mental Health Continuum-
Short Form, MHC-SF [94] and the Brief Symptom Inventory, BSI [92]. Symptoms of de-
pression and anxiety were measured with more specific instruments including the Beck
Depression Inventory, BDI [86,88,91,92], the Beck Anxiety Inventory, BAI [88], and the State-
Trait Anxiety Inventory, STAI [86,91]. One study used the Positive and Negative Affect
Schedule—expanded form, PANAS-X [86]. Emotional functioning was measured using
the Self-Compassion Scale-Short Form, SCS-SF [94], Difficulties in Emotion Regulation
Scale, DERS [99], Distress Tolerance Scale, DTS [99]. Quality of life was measured with the
Outcomes Questionnaire, OQ 45.2 [91,94], the SF-36 and the Adult ADHD Quality of Life
Questionnaire AAQoL [86]. Several scales were used to assess mindfulness including the
Mindful Attention and Awareness Scale, MAAS [87,88], Kentucky Inventory of Mindfulness
Skills, KIMS [91], Five Facet Mindfulness Questionnaire-Short Form, FFMQ-SF [92,94].

Where objective laboratory tests were used with adults, the most used test was the
Attention Network Test, ANT [86,88,99]. Other tests included Connor’s CPT [86] and One-
back letter task of working memory, which was used in conjunction with structural and
functional MRI [84]. One study measured attendance and attrition along with homework
completion to provide a measure of feasibility and acceptability [99].

3.5.2. Child Studies

Studies with children used similar scales and objective tests. Scale measures of ADHD
were made with the Connors Parent Rating Scale, CPRS [101], Conners Wells Adolescent
Self Report Scale (CASS-R-LF) [101], and Impact of ADHD Symptoms [98]. One study
measured symptoms using the adolescent version of the Adult ADHD Self-Report Scale,
ASRS-A, with both the parents and children providing ratings [98]. It is notable that
Rynczak (2013) used both the CPRS and the CASS-R-LF but did not clearly differentiate
the results. Executive function was measured with BRIEF [89] and the Cognitive Assess-
ment System [101]. Objective tests included the CPT, Digital Span, Stroop and Tower of
London [95], Trail Making Test, TMT [101].

More general measures of behaviour were collected with the Child Behavior Checklist,
CBCL [89,93,101], Child Sheehan Disability Scale, CSDS, Global Quality of Life scale, GQL,
the Karolinska Sleep Questionnaire, KSQ [98], DERS [95], Youth Self-Report Scale, YSR [101].
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One study used the Hospital Anxiety and Depression Scale, HADS and also collected data
on data on stress with the Pressure Activation Stress Scale, PAS [98]. This study was the
only child study to measure mindfulness with the FEMQ [98].

3.5.3. Family Studies

As with the studies described above, scale measures were the most common ap-
proach within family studies. The most used measures of ADHD in children was the
Connors Rating Scale, including parent and teacher versions [102] and SWAN [97,102].
The Connors 3 screening scale was also used [90]. Executive function was measured with
BRIEF [102,103,105]. Where objective measures of ADHD-related behaviours were col-
lected, these focused almost exclusively on attention with Connors” CPT and the Test of
Everyday Attention for Children, TEA-Ch [105], Baseline Speed, Sustained Attention Dots,
SAD, Sustained Attention Auditory, SAA [103], ANT [97] and Bells Test-Revised [100].
Only one study included an objective measure of impulsivity using the Matching Familiar
Figures Test, MFFT [100].

As with the child studies, several studies employed general behavioural indices in-
cluding the CBCL Eyberg Child Behavior Inventory, ECBI [105], YSR, and Teacher Report
Form, TREF [103], the Disruptive Behavior Disorder Rating Scale, DBDRS [104], the Social Re-
sponsiveness Scale [102] the Strengths and Difficulties Questionnaire, SDQ, Avoidance and
Fusion Questionnaire for Youth, AFQ-Y and Modified Overt Aggression Scale, MOAS [100].

Scales related to depression, anxiety and general measures of mental health were also
used. For example, the Revised Child Anxiety and Depression Scale—Youth and Parent
Report RCADS was used in one study [90]. The Depression Anxiety Stress Scale was used in
the parents in one case [102]. Another study used Flinders Fatigue Scale and the Subjective
Happiness Scale [103]. Finally, one study measured wellbeing using KIDSCREEN and sleep
problems using a standard clinical care scale [102]. Only three studies employed measures
of mindfulness in children and two of these used the Child and Adolescent Mindfulness
Measure, CAMM [100,102]. The final study used the MAAS [103].

Parent measures focused on four areas. Firstly, parent stress was measured, most
often with the Parenting Stress Index, PSI [97,103-105], but the Stress Index for Parents
of Adolescents, SIPA, was also used [89]. One study used Heart Rate Variability as an
indicator of stress [97]. Secondly, parenting style was measured with the Parenting Scale,
PS [103-105] and the Interpersonal Mindfulness in Parenting scale, IM-P [97,102,105]. Re-
lated to this, mindfulness was collected in two studies using the MAAS [103,104]. Thirdly,
ADHD-related measures were collected from parents using the ASRS [97] and the ADHD-
RS [104]. Fourthly, general mental health measures were also collected in a small number
of studies including the Depression Anxiety Stress Scale, brooding subscale of Ruminative
Response Scale, MHC-SF and SCS-SF [102]. The WHO Wellbeing Index was used in two
studies [97,102]. Outside of these four main categories, one study used the MBI-TAC to
assess treatment fidelity and another used two assessment tools completed by both child
and parent; Family Assessment Device (FAD), Issues Checklist [89]. Executive function was
measured in one study using BRIEF-Adult [102]. Emotional reactivity was also measured in
one study using the Acceptance and Action Questionnaire (AAQ) [89]. Finally, it should be
noted that Zhang et al. [105] also included qualitative data beyond the scope of this review.

3.5.4. Parent Studies

Liu et al. [96] measured stress with the Parenting Stress Index-short-form, PSI-SE,
self-compassion using the SCS, and mental health using the Hamilton Depression Scale,
HAMD, and the Hamilton Anxiety Scale, HAMA. They also examined general mindfulness
using the FFMQ, and mindful parenting using the IM-P, Chinese version (IMP-C). The
PSI-SF was also used by Behbahani et al. [85]. Measures of the child were also made using
the CPRS and ADHD-RS [96] and SNAP-IV [85].
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3.6. The Effects of Mindfulness Interventions

Given the vast number of measures reported here, some of which are described in
text, Supplementary Table S5 provides a brief overview of consistently used measures not
otherwise tabulated separately.

3.6.1. ADHD Symptoms Scales

As indicated above, several standardized measures of ADHD were used in all popu-
lations. Considering first adults with ADHD, the CAARS-INV was used in four studies.
However, two versions were used; the long version with eight subscales [84,92] and a
shorter screening version [91,94], preventing meta-analyses. Irrespective of this, all stud-
ies reported a reduction in scores after the mindfulness intervention, indicating symp-
tom improvement. For the longer version, across all subscales, effect sizes range from
—0.20 to —0.44 indicating a small-to-medium effect for Bachmann et al. [84] and —0.40 to
—0.62 indicating slightly larger effects for Hoxhaj et al. [92]. However, in both cases, the
control condition saw similar or larger effects for several subscales (g < —0.89). These
effects did reduce to negligible levels at an 8-month follow-up in one study, despite the
mindfulness condition maintaining medium-to-large effects (—0.55 to —0.80) [92]. For
the screener version, the total score reduced with a small-to-medium (g = —0.37) [94]
or large effect (g = —0.94) after mindfulness [91]. Scores for inattention reduced with
medium (g = —0.50) [94] and large effects (g = —0.83) [91]. For hyperactivity-impulsivity,
Janssen et al. [94] reported a negligible effect size (g = —0.17) whilst the effect remained
considerable for Hepark et al. [91] (g = —0.77). In both studies using this version, the
control groups revealed negligible negative effects (g < —0.14) except for attention in the
work by Janssen et al. [94] which found a small effect of the control condition (g = —0.23).

