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A meta-analytic investigation of the impact of
mindfulness-based interventions on ADHD
symptoms

Jiaming Xue, BS?, Yun Zhang, BS?, Ying Huang, MDP*

Abstract N\
Background: Mindfulness-based interventions (MBIs) have been reported to be efficacious in treating attention deficit |
hyperactivity disorder (ADHD). However, the value of the control effect of MBls on ADHD core symptoms remains controversial. To
clarify the literature on the control effect of MBls on the symptoms of ADHD and guide future researches, an effect-size analysis was
conducted.

Methods: A systematic search in PubMed, Embase, Web of Science, Medline, Cochrane Library, China National Knowledge
Infrastructure, and Wangfang Data databases was performed up to January 11, 2019. The overall effect size of MBls on ADHD
core symptoms (ie, inattention and hyperactivity/impulsivity) was recorded by the metric of Hedges’ g with 95% confidence interval,
Z-value, and P-value.

Results: Eleven eligible studies featuring 682 participants were included in the meta-analysis. The overall results indicated that MBls
had large effects on inattention (Hedges’ g = —0.825) and hyperactivity/impulsivity (Hedges’ g = —0.676) relative to the control group.
Results from subgroup analyses between self- and observer rating on ADHD symptoms revealed that the effect of MBIs both
remained in a large range and self-rated ADHD core symptom had a greater impact on heterogeneity across the studies. Meta-
regression found that the overall effect might be moderated by participant age group and control condition.

Conclusion: The present meta-analysis suggested that MBls had large effects in reducing ADHD core symptoms in comparison
with the control group. Future researches are needed to assess follow-up effects of MBls on ADHD core symptoms and explore the
correlation between the individual level of mindfulness and reduction of ADHD symptoms.

Abbreviations: ADHD = attention deficit hyperactivity disorder, MAP = mindful awareness practices, MBCT = mindfulness-
based cognitive therapy, MBls = mindfulness-based interventions, SE = standard error, TAU = treatment as usual, WT = wait-list.

Keywords: ADHD, meta-analysis, mindfulness, mindfulness-based therapies

1. Introduction

Characterized by the core symptoms of excessive motor activity,
difficulty in maintaining attention and impulsivity, attention
deficit hyperactivity disorder (ADHD) is a childhood-onset
neurodevelopmental disorder.!!! The pooled estimated preva-
lence of ADHD is around 5%.*! Although in the past it was
suggested that most children with ADHD would recover in
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adulthood, now powerful evidence has shown that impairing
symptoms of ADHD persist into adulthood in two-thirds of the
cases.”’! The disorder affects about 2.5% of the adult popula-
tion,*! which is closely related to the impairment in social
interactions,™! academic achievement,'® and work productivi-
ty.l”] Therefore, the need to treat ADHD is evidenced by the
significant influence that the disorder has on the different areas of
patients’ life.

The recommended therapy for ADHD includes pharmacologic
and non-pharmacologic interventions. Pharmaceuticals for
ADHD include psychostimulants (ie, methylphenidate and
amphetamines), are recommended as the first pharmacological
choice in some guidelines.®! However, drug therapy has
limitations, such as adverse effects and a high dropout rate,”!
and many patients showed partial or even no responses to the
treatment.!" Those nonresponders might continue to put up with
the impairing symptoms. An accelerating number of studies over
the past 2 decades have investigated the efficacy of nonpharmaco-
logic interventions for patients with ADHD, which involve training
patients in cognitive and behavioral skills to address symptoms.!!

Therefore, different psychosocial approaches have been
designed for the therapy of ADHD, including mindfulness-based
interventions (MBIs) which emphasize an observant and
nonreactive attitude toward one’s thoughts, emotions, and body
state.l'?! MBIs are considered as a type of cognitive training
which could improve attention, self-regulation abilities, and
quality of life for patients with ADHD.!"3


mailto:huangying68@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000015957

Xue et al. Medicine (2019) 98:23

Previously meta-analytic review found that MBIs were
efficacious in treating ADHD.!"!! However, many of the studies
included in that meta-analysis did not provide information on
control groups, which were instructed treatment as usual (TAU),
wait-list (WT), active control or offered the same intervention at
the end of the study. Likewise, several recently published
significant studies have not been included in that meta-
analysis.'!!

A number of studies have examined the effects of MBIs on
ADHD symptoms and conclude that MBIs might be a valuable
treatment option alongside TAU or WT for ADHD,!*2%
although the magnitudes of the reported effects are heteroge-
neous. To date, no other new meta-analytical review of the effects
of MBIs on patients with ADHD has been performed.

To provide researchers and clinicians with a detailed and useful
quantitative summary of the evidence for MBIs for ADHD, we
conducted a meta-analysis of treatment studies. Our analysis was
guided by the following goals:

(1) evaluate the magnitude of the control effects of MBIs for
ADHD symptoms,

(2) examine whether effects across studies are indeed heteroge-
neous, and

(3) explore the influence factors of control effects, such as self-
and observer rating.

2. Materials and methods

2.1. Literature search

Studies of MBIs for ADHD patients are collected by searching the
following databases: PubMed, Embase, Web of Science, Medline,
Cochrane Library, China National Knowledge Infrastructure,
and Wangfang Data. The search terms represented by abbrevia-
tions and full text were “mindful” or “mindfulness” in
combination with “ADHD,” “attention deficit-hyperactivity
disorder,” “attention deficit disorder,” “hyperkinetic syn-
drome,” or “brain dysfunction, minimal.” We repeated the
search 3 times during the process of the meta-analysis to identify
the newly published studies, and the last search was performed on
January 11, 2019. In addition, reference lists of related reviews
and retrieved articles were checked to determine whether any
studies were not identified in the aforementioned search.