As with the CAARS-INV, multiple versions of the CAARS-SR were used with adults.
Bachmann et al. [84] and Hoxhaj et al. [92] used the long version. The latter reported
consistent findings across all subscales showing decreased scores with small-to-medium
effect sizes immediately after the mindfulness intervention (—0.28 to —0.46) which were
enhanced at the 3-month follow-up (—0.45 to —0.74). However, they also reported small-
to-medium effects for seven of the eight subscales after the control condition (—0.33 to
—0.60) which were also enhanced at follow-up and found for all eight subscales (—0.34 to
—0.74). In contrast, Bachmann et al. [84] reported a reduction in scores for all subscales
except the DSM hyperactivity-impulsivity (g = 0.05) and the total score (g = 0.30), the
latter of which increased with a small-to-medium effect. Where negative effects were
seen, the effect size was negligible in most measures, reaching a small effect only for self-
concept (g = —0.27). Furthermore, the control condition resulted in a decrease in all scale
items with a small-to-medium effect (—0.35 to —0.58). The remaining studies used the
screener version with Hepark et al. [91] and Janssen et al. [94] reporting raw scores for
inattention, hyperactivity-impulsivity, and the total, and Gu et al. [88] reporting t-scores
for the same measures. Given that three studies used different measures (i.e., raw and
t-scores), a meta-analysis was not possible. Following the mindfulness intervention all
studies reported a reduction in inattention (g = —0.64 [91], g = —0.48 [94], g = —1.90 [88]),
hyperactivity-impulsivity (g = —0.55 [91], g = —0.35 [94], g = —1.27 [88]) and total scores
(g=—-0.72[91], g = —0.48 [94], g = —1.68 [88]). Furthermore, the effects remained at the
three-month follow-up in Gu et al. [88] (inattention g = —1.86, hyperactivity-impulsivity
g = —1.58, total g = —1.36). Examination of effect sizes for the control condition indicate
negligible effects for inattention (g = —0.12 [91], g = —0.17 [94]) in two studies but a medium
effect in the third, albeit still considerably smaller than the effect in the mindfulness condi-
tion (g = —0.50 [88]). Similarly, negligible effects were seen for hyperactivity-impulsivity
in two studies (g = —0.12 [94], g = —0.16 [88]) whilst the third reached a small effect
(g = —0.21 [91]). For the total score the studies showed a negligible effect (g = —0.19 [94]) or
small effects (g = —0.23 [88], g = —0.21 [91]) The effects of the control condition remained
similar at follow-up (inattention g = —0.52, hyperactivity-impulsivity g = —0.14, total
g = —0.19 [88]).
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Apart from CAARS, several other measures were used in adults. The ASRS was with
adults [86] and in one family study with the parents of those with ADHD [97]. When used
with adults with ADHD, Beuno et al. [86] found a decrease in scores in the mindfulness
group for both inattention (g = —1.62) and hyperactivity-impulsivity subscales (g = —0.61).
Reductions, albeit with much smaller effect sizes, were also seen in their control intervention
both inattention (g = —0.22) and hyperactivity-impulsivity (g = —0.18). Lo et al. [97] found
negligible effects on all ASRS items after their mindfulness and control interventions
(g < 0.065) in the parents of those with ADHD. However, as might be expected for a non-
clinical group their scores at baseline were much lower making a reduction less likely. As
well as the ASRS, the ADHD-RS was used in the parents of children with ADHD in a family
study [104]. Data from this study was insufficient to calculate Hedges” g but the authors
reported an effect size of —0.36 and —0.48 for reductions in inattention and hyperactivity-
impulsivity in the parents. They do not specify the type of effect size and there is no
control condition. Self-report and clinician-rated versions of the Current ADHD Symptom
Scale, which produce scores of inattention, hyperactivity-impulsivity and functioning were
used by Mitchell et al. [99]. They reported decreases in all scores after the mindfulness
intervention with effect sizes substantial for all self-report (—1.82 to —2.87) and the clinician-
rated items (—1.65 to —1.90). Effects were smaller in the control intervention with only
self-report (g = —0.29) and clinician-rated (g = —0.26) scores for inattention reaching the
threshold of a small effect size (all others g < —0.12). This study also employed a novel
EMA measure of inattentive and hyperactive-impulsive symptoms. Using this measure
participants reported a reduction in scores for both symptom types (attention g = —0.44;
hyperactivity-impulsivity g = —0.59) immediately after the mindfulness intervention, in
contrast to slight increases after the control intervention, albeit with only attention meeting
the threshold for a small effect (attention g = 0.35; hyperactivity-impulsivity g = 0.15).
The final study examining ADHD outcomes in adults with the condition used the WRI in
combination with four novel items [87]. The authors used the total score, which combines
the seven subscales of the WRI as their outcome. They reported reductions in all subscales
with small-to-medium effects (—0.22 to —0.58) and a medium effect size for the total score
(g = —0.55). However, they also reported an overall medium effect for the total score in the
control condition (g = —0.50) with two subscales exceeding the threshold for a small effect
size (inattention g = —0.50, impulsivity g = —0.27).

The most used scale for studies involving children with ADHD was the CPRS which
was used in child [101], family [102], and parent studies [96]. The diversity in population
and reporting approaches prevented meta-analyses. Rynczak [101] reported five outcomes
(albeit overlapping with CASS-R-LF as indicated in Outcome Measures): Connors’” Hy-
peractivity Scale, Connors DSM HI, Connors Cognitive attention, Connors DSM IA, and
Connors DSM Total. Cognitive attention showed a small-medium effect (g = —0.45) for
the mindfulness condition but a negligible effect in the control (g = 0.02). All other mea-
sures in the mindfulness condition showed medium-to-large effect sizes (hyperactivity
g =0.60, DSM HI g = —0.68, DSM 1A g = —0.54, Total g = —0.68). The control condition
found negligible effects (hyperactivity g = 0.13, DSM HI g = —0.03, DSM IA g = —0.07,
Total g = 0.13). Sieberlink et al. [102] showed a reduction in most scores immediately
after the mindfulness intervention with effect sizes ranging from negligible to medium-to-
large (inattention g = —0.43, hyperactivity-impulsivity g = —0.29, oppositional behaviour
g = 0.08, shy anxious g = —0.62, social problems g = —0.12, emotional lability g = —0.20).
These effects were partially retained at the two-month follow-up (inattention g = —0.68,
hyperactivity-impulsivity g = —0.36, oppositional behaviour g = 0.11, shy anxious
g = —0.56, social problems g = —0.06, emotional lability g = —0.36) and the six-month
follow-up (inattention g = —0.48, hyperactivity-impulsivity g = —0.34, oppositional be-
haviour g = —0.09, shy anxious g = —0.36, social problems g = —0.09, emotional lability
g = —0.24). For the control condition, the largest effect size failed to meet the threshold
for a small effect (inattention g = —0.19) and most fell someway below this (g < 0.14).
However, at the two-month follow-up effects sizes in the control had increased in magni-
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tude (inattention g = —0.33, hyperactivity-impulsivity g = —0.40, oppositional behaviour
g = 0.16, shy anxious g = —0.23, social problems g = —0.03, emotional lability g = —0.33). A
similar pattern remained at six months (inattention g = —0.48, hyperactivity-impulsivity
g = —0.34, oppositional behaviour g = 0.09, shy anxious g = —0.36, social problems
g = —0.09, emotional lability g = —0.24). The teacher-rated version of the same scale showed
minimal effects immediately after the mindfulness intervention (inattention
g = —0.19, hyperactivity-impulsivity g = —0.08, oppositional behaviour g = 0.03, shy
anxious g = —0.09, social problems g = —0.05, emotional lability g = —0.14) and at two
months (inattention g = —0.15, hyperactivity-impulsivity g = —0.12, oppositional behaviour
g = 0.06, shy anxious g = —0.17, social problems g = —0.07, emotional lability g = 0.00).
Similarly, there was little evidence of an effect in the control condition immediately (inat-
tention g = —0.10, hyperactivity-impulsivity g = —0.08, oppositional behaviour g = —0.03,
shy anxious g = 0.03, social problems g = 0.00, emotional lability g = —0.12) or at follow-
up (inattention g = —0.39, hyperactivity-impulsivity g = —0.17, oppositional behaviour
g = —0.06, shy anxious g = —0.06, social problems g = —0.07, emotional lability
g = —0.04). Interestingly, when the parents engaged in the mindfulness intervention but not
the children, CPRS still showed small effects for conduct (g = —0.29), hyperactivity index
(g =—0.29), and learning problems (g = —0.23) but not somatic problems (g = 0.04), although
the control condition also reported a small effect for conduct (g = —0.22) [96].

Whilst the CPRS was the most frequently used in children, several other instruments
were employed. Lui et al. [96] used the ADHD-RS, providing subscales for inattention,
hyperactivity, impulsivity, and a total score. Following the mindfulness intervention only
inattention showed a reduction meeting the threshold for a small effect (g = —0.26) with the
others falling below this (total g = —0.18, hyperactivity g = —0.07, impulsivity g = —0.02).
Similar or larger effects were seen for the control condition (attention g = —0.22, hyperac-
tivity g = —0.14, impulsivity g = —0.27, total g = —0.26) suggesting no specific benefit of
mindfulness. The Connors 3 screening tool was also used with parent and self-report ver-
sions [90]. With the parent version, all scores decreased immediately after the mindfulness
intervention with a range of effect sizes (inattention g = —0.78, hyperactivity /impulsivity
g = —0.42, conduct disorder g = —0.68, oppositional defiant disorder g = —0.48, learning
g = —0.54, executive function g = —0.34, peer relations g = —0.48). These effects were
enhanced at the six-week follow-up (inattention g = —0.81, hyperactivity /impulsivity
g = —0.62, conduct disorder g = —1.08, oppositional defiant disorder g = —0.99, learning
g = —0.76, executive function g = —0.54, peer relations g = —0.44). The self-report version
showed much smaller effects, many failing to reach the threshold for a small effect (inatten-
tion g = 0.15, hyperactivity /impulsivity g = —0.11, conduct disorder g = 0.07, oppositional
defiant disorder g = 0.30, learning g = 0.29, family relations g = —0.15), which were further
reduced at follow-up (inattention g = 0.02, hyperactivity /impulsivity g = —0.04, conduct
disorder g = —0.31, oppositional defiant disorder g = 0.10, learning g = 0.28, family rela-
tions g = —0.24). Meyer et al. [98] used the ASRS-A rated by both parents and children.
Two weeks after the intervention adolescent ratings showed negligible effects for both
the mindfulness (g = —0.09) and control (g = 0.05) groups. However, at the six-month
follow-up, the effects of the mindfulness intervention had increased (g = —0.22) whilst
the control remained negligible (g = 0.05). Parent ratings found small-to-medium effects
of the mindfulness intervention at two weeks (g = —0.34) and six months (g = —0.46).
However, they also found some effects of the control at six months (2 weeks g = —0.13,
six months g = —0.26). The same study looked at the impact of symptoms and found
a negligible effect of mindfulness at two weeks (g = —0.12) and six months (g = —0.13),
albeit one that was larger than the control (two weeks g = 0.00, six months (g = —0.02).
Muratori et al. [100] used the SDQ-hyperactivity and found a large effect size after the
mindfulness intervention (g = —0.80) but not the control (g = 0.00). SNAP-IV was used
to measure children’s ADHD when only parents had received the intervention [85]. This
work also found effects of mindfulness post-intervention albeit with a slightly reduced
magnitude (attention g = —0.82, hyperactivity g = —0.28, combined g = —0.58) although the
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effects were enhanced at the 8-week follow-up (attention g = —1.02, hyperactivity g = —0.35,
combined g = —0.72). Importantly, negligible effects were found after the control condition
(attention g = 0.10, hyperactivity g = 0.10, combined g = 0.10) although these also enhanced
at follow-up (attention g = 0.30, hyperactivity g = 0.39, combined g = 0.38) resulting in
an increase in scores. SWAN was used in two family studies [97,102]. In the work by
Sieberlink et al. [102] both parent and teacher ratings were available for inattention and
hyperactivity-impulsivity. For inattention, both parents and teachers reported a similar size
effect with a reduction in scores immediately after the mindfulness intervention (parents
g = —0.36, teachers g = —0.27). However, for hyperactivity-impulsivity, only parents
reported a meaningful change (g = —0.32), with teachers showing a negligible effect
(g = —0.12). For both parent and teacher ratings effect sizes in the control intervention
failed to reach the threshold for a small effect (parent: inattention g = —0.06, hyperactivity-
impulsivity g = —0.18; teachers inattention g = —0.17) hyperactivity-impulsivity g = —0.10).
Lo et al. [97] reported medium-to-large effect sizes for inattention (g = —0.59), hyperactivity-
impulsivity (g = —0.58) and total score (g = —0.62). In contrast to this, results in the con-
trol condition indicated negligible effects (inattention g = 0.02, hyperactivity-impulsivity
g = —0.08, total g = —0.09). Finally, the DBDRS inattention, hyperactivity and ODD sub-
scales using both parent and teacher ratings were reported as showing a reduction in inat-
tention on teacher ratings and inattention and hyperactivity-impulsivity in parent ratings
in one study, although insufficient information was provided to calculate effect sizes [104].

In summary, based on different scales used, there is some evidence suggesting that
mindfulness reduces ADHD symptoms in adults with the condition, particularly for inat-
tention. However, the lack of control conditions in some studies, combined with the
comparable effects to the mindfulness intervention seen in some control conditions, where
included, and the use of self-report, makes it hard to determine how specific these effects
are to mindfulness. As with the measures in adults, there is limited evidence for mind-
fulness impacting ADHD in children. Whilst several measures did indicate a reduction
in symptoms, there was variation in effects according to scale and who was respond-
ing, with parents often reporting larger effects than children themselves or their teachers.
Furthermore, effects are also seen in control conditions.

3.6.2. Executive Function Scales

Three studies used BRIEF-ASR to measure executive function in adults [91,94,99].
Reporting approaches varied but all three included a total score. Heterogeneity of the
studies was too high (I = 76.7%) to conduct a reliable meta-analysis and as such individual
effect sizes are reported. All studies found a decrease in total score after the mindfulness
intervention with small (g = —0.26) [94] or large (g = —1.04 [91]; g = —1.13 [99]) effect sizes.
All individual subscales also showed reductions (—0.41 to —1.21). In all three studies a
control intervention was used. The total score changes after the control condition varied
from negligible (g = —0.07 [94]) to a small positive effect (g = 0.20 [99]) or a small negative
effect (g = —0.24 [91]). Most subscales saw negligible effects in the control condition. BRIEF
was also used to measure executive function in children as part of child [89] and family
studies [102,103,105]. As with adult studies, there was variety in the variables were re-
ported. For example, Haydicky et al. [89] reported findings for behavioural regulation and
monitoring only. They found a large effect decrease following the mindfulness intervention
(behavioural regulation g = —0.71, monitoring g = —1.00) in contrast to negligible effects
in the control (behavioural regulation g = —0.04, monitoring g = 0.01). Zhang et al. [105]
provided ten subscales along with the total and reported negligible effects for the total
(g = —0.02) and seven subscales (g < —0.15) with three reaching small effect sizes (shifting
g = 0.22; initiation g = 0.29; organisation g = 0.22). They had no control condition. From
the family studies, Sieberlink et al. [102] collected data about the child’s self-control from
parents and teachers. Initially both groups reported a small-to-medium effects (parents
g = —0.35, teachers g = —0.29) in contrast to the control condition (parents g = —0.16, teach-
ers g = 0.01). The two-month follow-up revealed effects had increased for the mindfulness
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condition in parent ratings but not teacher ratings (parents g = —0.56, teachers g = —0.17).
For the control condition, both effects increased (parents g = —0.33, teachers g = —0.28).
The final follow-up at six months only included parent ratings and showed both conditions
had a similar effect (mindfulness g = —0.39, control g = —0.36). The same study reported
on parent’s self-control and found an initial negligible effect of mindfulness (g = —0.16),
which increased at the two- (g = —0.24) and six-month (g = —0.36) follow-up. There was
no effect of the control condition (immediately g = 0.05, two-month g = —0.11, six-month
g = —0.09). Van de Weijer-Bergsma et al. [103] provided scores for behavioural regulation
and metacognition, from mothers, fathers, and teachers. For behavioural regulation parent
score changes were negligible (mother g = 0.15, father g = —0.11), although at follow-up the
effects on father ratings were larger (g = —0.60). For teachers there were small-to-medium
(g = 0.44) effects initially, with no follow-up data collected. For metacognition, immediate
effects were very varied (mothers g = 0.24, fathers g = —0.92, teachers g = —0.23). Follow-up
revealed negligible effects for mothers (g = 0.03) and large effects for fathers (g = —1.68).

In addition to BRIEF, DEFS was used in adults with both self-report and clinician-
report versions [99]. The total score for both versions decreased after the mindfulness
intervention (g = —1.72, self-report; g = —3.11, clinician rated). All subscales also saw
decreases with medium or large effect sizes. In contrast, total scores decreased in the control
condition but to a lesser extent (g = —0.24, self-report; g = —0.20, clinician rated) with all
changes in subscales being negligible or small-to-medium. Aside from specific executive
function instruments, several related constructs were measured. Edel et al. [87] used
measured self-efficacy in adults and reported similar increases following the mindfulness
intervention (g = 0.28) and the control (g = 0.26). Gu et al. [88] measured GPA and found
negligible effects immediately (g = —0.08) and at follow-up (g = —0.08) for the mindfulness
condition. Similarly negligible effects were found after the control, albeit in the opposite
direction (immediately g = 0.09; follow-up g = 0.17). Finally, Rynczak [101] provided
data from CAS and showed large effect sizes after the mindfulness intervention (planning
g = 0.66; attention g = 0.95) in contrast to the control condition (planning g = 0.39; attention
g = 0.12). Based on these measures of executive function and related constructs, there may
be some improvement in executive functioning following mindfulness interventions, but
the variety in instruments used and reporting approaches, along with the lack of control
conditions in several studies, means efficacy cannot be determined with any certainty.

In summary, much like the scale measures of ADHD symptoms, measures of executive
function are fraught with inconsistencies. The most consistent findings come from the
BRIEF- ASR in adults which indicates some improvement after mindfulness practice, which
is much smaller or negligible in control conditions. Work in children is highly variable,
both in reporting approaches and who is doing the reporting, and no real consistencies
have emerged yet.

3.6.3. Emotional Dysregulation Scales

Emotional difficulties were measured using DERS in adult [99] and child studies [95].
In the adult study, the total score showed a large negative effect (g = —1.34) with all
subscales showing large effects, except emotional awareness (g = —0.42), indicative of
overall reduced emotional difficulties. In contrast, the control condition elicited a small
effect on the total (g = —0.20) and a wide range of effects on the individual subscales
(—0.42 to 0.20). Similar effects were found in children [95], with a large negative effect
for the total (g = —2.71) and subscales producing small to large effects, except emotional
awareness (g = 0.02). Smaller effects were typically found in the control condition, except
for awareness (g = 0.30), access to emotional regulation (g = —0.69) and clarity (g = 0.32)
where effects were slightly larger in this condition [95]. In addition to DERS, the DTS was
used by Mitchell et al. [99] who reported a decrease in the score with a large effect size in
the mindfulness condition (g = 1.00) in contrast to the control (g = 0.15). As with executive
function, the results indicate mindfulness could be beneficial to emotional regulation in
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those with ADHD, but lack consistency in reporting and some effects within the control
condition mean further research is needed in this area.

3.6.4. Objective Measures of ADHD-Related Behaviours

The most used objective test was the ANT which was used in adult studies, and a
family study using a child version of the task. All studies collecting data from adults
reported response times for Alerting, Orienting and Conflict, however, heterogeneity was
deemed too high for meta-analyses for alerting (1% = 82.6%) and orienting (1% = 62.7%). For
alerting both positive (g = 0.29 [86]) and negative (g = —1.11 [88]) effects were noted along
with negligible effects (g = —0.10 [99]) after the mindfulness intervention. Gu et al. [88]
included a three-month follow-up where they reported larger effects (g = —1.03). Where
control conditions were present, mixed effects were also found with Beuno et al. [86]
reporting a similar effect size and direction to the mindfulness condition (g = 0.30), whilst
others reported negligible effects (g = —0.08 [88,99]). The three-month follow-up for
Gu et al. [88] also found a negligible effect in the control condition (g = 0.15). Varied effects
were found for orienting after the mindfulness intervention (immediate g = —0.85, three-
month follow-up g = —0.80 [88]; g = —0.15 [99]; g = 0.09 [86]). In the control condition, no
studies reported an effect size above the threshold for a small effect (g < 0.16). Conflict
was deemed suitable for a meta-analysis. Results demonstrated that small-medium effect
size (g = —0.33, 95% CI = —0.96, 0.31) without between-studies heterogeneity (I = 0.0%,
Q=1.29, p = 0.525) (see Figure 2). Given the small number of studies Egger’s test was not
possible. Visual inspection of the Funnel Plot suggests that there may be some reporting
bias [106] (Supplementary Figure S1).

Experimental Control Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
140.10 77.2000 21 184.60 98.5000 21 34.6% -0.49[-1.11;0.12] —

99.29 14.6000 28 100.71 11.2600 28 47.6% -0.11[-0.63; 0.42] ——

Mitchell et al.. 2017 95.57 25.4400 11 110.31 23.4200 11 17.8% -0.58[-1.44;0.28] —'—i——

Total (95% CI)

60 60 100.0% -0.33 [-0.69; 0.04] "

Heterogeneity: Tau? = 0; Chi® = 1.29, df = 2 (P = 0.52); I? = 0% I I I !

-1 05 0 05 1

Figure 2. Random effects meta-analysis conflict measures in the Attentional Network Test (ANT),
indicative of executive attention improvements after the mindfulness intervention. Experimental
refers to after the mindfulness intervention, whilst control provides baseline data [86,88,91,92].

The studies all used a control condition, one reported negligible effect on conflict
(immediately g = —0.10, three-month follow-up g = —0.07 [88]), whilst the remaining two
noted sizable effects (g = —0.63 [86]; g = —0.35 [99]). These effect sizes are very similar
to that found in the mindfulness condition, indicating the effects seen on the ANT task
conflict are unlikely to be specific to mindfulness. Aside from the three core measures all
studies reported, other ANT measures are summarized in Table 2. Similar effects are seen
for most measures in the mindfulness and control conditions for Beuno et al. [86] but in
Gu et al. [88] only negligible effects are seen in the control condition.

The only study using a child ANT reported negligible effects of mindfulness on
alerting (g = 0.06), orienting (g = 0.06) and total accuracy (g = 0.07) but a small effect on
overall reaction time (g = —0.20) and a small-to-medium effect on conflict (g = —0.41) [97].
The same study reported negligible effects in the control condition for conflict (g = 0.06),
orienting (g = 0.09), alerting (g = 0.17), and overall response time (g = —0.13) but did a
small-to-medium effect for accuracy (g = 0.36).

After the ANT, the CPT was also a popular test used in adult [86], child [95] and family
studies [105]. Although the family study used CPT measures in children, the different
populations across the three studies meant that a meta-analysis was not appropriate. A
summary of the measures and effect sizes is shown in Table 3. Note that Zhang et al. [105]
had no control condition. All three studies measured commission and omission errors.
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For commission errors, all found medium or large effect decreases, indicating improved
performance in the mindfulness condition, in contrast to negligible or smaller effects in the
control. For omission errors, effects varied with increases and decreases and larger effects
seen in the control condition. Other measures also varied considerably and often showed
little difference from the control condition.

Table 2. Effect sizes for additional Attention Network Test (ANT) variables in adult studies.

Study Measure Mindfulness (g) Control (g)
Hit Reaction Time (RT) —0.36 —0.35
Accuracy 0.61 0.37
Omission —0.68 —0.70
(ieél;ll? ;:uacli" )2 ([)§65] Hit RT standard error (SE) —0.45 —0.88
y Variability of SE —0.31 —0.46
Hit RT Block change -0.71 0.54
Hit SE block change —0.55 —0.52
Alerting error score (ES)
Immediate —1.04 0.10
Follow-up —1.15 —0.11
Gu et al., 2018 (Adult Orienting ES
Study) [88] Immediate —1.12 —0.09
Follow-up —1.16 —0.09
Conflict ES
Immediate —0.29 —0.12
Follow-up —0.45 -0.11

Table 3. Effect sizes for different measures within the Continuous Performance Task (CPT) collected in
adults and children with ADHD. RT = Reaction Time, SE = Standard Error, ISI = Interstimulus Interval.

Study Study/Measure Mindfulness (g) Control (g)
Commission Errors —0.54 0.04
Omission Errors —0.08 —-0.15
Hit RT 0.14 0.01
Hit RT SE —-0.07 0.13
Beuno et al., 2015 Variabilif.y of SE 0.08 0.12
(Adult Study) Connor’s D prime 0.07 —015
CPT 11 [86] HIT RT block change —0.16 0.03
HIT SE block change 0.23 -0.17
Hit RT ISI Change 0.09 0.24
Hit SE ISI Change 0.11 0.39
Response style —0.22 —0.23
Perseverations 0.39 0.20
Kiani et al., 2017 (Child Commission Errors —-0.51 —0.28
Study) Unspecified Omission Errors —0.21 —0.30
CPT [95] Correct Responses 0.36 0.32
Commission Errors —-2.19
Omission Errors 0.41
Hit RT —0.05
Zhang etal, 2017 3y RT Standard Deviation 0.20
c (Fan,“lgPsT“i%Y)l o Variability 0.12
onnor's [10] D Prime ~0.70
HIT RT block change —-0.27
Hit RT ISI Change 0.12

Apart from the measures already described, which were used by more than one study,
several measures were unique to individual studies and the effects sizes from these are
shown in Table 4.
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Table 4. The effect sizes from the results of other tests relating to attention and executive function
used in single studies.

Study Measure Mindfulness (g) Control (g)
1-Back Letter Test of WM *
Bachman et al., 2018 (Adult Study) [84] Reaction Time —0.55 —0.54
Number of Correct Answers 0.57 0.49
Tower of London Task
Planning 0.59 0.43
Digital Span Test
Kiani et al., 2017 (Child Study) [95] Backward span 0.44 0.23
Forward span —0.07 0.19
Total 0.21 0.24
Stroop Inhibition —0.65 —0.11
Bells-Test Revised
Speed 0.41 0.32
. . Accuracy 1.03 0.02
Muratori et al., 2021 (Family Study) [100] MFET
Speed —0.30 —0.33
Accuracy —0.29 —0.72
Trail Making Task
Rynczak, 2013 [101] Trail A —0.81 —0.04
Trail B —0.39 —0.08
Baseline Speed 0.23
0.06
0.25
Sustained Attention Dots Task
Speed —0.86
—-0.27
—0.09
Misses —0.34
—0.80
—0.41
Van de Weijer-Bergsma et al., 2012 (Child False Alarms 0.00
Study) ** [103] —0.33
—0.11
Sustained Auditory Task
Speed 0.09
0.01
0.03
Misses —0.22
—0.81
—0.34
False Alarms —0.46
—0.65
-0.77
TEA-Ch
Sky Search
No. correctly identified targets —0.83
Time per target —1.46
Attention score —-1.3
Score! —-0.73
Creature Counting
. Total correct 0.78
Zhang et al., 2017 (Family Study) [105] Timing score _075
Sky Search DT —0.16

Map Mission 1.22
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Table 4. Cont.

Study Measure Mindfulness (g) Control (g)
Walk, Do Not Walk 0.43
Opposite Worlds
Same World Total 0.15
Opposite World Total —0.15
Code Transmission -0.23

* This study examining working memory (WM) combined the task with fMRI. Whilst effect sizes could not be
calculated from the data, the authors reported greater activation in the mindfulness condition in the inferior
parietal lobule, posterior insula and precuneus. ** Study had immediate effect, 8-week and 16-week follow-ups.
Effect sizes are given in chronological order. There was no control condition.

As revealed in Table 4, effects varied considerably between tasks, which is not surpris-
ing given neurodivergent populations may show greater variation within functions [107].
However, in many cases, similar effects were seen in control conditions. Based on the
data presented, it can be argued that whilst some specific measures appear to show benefi-
cial changes following mindfulness, e.g., the commission errors in the CPT, others show
comparable effects to control conditions.

3.6.5. Wider Health Outcomes
Quality of Life

Quality of life was measured in four studies in individuals with ADHD. Three studies
collected data in adults, with two using the OQ [91,94] and one using SF—36 [92]. One study
collected data in children using the GQL [98]. Studies using the OQ reported negligible
(g = —0.15 [94]) or small effects (g = —0.32 [91]) of mindfulness with the direction of effect
suggesting improved quality of life on this measure, whilst both studies found negligible
effects of the control condition (g = —0.12 [91], g = —0.09 [94]. Hoxhaj et al. [92] used the
SF—36 and provided 10 subscale scores with effect sizes ranging from g = 0.11 to 0.41 with
similar effect sizes at follow-up, although it is noteworthy that the control condition had
similar effects. The only study to examine quality of life in children revealed negligible
effects of the mindfulness and control interventions at all post intervention time points
(g <0.11) [98]. Finally, one study provided an ADHD-specific measure of quality of life,
using the AAQoL [86]. Focusing only on the participants with ADHD within this study,
the results showed an increase in quality of life after the intervention (g = 1.45) in contrast
to the control condition (g = 0.11). Individual subscales also showed sizable effects (0.74 to
1.84) which were much reduced in the control condition (—0.16 to 0.26). Collectively these
data suggests that mindfulness interventions may have a positive impact on quality of life
in adults with ADHD, but that further research is needed.

Depression and Anxiety

Depression and anxiety were measured in several studies, either separately or us-
ing combined inventories. Considering the individual measures, the most used mea-
sure of depression was the BDI which was used in all the studies assessing adults with
ADHD [86,88,91,92]. In all cases, there was a reduction in score after the mindfulness
intervention, suggesting reduced depression, with effect sizes ranging —0.34 to —0.71.
Similar effect sizes remained in the studies with follow-up assessment [88,92]. After check-
ing heterogeneity, a meta-analysis was conducted on these four studies and showed a
small-medium effect size (g = —0.43, 95% CI = —0.70, —0.17) without between-studies
heterogeneity (I> = 0.0%, Q = 1.33, p = 0.722) (Figure 3). However, the Funnel Plot did
indicate that reporting bias could be an issue (Supplementary Figure S2).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% ClI
Bueno et al.. 2015 10.60 9.5000 21 14.00 7.9000 21 16.3% -0.38[-0.99; 0.23] 0 —
Guetal. 2018 7.07 27100 28 9.79 45700 28 20.7% -0.71[-1.26;-0.17] —~—,—
Hepark etal.. 2019 11.33 9.6200 39 14.62 9.3900 41 31.1% -0.34[-0.78; 0.10] — T
Hoxhaj et al.. 2018 9.10 7.8000 41 12.10 8.7000 41 31.9% -0.36[-0.80; 0.08] —T
Total (95% CI) 129 131 100.0% -0.43 [-0.68; -0.18] —~

Heterogeneity: Tau® = 0; Chi® = 1.33, df = 3 (P = 0.72); I = 0% I T T ‘

Figure 3. Random effects meta-analysis for Beck Depression Inventory (BDI) scores. Experimental
refers to after the mindfulness intervention, whilst control provides baseline data [86,88,91,92].

All studies included a control condition. Three of these found negligible effect sizes
immediately post intervention (—0.04 to —0.15) [86,88,91], although Gu et al. [88] showed
a small effect size in the control condition (g = —0.20) by their three-month follow-up.
Hoxhaj et al. [92] found a medium effect size of their control condition (g = —0.44) immedi-
ately after the intervention and at their eight-month follow-up (g = —0.49). Apart from the
BD], three other studies used specific measures of depression. The effect sizes are summa-
rized in Table 5. Notably after the mindfulness intervention, all studies showed a reduction
in depression with at least a small effect size, if not immediately, then at follow-up. The
threshold for a small effect was not met by the control condition in any study.

Table 5. The effect sizes from measures of depression used in single studies.

Study Measure Mindfulness (g) Control (g)
Lui et al., 2021 (Parent . .
Study) [96] Hamilton Depression Scale —0.47 —0.18
Steberlink et al, 2(.)12 Brooding in response —0.08 —0.09
(Parent measure in to sadness —0.24 0.08
Family Study) * [102] ' ‘

* Study had immediate effect and 6-month follow-up. Effect sizes are given in chronological order.

Anxiety-specific measures were collected in adults with ADHD using the STAI [86,91].
This measure showed a decrease following the mindfulness with medium (g = —0.52 [91])
to medium-to-large effect (g = —0.70 [86]. For Beuno et al. [86] the effects of the control
condition were negligible (g = —0.06) whilst for Hepark et al. [91] they reached a small effect
(g = —0.28). Apart from STAI, all other measures of anxiety were only used by individual
studies and are summarized in Table 6. As can be seen from the table, both studies showed
a decrease in anxiety after mindfulness. In contrast, only one reached a small effect after
the control.

Table 6. The effect sizes from measures of anxiety used in single studies.

Study Study/Measure Mindfulness (g) Control (g)
—0.89 0.15
*
Guetal.,, 2018 [88] BAI 088 ~0.03

Lui et al., 2021 (Parent
Study) [96]

* Study had immediate effect and 3-month follow-up. Effect sizes are given in chronological order.

Hamilton Anxiety Scale —0.39 —0.26

Three studies used combined measures of depression and anxiety. Firstly, the RCADS
was used with both parent and youth reporting versions included in one study [90].This
study reported findings for the depression, anxiety and internalising subscales only. For
all youth reported versions effects sizes were negligible (g < —0.18) immediately after the
intervention but increased at the 16-week follow-up (—0.45 to —0.47). For parent ratings,
anxiety and internalising effects were initially negligible (g < —0.15) whilst depression was
small-to-medium (g = —0.31) but all increased at the follow-up (—0.51 to —0.58). Secondly,
Siebelink et al. [102] used the Depression Anxiety Stress Scale in the parent as part of
their family study and reported a negligible effect immediately after the mindfulness
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intervention (g = —0.08), although this grew to a small effect at the six-month follow-up
(g = —0.23), suggesting some improvement. This contrasts with the control condition which
saw negligible effects at both time points (g = 0.08 and g = 0.09). Finally, Meyer et al. [98]
used the HADS measure in children and reported negligible effects of their mindfulness
(g = —0.07) and control (g = —0.02) interventions two weeks post intervention (their first
time point after the intervention). At the six-month follow-up, these had increased slightly
but remained negligible (mindfulness g = —0.19; control condition g = —0.07). In summary,
across a range of different measures, mindfulness interventions were shown to reduce
experiences of depression and anxiety in adults with ADHD. There is less convincing
evidence of an effect on children.

Stress

One study measured stress in children using the PAS and found negligible effects in
both the control and mindfulness condition immediately after (control g = 0.06, mindfulness
g = 0.04) and at the six-month follow-up (control g = —0.08, mindfulness g = —0.04) [98].
The remaining measures of stress were made in parents, most often with the PSI, as part of
family [97,103-105] and parent studies [85,96]. Despite common use of the PSI, the number
of scale items varied with two studies using a 25-item version and reporting medium effect
sizes [103,104]. Van de Weijer-Bergsma et al. [103] found medium effects for both mothers
(g = 0.45) and fathers (g = —0.66) albeit in opposite directions. However, by the follow-up
at eight weeks both showed a decrease (mothers g = —0.40; father g = —0.55). This study
did not include a control condition. Van der Oord et al. [104] did not provide sufficient
information to calculate effect size, but they reported a reduction in parenting stress with
an effect size of —0.57. The four other studies used the 36-item scale and three provided
subscales (parental distress, child parent interactions and difficult child). Heterogeneity
of the studies was assessed (I? = 72.9%) and deemed too high to conduct a reliable meta-
analysis and therefore individual effect sizes are shown in Table 7. As indicated in Table 7,
all studies showed at least a small effect for at least one of the subscales with a reduction
in score in three of the studies. Three studies included control conditions which revealed
smaller effects in all cases.

Table 7. Parent Stress Index effect sizes for studies using the 36-item scale.

Study Study/Measure Mindfulness (g) Control (g)
Total Score —-1.22 —0.29
-1.27 —-0.14
Parent Distress —1.87 —0.95
Behbahani et al., 2018 —1.75 —0.87
(Parent Study) * [85] Parent-Child Interactions —0.83 0.17
—1.04 0.28
Child Problematic
Characteristics —0.67 0.18
—0.82 0.20
Total Score —0.82 0.04
Lo et al., 2020 (Family Parent Distress —0.15 0.06
Study) [97] Parent—Child Interactions —0.12 0.04
Child Problematic
Characteristics —0.26 0.03

Lui et al., 2021 (Parent

Study) [96] Total Score —0.41 0.03
Total Score 0.16
Zhang et al., 2017 Parent Distress 0.28
(Family Study) [105] Parent—-Child Interactions 0.18
Child Problematic —0.02
Characteristics '

* Study had immediate effect and 8-week follow-up. Effect sizes are given in chronological order.
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Haydicky et al. [89] used the SIPA which provides data for five subscales. They found
decreases in stress immediately after the mindfulness intervention with small-to-medium
effect sizes for the adolescent domain (g = —0.36), parent domain (g = —0.30), parenting
stress (g = —0.33) and life stressors (g = —0.35) but a negligible effect for the relationship
domain (g = 0.01). These effects increased at the 16-week follow-up for four of the subscales
(adolescent domain g = —0.64, parent domain g = —0.86, relationship domain g = —0.42,
parent stress g = —0.88, life stress g = —0.14). There was no control condition. In addition
to scale measures of stress, one study measured heart rate variability (HRV) in parents
and explicitly identified it as a marker of stress but found no effects of mindfulness (high
frequency HRV g = —0.00, low frequency HRV g = —0.01), although the control condition
saw a small-medium effect size decrease in low frequency HRV (g = —0.43) with the high
frequency remaining negligible (g = —0.01) [97]. In summary, scale measures typically
showed a reduction in parental stress following mindfulness. Where this was not the
case [103,105] sample sizes were very small (N~10). However, reductions, albeit smaller,
were also often seen in control conditions. Furthermore, scale data was not supported
by heart rate measures in the one study that collected these from parents [97]. The only
measuring stress in individuals with ADHD indicated no effect on scales [98].

General behaviour

Several general behavioural inventories were used, predominantly in children with
ADHD. The most used measure was the CBCL, which was used in child [89,93,101] and
family studies [97,103]. Reporting approaches varied considerably with some studies giving
a total [97,101], whilst others gave individual specific subscales [97,103], or combined
subscales [89,93]. Perhaps unsurprisingly given the range of approaches, calculated effect
sizes varied considerably (Table 8). For studies reporting the total score, the effect size
immediately after the mindfulness intervention ranged from small-to-medium [97] to
large [101], but in both cases the control intervention elicited negligible effects. The only
subscale reported consistently was externalising [89,97,103] with the study by Van de Weijer-
Bergsma et al. [103] including measures from both parents of the same child separately, and
the work by Haydicky et al. [89] distinguishing between children with different ADHD
subtypes. The variation in approaches makes a meta-analysis inappropriate but in most
cases mindfulness interventions reduced externalising scores; the only exception to this
was the reports from mothers (g = 0.18) where an increase was seen [103]. It is notable that
some small-medium effect sizes were seen in control conditions but generally the control
conditions were associated with smaller effects. Effect sizes for other subscales or reported
combinations also varied from negligible to large, with most reporting a decrease in scores
and most showing a reduced effect size relative to the mindfulness intervention.

The YSR, derived from the CBCL, was used in one child [101] and one family
study [103]. In both cases different subscale detail was reported with Van den Weijer-
Bergsma et al. [103] including attention, externalising and internalising immediately after
the intervention and at 8- and 16-week follow-ups. They reported an immediate effect
on attention (g = —0.46) which increased at 8- (g = —0.89) and 16-weeks (g = —0.94).
In contrast, there were negligible effects on externalising (g = 0.11) and internalising
(g = —0.09) immediately after the intervention although these increased at 8 weeks (ex-
ternalising g = —0.46; internalising g = —0.20) and 16 weeks (externalising g = —0.75;
internalising g = —0.75). Rynczak [101] reported only the attention scores immediately
after the intervention in both a mindfulness and control condition. She found a decrease
similar to that reported by Van den Weijer-Bergsma et al. [103] in the mindfulness condition
(g = —0.39) but noted a larger effect in the control condition (g = —0.60). Alongside the
parent and child reported scales, Van den Weijer-Bergsma et al. [103], also used the teacher
report form to give another measure of attention (g = —0.30), externalising (g = —0.18) and
internalising (g = —0.19), albeit only at one time point post intervention.
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Table 8. Child Behaviour Check List (CBCL) effect sizes in child and family studies.

Study Measure Mindfulness (g) Control (g)
Externalising —0.54 —0.38
Social Problems —0.68 —0.40
Haydicky et al., 2012 Rule Breaking —0.59 —0.12
(Child Study) * [89] ADHD Problems —0.19 —0.44
Oppositional Defiant —0.83 —0.01
Conduct —0.64 —0.24
Huguet et al., 2019 AAA (anxiety/depression, _051 007
(Child Study) [93] aggression and attention) ' '
Total —0.37 —0.04
Anxiety —0.28 —0.04
Withdrawal/Depressed —0.19 —0.08
Lo et al., 2020 (Family Somatic —0.31 0.00
Study) [97] Attention —0.49 —0.05
Aggression —0.32 —0.09
Internalising —0.31 —0.04
Externalising —0.29 —0.10
Rynczak, 2013 (Child
Study) [101] Total —-1.72 0.00
Attention (mother rating) —0.09
—0.29
Attention (father rating) —0.58
—1.43
Van den Externalising (mother rating) 0.18
Weijer-Bergsma et al., -0.13
2012 (Fam- Externalising (father rating) —-0.19
ily Study) ** [103] —0.29
Internalising (mother rating) —0.10
0.01
Internalising (father rating) —0.42
—0.43

* Study provided data for whole cohort and split into inattention and hyperactivity-impulsive subtypes. Data
shown here is for whole cohort, but similar effects are seen in split analysis. ** This study included a follow-up at
8-weeks. Effects sizes are presented chronologically.

Several other instruments were used in individual studies, summarized in Table 9. Exami-
nation of Table 10 reveals that most scale measures decreased after the mindfulness intervention
but with small effects that were, in many cases, similar to the control conditions.

In summary, several behavioural inventories have been used and most demonstrate a
reduction in score after the mindfulness intervention. However, there is a broad range of
effects and, where control conditions are present, these often also show reductions making it
difficult to conclude that mindfulness improves behaviour as measured by these inventories.

Table 9. Effect sizes for general behavioural measures employed in individual studies.

Study Measure Mindfulness (g) Control (g)
Child Sheehan Disability Scale
Meyer et al., 2019 (Child Functional impairment (parent rated) —0.27 —0.09
Study) * [98] —0.20 —0.05
Functional impairment (child rated) —-0.18 —0.22
—0.30 —0.14
Strengths & Difficulties Questionnaire
Muratori et al., 2021 Conduct —0.19 —0.44
(Family Study) [100] Avoidance and Fusion Questionnaire for
—0.65 0.13
Youth

Modified Overt Aggression Scale -1.12 —-0.91
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Table 9. Cont.

Study Measure Mindfulness (g) Control (g)
BSI
Somatization —0.24 -0.13
—0.17 —0.17
Obsession/Compulsion —0.01 —0.36
—0.28 —0.43
Interpersonal —0.21 —0.11
—0.24 —0.31
Depression —0.08 —0.25
—0.04 —0.32
Anxiety -0.17 -0.32
—0.31 —0.39
Hoxhaj et al., 2018 (Adult Hostility —0.22 —0.21
Study) ** [92] . . —021 —042
Phobic anxiety —0.05 —0.24
0.08 —0.27
Paranoia -0.12 —0.26
0.01 —0.21
Psychoticism —0.27 —0.36
—0.15 —0.40
Global Severity Index —0.20 —0.34
—0.19 —0.41
Positive symptom distress index —0.30 —0.29
—0.11 —0.34
Positive symptom total —0.18 —0.22
—0.33 —0.31
Zhang et al., 2017 (Family Eyberg Child Beha.vior Inventory
Study) [105] Intensity —0.34
Problem —0.24

* This study included a follow-up at 6 months. ** This study included a follow-up at 8 months. Effects sizes are

presented chronologically.

Table 10. Effect sizes for the Five Facet Mindfulness Questionnaire which was used in two studies.

Study Measure Mindfulness (g) Control (g)
Description 0.15 0.14
0.15 0.24
Observation 0.52 0.01
0.40 0.00
Hoxhaj et al., 2018 Acting with awareness 0.18 0.40
(Adult Study) * [92] 0.48 0.39
Non ]udgu}g of inner 0.19 018
experience
0.29 0.15
Non reactlv.lty to inner 0.64 0.05
experience
0.46 0.19
Description 0.14 —0.07
Lui et al., 2021 (Parent . Obs.ervatlon 0.52 —0.05
Study) [96] Actmg w1th awal.*eness —0.01 —0.06
Non ]udglr.lg of inner _0.01 018
experience
Non reactlv'lty to inner 0.47 029
experience

* This study had an 8-month follow-up. Effect sizes are shown in chronological order.
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Self-compassion

Self-compassion was measured in three studies but with different populations, pre-
venting a meta-analysis. Janssen et al. [94] used SCS-SF in adults with ADHD and found
an increase in score after the mindfulness intervention (g = 0.35) but not after the control
(g = —0.04). Self-compassion was also measured in parents [96,102]. Siebelink et al. [102]
also used the SCS-SF, giving a total score only, and noted a small-to-medium effect post
intervention (g = 0.28) which increased at the six-month follow-up (g = 0.46). This contrasts
to their control condition of CAU which had a negligible effect size at both time points.
Lui et al. [96] used the full SCS, providing total and subscale data. The total score increased
after the mindfulness intervention with a small-to-medium effect size (g = 0.43) in contrast
to negligible effects in the control condition (g = —0.10). Examination of six subscales
revealed that five increased after the mindfulness intervention with small-to-medium effect
(0.32 to 0.45), whilst one did not reach the threshold for a small effect (self-judgement
g = 0.18). No subscale achieved a small effect in the control condition (—0.03 to —0.17). In
summary, across all three studies, there is evidence to suggest that mindfulness increases
self-compassion compared to control interventions.

Wellbeing

Measures of wellbeing were collected in three studies using the KIDSCREEN for
children with ADHD [102] and the WHO Wellbeing Index for parents as part of family
studies [97,102]. The MHC-SF was used as a measure of positive mental health in adults
with ADHD [94] and parents as part of a family study [102]. The only study to measure
wellbeing in children reported a small-to-medium effect size (g = 0.32) after the mindfulness
intervention compared to a negligible effect after the control condition (g = —0.12) [102].
Studies with parents taking part in family studies found small-to-medium effects of the
mindfulness intervention using the WHO—-5 (g = 0.35 [102]; 0.41 [97]) and the MHC-SF
(g = 0.28 [102]). Slightly smaller effects were seen in adult patients as measured by the
MHC-SF (g = 0.22 [94]). In all cases, control conditions produced negligible effects and
effects remained similar at later follow-up times where these were used [102]. One study
used the Subjective Happiness Scale in children as part of a family study [103]. They
reported no significant effects, but a small-to-medium effect was found immediately post
mindfulness (g = —0.43) and at the 8-week follow-up (g = —0.41), dropping to below the
threshold for a small effect at 16 weeks (g = —0.18). Collectively, these results suggest that
wellbeing could be improved following mindfulness but that no conclusions can be made
about happiness specifically.

Sleep

Sleep was measured in two studies in children using the standard clinical care
scale [102] or Karolinska Sleep Questionnaire [98]. Sieberlink et al. [102] reported the
proportion of children experiencing difficulties falling asleep reduced significantly in the
mindfulness condition relative to the control immediately post-treatment, but not at follow-
up. They found no differences. Given the proportion/percentage reporting, no effect
sizes were calculated. Finally, Meyer et al. [98] found negligible effects of mindfulness
post-intervention (g = 0.12) and at the six-month follow-up (g = 0.10) with similar negligible
effect in the control condition (post intervention g = —0.13, six months g = —0.03). Related
to sleep, fatigue was measured in children with ADHD and revealed negligible effects at
all time points [103].

Social skills

Social skills were assessed in one family study [102] using the Social Responsiveness
Scale to assess Autism Symptoms. This study demonstrated a small-to-medium effect
size immediately after the mindfulness intervention (g = —0.27) in contrast to a negligible
effect after the control intervention (g = —0.03), although at the six-month follow-up these
had started to converge (mindfulness g = —0.22, control g = —0.16).
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Parenting Style

A subset of family studies measured parenting style using the parenting scale or
PS [103-105]. Van der Oord et al. [104] did not provide sufficient data for effect sizes to be
calculated but indicated that over-reactivity decreased after the mindfulness intervention with
an effect size of —0.85. This partially aligns with the work of Van de Weijer-Bergsma et al. [103],
who found a reduction in over-reactivity for mothers (g = —1.00) but an increase for fathers
(g = 0.82), although by the 8-week follow-up both parents showed decreased reactivity
(mothers g = —0.61, fathers g = —0.29). In contrast, Zhang et al. [105] reported a negligible
effect of mindfulness on this measure (g = 0.11). They also found a negligible effect for
verbosity (g = —0.07) but a small effect for laxness (g = —0.27)

Family Functioning

Finally, Haydicky et al. [90] used the used the FAD and IC to examine family relations.
General family functioning from the FAD was rated by both parents and children as part
of this study. Immediately following the mindfulness intervention, parents reported a
decrease in general functioning score, indicating improved functioning (g = —0.35), whilst
the children reported a negligible effect (g = —0.09). However, by the six-week follow-
up both groups noted score reductions with small effects (parents g = —0.29, children
g = —0.24). The IC was used to measure number of conflicts and intensity of conflict, again
with parent and child ratings. Parents reported a reduction in number (g = —0.38) and
intensity of conflicts (g = —0.22) immediately and these effects were enhanced at follow-
up (number g = —0.69, intensity g = —0.70). In contrast, children rated the immediate
impact on the number of conflicts to have a negligible effect (g = —0.02) and the intensity
to have increased (g = 0.48). At follow-up, the negligible effect had increased slightly
(g = —0.16) and the intensity effect reduced (g = 0.27). AAQ was used to examine accep-
tance. Immediately post intervention there were negligible effects (parents g = 0.05, child
g = —0.07) but by the follow-up both groups showed small-to-medium effects (parents
g = —0.38, children g = —0.43) indicating greater acceptance.

3.6.6. Mindfulness Practice

Four studies used the FFMQ to measure mindfulness; two adult studies, one child
study [98] and one parent study [96]. There was considerable variation in reporting.
For example, even within the adult studies, one gave all five subscales [92] and one
only gave a total [94]. The total score provided by Janssen et al. [94] showed a small-to-
medium effect (g = 0.34), in contrast to a negligible effect in the control group (g = —0.06).
Hoxhaj et al. [92] provided all subscale data and included an 8-month follow-up. As shown
in Table 10, the authors found three of the five subscales showed at least a small effect
immediately post mindfulness and, at follow-up, this increased to four measures. In
contrast, the control group showed only one non-negligible effect initially and two at
follow-up. Based on these results in adults with ADHD, it can be argued that measures
of mindfulness do increase after a mindfulness intervention, although some elements can
also be impacted positively by control conditions. Table 10 also shows the results from the
parent study [96] using this measure, which reported very little effect of the intervention.
The only subscale to show an effect not found in the control condition was the observation
subscale. The only study conducted in children using this measure provided a total score
only and found negligible effects of the mindfulness intervention and control condition two
weeks afterwards (mindfulness g = —0.01, control g = 0.04) and at a six-month follow-up
(mindfulness g = —0.01, control g = 0.00) [98].

Five studies measured mindful parenting with the IM-P. Of these, three provided
total scores and included a control condition [96,97,102] and a fourth provided a total
but did not have a control [90], whilst the fifth gave subscales but lacked a control [105].
However, although all were based on the same original scale, the studies used different
versions with a 23-item [96], 31-item [97], 10-item [90] and unspecified number [102,105]
in use, preventing a meta-analysis. The results are summarized in Table 11. Two studies
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found substantial increases, that were maintained at follow-up [90,102], one of which had a
control condition demonstrating negligible effects. One study, without a control, revealed
some decreases in in mindfulness. The remaining two studies show little effect of the
mindfulness intervention on the IM-P scores. These data, combined with the FFMQ data
from Lui et al. [96] indicate that the interventions are not reliably impacting on mindfulness
in parents.

Table 11. Effect sizes for measures of mindfulness in parenting (IM-P).

Study Measure Mindfulness (g) Control (g)
Haydicky et al., 201 .
aydicky e a; 015 Total 0.73
(Child Study) * [90] 1.03
Lo et al., 2020 (Family
Study) [97] Total 0.02 0.02
Sieberlink et al., 2021 Total 82; 8(;8
1 *3% o .
(Family Study) ** [102] 0.53 012
Total 0.08 —0.09
Lui et al., 2021 (Parent Compassion for child —0.11 —-0.97
Study) [96] Emoponal Awgreness 017 _022
in parenting
Listening with
full attention —0.05 —0.18
Compassion for child 0.06
Zhang etal,, 2017 (Family ~ Lmotional Awareness of ~0.31
Study) [105] the self
Emotional Awareness of —0.09
the child :
Emotional non-reactivity in
. —-0.11
parenting
Listening with 035

full attention

* This study had a 6-week follow-up. ** This study included a 2- and 6-month follow-up. Follow-up data are
shown in chronological order.

After the FFMQ and IM-P, the most used measure of mindfulness was the MAAS,
for which data was collected in adult [87,88], and family studies [103,104], where in the
latter it was used to collect data from child and parents [103] or just parents [104]. These
different populations prevented a meta-analysis and therefore individual effect sizes are
described. The adult studies reported medium (g = 0.57) [87] and large (g = 1.16) [88] effect
sizes with an increase in mindfulness after the intervention. Notably, Edel et al. [87] also
found a small effect of the control condition (g = 0.30), although there was no effect of
the control in Gu et al. [88] (g = 0.09). In contrast to the effects of mindfulness in adults,
the child study reported a negligible effect initially (g = 0.09) and at the 8-week follow-up
(g = —0.06) but a medium effect at 16-weeks (g = 0.51) [103]. The same study collected data
from mothers and fathers of the same children separately. Immediately post-intervention,
they found that mothers showed increased mindfulness (g = 0.32) but this effect was lost at
follow-up (g = 0.08). Interestingly, data from fathers indicates a negligible effect initially
(g = —0.18) which becomes a small effect at follow-up (g = —0.26) and indicates a reduction
in mindfulness. Van der Oord et al. [104] used MAAS in parents and reported increased
mindfulness awareness with an effect size of 0.28 but do not give data to allow calculation
of Hedge’s g. Neither study using MAAS in parents had a control condition.

One adult study used KIMS to measure mindfulness and reported increases in all
subscales after the mindfulness intervention with effects ranging from small to large
(observation g = 0.45, description g = 0.23, acting with awareness g = 0.84, accepting without
judgement g = 0.34 [91]). For the control condition, Hepark et al. [91] found negligible
effect sizes for observation, acting with awareness, and accepting without judgment but
did find a small effect size for description (g = 0.22). Two studies, both in children, used
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CAAM to assess mindfulness [100,102]. Both found negligible effects of the mindfulness
and control interventions (mindfulness g = 0.06 and control g = 0.01 [100]; mindfulness
g = —0.15 and control g = 0.15 [102]). Sieberlink et al. [102] conducted two- and six-month
follow-up measures and found varying effects (two months mindfulness g = 0.17, control
g = 0.31; six months mindfulness g = —0.48, control g = 0.35).

Overall, only a small number of studies assessed mindfulness after interventions. Five
different scales were used, but often with differing item numbers or reporting details. In
general, interventions aimed at increasing mindfulness did increase scores on these mea-
sures but not consistently across studies and populations. For example, studies employing
the MAAS reported medium and large effect sizes in adults, negligible effects in children
and small-to-medium, opposing effects in parents.

3.6.7. Intervention Feasibility and Satisfaction

Feasibility was only measured by adherence or completion rates in one study. Mitchell
et al. found that all completed the intervention in the experimental group with 2/11 leaving
the control group. Attendance was at 7.2/8.0 sessions and homework completion was rate
3.9 on a scale of 1-5. Scores were also high for satisfaction (scale 1-7, 5.91 &+ 1.14), learning
more about ADHD (scale 1-4, 3.27 + 0.91), content relevance (scale 1-4, 3.55 + 0.93),
understandable (scale 1-4, 3.82 £ 0.41), confidence in applying (scale 14, 3.36 £ 0.41) and
recommending to others (scale 14, 3.64 £ 0.92) [99]. The family study by Lo et al. [97]
also measured satisfaction and found 93% were satisfied and 96% felt that the intervention
had helped in management of stress and emotions. Implementation fidelity was rated at
4.2/6.0, adherence at 4.5/5.0 and 4.67/5.0 for competence.

4. Discussion

After the removal of poor-quality studies, a total of 22 studies incorporating data
relating to 1237 participants with ADHD and 525 parents were identified for inclusion in
this review drawing samples from 10 different countries. The most common study design
was the RCT, followed by pre-post designs and then nRCTs. Adults and children with
ADHD were the focus of a similar number of studies, with each constituting around one
third of those included. The remaining studies were family or parent-only studies. In most
cases, participants with ADHD had received a diagnosis of ADHD using ICD or DSM but
several studies failed to specify the manual, and one assumed ADHD from elevated SNAP-
IV scores. Most studies included participants with common co-morbidities, but psychosis,
bipolar, substance dependence, suicidality and self-harm were exclusion criteria in many
of the studies. As might be expected, most allowed medication to be taken alongside
the mindfulness intervention provided use was stable, but very few provided details of
medication (e.g., stimulant, non-stimulant, formulation, or dose) and did not indicate if
these were matched across conditions or stratified randomization was used. Mindfulness
interventions typically followed the Kabat-Zinn [49] approach with the intervention over
around 8 weeks, although one deviated from this using mindful martial arts albeit with
a small sample (<30) [89]. The most common control condition was a waitlist control,
followed by treatment-as-usual and psychoeducation before more bespoke approaches
were taken. Despite 22 studies being included and several constructs being common across
these, meta-analyses were limited by different versions of scales or tasks and different
populations. Even where these were consistent, heterogeneity was often high limiting
opportunities for meta-analysis, meaning that individual effect sizes were considered in
many cases.

As expected from previous systematic reviews, most studies focused on ADHD symp-
toms [53-58,60-62,64]. The common outcome measures were scale measures such as
CAARS, ASRS and CPRS, although some novel measures were deployed [99]. Despite mea-
sures being used in multiple studies, data were not suitable for meta-analyses. However,
looking across studies and measures, evidence suggests a reduction in ADHD symptoms
in adults with ADHD, with a small-to-medium effect size. Furthermore, the effects are
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slightly larger for inattention, in contrast to impulsivity-hyperactivity, aligning with previ-
ous studies [66]. Along with improvements in the mindfulness condition, several studies
saw improvements in the control condition. Examination of the type of control suggests
active controls such as psychoeducation [84,92], or treatment as usual [94] were more likely
to result in an effect. Few studies had substantial follow-ups but there was some indication
that these control interventions saw a reduction in effect at follow-up, whilst the effects of
mindfulness held firm [92]. Waitlist controls typically saw negligible effects. Some studies
used measures of ADHD symptomology in parents [97,104] with results indicating either
negligible or reduced effects—although it is notable that the latter was only found in a
study where effect size could not be calculated in the current review. The lack of effects on
parents is unsurprising given they did not have high levels of symptomology initially, as
would be expected for a non-clinical group. As with adults, child measures also indicated a
reduction in ADHD symptomology. The effect sizes varied with scales and who responded,
with parents typically showing larger effect sizes than children self-report data as has been
found previously [54,108]. Interestingly, improvements in children were also seen when
only parents engaged in mindfulness training as part of a parent study [96]. The latter is
perhaps unsurprising given the critical influence parents can have over the ADHD-related
behaviours in children [68].

Objective tests were also used, albeit less frequently, and responses varied, likely due
to variations in test-specifics and control conditions. For example, the ANT test, used in
both children and adults, found both positive and negative effects and effects in the control
condition that were comparable to the mindfulness condition for alerting and orienting,
where a meta-analysis was not viable. A meta-analysis on conflict monitoring, indicative of
executive control, did indicate improvement after mindfulness but studies also showed
improvements in control conditions suggesting the effects were not specific. The type of
control did not seem to impact here because, whilst one study did not specify [86], two using
a waitlist found both negligible [88] and small-to-medium [99] effects. Data from the CPT
task was slightly more consistent indicating a decrease in commission errors, suggesting a
reduction in motor impulsivity, which was not also found in the control condition.

Executive function was frequently considered, using measures such as BRIEF, in both
children and adults with ADHD. Adult measures with BRIEF showed a reduction in all
total scores reported, with small to large effect sizes following mindfulness interventions.
However, small effects—in both directions—were found in the control interventions. In
both cases, waitlist controls were used [91,99] meaning that this is unlikely to arise because
of a specific process in the controls. Results from DEFS mirrored the data from BRIEF
with adults and supported improvement in executive functioning after mindfulness but
also smaller effects in the control condition. Studies in children, with various measures,
including BRIEF and CAS, consistently showed improvements in executive functioning,
although most studies lacked a control condition. Where a control was used, small effects
were also found for the waitlist control [101] and a TAU control at follow-up but not
immediately after the intervention [102]. There were also slight differences in the effect
sizes when using parent and teacher ratings as has been noted previously [109]. When
data was collected separately from both parents, results varied. Previous research has
suggested that some constructs, including attention, can result in different ratings from
mothers and fathers which could underpin this [109]. Other measures relating to executive
functioning included self-efficacy and GPA, neither of which showed mindfulness-specific
effects. Most reported a negligible effect size indicating that mindfulness did not impact
these constructs. Objective tests of executive functions such as the Digit Span and Stroop
revealed variable effects, with some small effects found in the control condition even
when this was a waitlist [95]. In summary, the limited number of studies with adequate
control conditions and follow-up periods mean it is not possible to firmly conclude that
mindfulness benefits executive function, but the evidence to date indicates that it may have
some beneficial effects, in line with previous meta-analyses [54,58].
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Emotional difficulties were examined in two of studies. However, both showed
an improvement in emotional dysfunction after mindfulness with large effect sizes, in
contrast to the control conditions which typically showed a small effect size, and therefore
also resulted in some improvement, even though in both cases individuals were in a
waitlist control [95,99]. Subscale examination suggests all areas showed substantial effects,
except emotional awareness. These results indicate that when the individual with ADHD
undergoes mindfulness training, there can be improvements in emotional functioning, in
line with a previous systematic review [59].

Several studies measured wider health outcomes. Quality of life was measured in
several studies in adults with ADHD but the variation in scales used prevent a meta-
analysis. However, data from the outcome questionnaire indicated that for adults, quality
of life can be improved following mindfulness, in the absence of improvements in control
conditions, irrespective of whether they are waitlist or TAU [91,94]. One other study using
a different measure still found some improvements with mindfulness but also saw effects
in their active control (psychoeducation) [92]. This suggests that an active psychosocial
intervention could improve the quality of life in adults with ADHD. An ADHD-specific
quality of life measure also showed mindfulness-specific improvements in adults, but no
effects on quality of life were found in children. This partially aligns with Oliva et al. (2021)
who found improvements in quality of life, albeit with a larger effect.

After ADHD symptoms and executive function, one of the most common measures,
particularly in adults was that of depression and anxiety, either separately, or in combi-
nation, as has been reported previously [66]. Meta-analyses of BDI results indicate that
mindfulness reduces depression symptoms in adults. However, positive effects were also
found in one study where the control condition was psychoeducation [92] as opposed
to a waitlist control. This might indicate that the effects are not specific to mindfulness,
although this seems unlikely because studies using other measures of depression saw only
negligible effects in the control conditions. Although the results of the meta-analysis may
be subject to reporting bias, the reduction in depressive symptoms seen across studies in
this review does align with previous systematic reviews focused on adults [58,59]. Re-
ductions were also found in anxiety in adults, although fewer studies had examined this,
which also aligns with previous work [66]. Combined measures of anxiety and depression
were more common in children but provided little evidence of an impact of mindfulness
with negligible effect sizes in many cases. Furthermore, given that most studies accepted
individuals with depression and anxiety, it is unclear what of these potential benefits relate
to comorbidity.

There is little data examining stress in individuals with ADHD (child or adult), mean-
ing it is not possible to make any firm conclusion about this outcome. Rather the focus to
date has largely been on parents, as found in a previous systematic review [54]. Parent
stress did decrease in all studies after mindfulness, although for the single study that differ-
entiated between mothers and fathers, the latter saw an initial increase in stress [103]. Four
of the studies that considered parent stress included control conditions, although one did
not report details to allow effect size calculations [104]. Of the remaining three, negligible
effects were seen for all control conditions that could be classed as inactive (waitlist or
TAU) [96,97]. One study did see an effect of the control condition but does not detail exactly
what this involved, making it impossible to determine if this could have explained the
result [85]. These results align with that of a previous review [54]. Objective measures of
stress in the form of heart rate indicated no effects of mindfulness although given this is a
proxy measure rather than a direct measure of stress, this is perhaps unsurprising.

General behavioural inventories were employed to assess problem behaviours in
several studies with the most popular being the CBCL and the externalising subscale which
showed a reduction in all cases, indicating improved behaviour, albeit ranging from small
to large effect sizes. However, whilst most studies found negligible effects of the control
when it consisted of a waitlist or TAU [93,97,101], one study did see a similar effect in the
experimental and waitlist control [89]. Similar results were found for the related YSR with
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reductions in the parent, teacher and youth-rated versions after mindfulness but also some
effects in the control condition for one study [101]. This pattern of similar reductions in
the control condition was common for other inventories used and the number of studies,
along with variation in the control conditions, means that it is not possible to make firm
conclusions about the effect of mindfulness on problematic behaviours.

Self-compassion was measured in three studies, with different populations, but in
all cases showed an increase after the mindfulness intervention, which was not present
in the control condition, suggesting the effects were specific to the intervention. This
aligns with one previous systematic review that considered self-compassion [58]. Wellbeing
was measured in children and adults with ADHD as well as parents in family studies.
Different measures prevented a meta-analysis, but all results showed improvements in
wellbeing after mindfulness, which were not found in control conditions. This aligns with a
previous systematic in children [54] suggesting these benefits may apply across the lifespan
in ADHD. Happiness was only examined in one study, and effects indicated a decrease in
happiness [103]. Several studies examined sleep using different instruments with evidence
revealing largely negligible effects. Parenting style was measured in three studies, focusing
on over-reactivity, and finding very varied results with decreases, increases and negligible
effects. Furthermore, two of the studies lacked control conditions and the third did not
provide sufficient information to calculate hedge’s g. As such from the available data it
is not possible to draw any conclusions. Some improvements in family functioning were
noted by Haydicky et al. (2015), but there were differences in the effect sizes for child and
parent ratings and for perceptions of conflicts.

In terms of mindfulness itself, few studies measured this to see whether the interven-
tion had increased mindfulness in individuals with ADHD or their parents. As is the case
for several other measures, whilst there is some evidence of increased mindfulness in those
with ADHD following the intervention, these effects are often mirrored in more active
control conditions, and in several cases, negligible effects are found throughout. Data from
parents is similarly variable. Furthermore, variety in effectiveness does not coincide with
specific characteristics (e.g., duration) of the mindfulness programme. The ineffectiveness
of some interventions to increase mindfulness may contribute to the range of effects seen in
outcome measures. Few studies examined the acceptability and feasibility of mindfulness
intervention, but those that did showed promising results with most engaging well and
showing good levels of satisfaction, including in the home practice, although adults did
twice as much as children in this regard.

To our knowledge, this is the most comprehensive systematic review of mindfulness
in ADHD, including a broad range of study designs, participants, and outcome measures.
However, there are some limitations to the current study. Firstly, the overall quality of the
studies is low, which aligns with previous systematic reviews, but does limit the conclusions
that can be made. Secondly, even where multiple studies have used the same measures in
the same population, heterogeneity was often high, which combined with relatively small
samples, renders a meta-analysis unreliable. Thirdly, even where meta-analyses could be
conducted, the low number of studies within the analysis made assessment of publication
bias through statistical testing unreliable and as such, we had to rely on visual inspection
of the Funnel Plot. The asymmetry observed could be explained by publication bias, but it
is possible this is caused by other factors. Related to this, the overall number of studies is
small. Of the 22, one study does not provide sufficient information to calculate effect sizes,
meaning the usable pool of data to calculate effect sizes was 21 studies. Fourthly, whilst
every effort was made to identify and retrieve all appropriate records, it is possible that
some, for example dissertations (such as [110], rather than publications were not identified
in our databases. Therefore, future work should include a greater range of sources to
identify relevant outputs. Certainly, Oliva et al. [66] located two more papers than the
present search using different databases. Finally, and related to the difference between
the current review and the previous one, it is also noteworthy that this previous review
included interventions that would not have met our criteria (e.g., ACT-group training [111].
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This raises an additional limitation which is that interventions may include differing
amounts of mindfulness and may not even be referred to as mindfulness. Going forward,
it will be important to clearly identify different practices from varying reporting.

5. Conclusions

In summary, the results of this systematic review suggest that mindfulness may re-
duce ADHD symptoms, emotional difficulties and problem behaviours. There is also an
indication that mindfulness can improve executive function, quality of life, wellbeing, and
self-compassion. However, in all cases, effects were often more prominent in adults than
children and variation in methods and controls limits generalization. As such further
high-quality studies are needed to confirm this. These studies must differentiate between
mindfulness and other forms of psychosocial treatment, through careful use of active and
inactive control conditions. There was slightly more convincing evidence that mindfulness
could reduce depression and anxiety symptoms, although most studies showing this were
conducted in adults, with child data more doubtful. The benefits of mindfulness for depres-
sion and anxiety are perhaps unsurprising given this has been identified as a promising
treatment for these conditions [112]. However, the inclusion of these conditions as comor-
bidities also clouds the findings. Parental stress has been measured in a small subset of
studies to date and results are promising but may not be specific to mindfulness and future
studies will need to compare results from active and inactive controls. Similarly, there is
insufficient data to date to determine whether there are beneficial effects on parenting style
and family relations, two aspects thought to be important for children with ADHD [68]. An
interesting observation is that very few of the studies measured mindfulness to determine
the effectiveness of the intervention and as such, it is not clear whether these interventions
are achieving their goals.

In addition to identifying the impact of mindfulness, or lack of it, on a broad range of
outcome measures, this review has demonstrated that there is a lack of high-quality research
studies in this area. Pre-post designs were particularly weak but there were also limitations
of RCTs and nRCTs. In line with previous reviews, we have identified a need for more high-
quality studies in this area using randomized designs [55,62-64,86] with greater statistical
power [54,56]. We have also identified a need to include both active and inactive controls,
as well as measure mindfulness across all conditions to ascertain whether the mindfulness
interventions increase mindfulness more than, for example, psychoeducational practices,
something which is not possible to determine from some existing studies. Furthermore,
where parents are included in the intervention or in providing ratings of their children, it
would be helpful to consider ratings from both parents, where possible, given that ratings
from mothers and fathers can vary [109]. Additionally, given that parents cannot be blind
to the child’s intervention in many cases and certainly if they are also receiving training
either in a parent or family trial. Future studies should also consider using teacher or
investigator ratings, as well as standardized objective tests of core symptoms and related
behaviours. This aligns with a previous systematic review which noted a paucity of
neuropsychological data for these studies [60,62]. Better characterization of medication
and details of comorbidities would also be beneficial, and the latter has been previously
identified as important [56]. Finally, whilst some studies included follow-up data collection,
with the longest follow-up participants for 8 months, the majority did not and therefore
future studies should include follow-up data collection.
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applied measures, not otherwise separately tabulated. Effect sizes (g) refer to those immediately after
any intervention.
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