2.2. Inclusion and exclusion criteria

The inclusion criteria for studies in the meta-analysis were as
follows:

(1) the intervention based on mindfulness either with or without
guidance,

(2) an inactive or active control condition included,

(3) participants clinically diagnosed as ADHD according to any
diagnostic criterion, such as Diagnostic and Statistical
Manual of Mental Disorders Fifth Edition,!*! and

(4) valid outcome measurements used to examine the effective-
ness of MBIs on ADHD symptoms.

The exclusion criteria were:

(1) the intervention combined mindfulness-based exercises with
other psychoeducational programs making it difficult to
evaluate the effectiveness of mindfulness on ADHD core
symptoms,
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(2) the article did not provide sufficient information for the
calculation of effect size between the experimental and
control groups, and

(3) articles involved duplicate or overlapping studies.

This procedure was carried out by 2 independent reviewers. If
they had disagreements, the third reviewer was consulted after
discussions without reaching any consensus.

2.3. Data extraction and quality assessment

Data extraction was independently conducted by 2 reviewers to
ensure the accuracy of the data reported in the articles. In each
eligible study, the following information was extracted:

(1) the study characteristics (eg, study source, design, control
condition, follow-up timing),

(2) the participants® characteristics (eg, mean age or range,
gender distribution, ADHD subtypes),

(3) the treatment characteristics (eg, type of MBIs, duration in
weeks), and

(4) outcome measures for ADHD symptoms and mindfulness.

Meanwhile, the quality of the included articles was examined
using the Jadad scale with a total score ranging from 0 to 7,1*!!
and the Cochrane Risk of Bias Tool. Articles rated 4 to 7 points
by the Jadad scale were regarded as high quality. The Cochrane
Risk of Bias Tool consists of random sequence generation,
allocation concealment, performance and detection bias, incom-
plete outcome data, selective reporting, and other bias.!**!
According to this assessment, each eligible article was marked
unclear, low or high bias.

2.4. Calculation of effect sizes

The primary analysis was to examine the overall effect size of
MBIs separately on ADHD core symptomatology (ie, inattention
and hyperactivity/impulsivity). The overall effect size was
recorded by the metric of Hedges’ g to correct the small sample
bias.”?>! We used Comprehensive Meta-Analysis software version
3 to convert the reported data,””*! such as Cohen d, means of pre-
and post-treatment and standard deviations for the experiment
and control groups, into Hedges’ g. Since the pre- and post-
measures within the group were not independent and the
correlation between them was not often mentioned in the articles,
we use 0.7 as a conservative estimate.'*’! If participants in the
same group were evaluated by different informants (eg, both self-
and teacher rating), the mean of the outcomes was used to
contribute 1 single effect size to the main analysis. Subgroup
analyses and meta-regression were conducted to determine if the
variable (eg, informant, age) across the articles might have
contributed to heterogeneity within the analyses. We performed
subgroup analyses based on the type of informant for the
examination of the difference in effect size. The mixed effects
model was applied in meta-regression to determine whether the
variables differ across the studies. The variables were published
year, study quality, the age of participants (ie, child or adult),
control condition (ie, TAU, WT, or active control), type of MBIs
(ie, mindfulness-based cognitive therapy [MBCT], mindful
awareness practices [MAP], or others), and the duration of
MBIs (in weeks). According to Lipsey and Wilson,*®! an effect
size from 0.00 to 0.32 was considered as small, 0.33 to 0.55 as
moderate, and 0.56 to 1.20 as large.
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2.5. Statistical analysis

The meta-analysis was performed by pooling the data in
Comprehensive Meta-Analysis software version 3 to calculate
Hedges’ g with 95% confidence interval, standard error (SE), Z-
value, and P-value and present a forest plot for the primary
analysis. Considering the variation (eg, participants character-
istics, type of MBIs) in the articles that met the inclusion criteria,
we assume that the true effect would not stay stable across the
articles. Therefore, a random effects model was utilized in the
meta-analysis. The I* and Chi-square-based O test were used for
the assessment of the overall heterogeneity between articles. The
O-statistic suggests if the presence of significant heterogeneity.
The I* describes the proportion of heterogeneity across the
articles.”?”1 And 25%, 50%, and 75% of I? mean low, moderate
and high heterogeneity, respectively.!*8! Sensitivity analysis was
conducted by excluding eligible studies sequentially to determine
the effect of every single eligible study on final results. The
evaluation of publication bias was carried out using a funnel plot,
a classic fail-safe N test, and Duval and Tweedle’s trim and fill
method. The asymmetric distribution in a funnel plot indicates
the presence of the potential bias.**! The calculation of
Rosenthal’s fail-safe N produces the estimated number of
unpublished studies needed for reducing the effect size below
significance.**" Duval and Tweedle’s trim and fill method was

www.md-journal.com

adopted to impute the value of missing studies and generate an
adjusted effect size on the basis of the impact of these missing
studies.**!

2.6. Ethical approval

This meta-analysis does not require ethical approval or patient
consent because the data used in the meta-analysis were extracted
from previously published studies which had declared ethical
approvals and no original clinical raw data was utilized. This
meta-analysis was performed in accordance with PRISMA
guidelines.

3. Results

As showed in Figure 1, according to the search strategy, 379
articles in total were identified and another 3 studies were
collected through manual search. A total of 304 articles were
excluded after removing duplications. After scanning the title and
abstracts, 35 articles were eliminated because they were not
related to the purpose of the meta-analysis. A total of 31 articles
were excluded for various reasons by further full-view screening.
Thence, 12 eligible articles met the inclusion criteria. However, 1
of these 12 articles was excluded for not providing sufficient
statistical results to calculate the effect size.

c
.g Records identified through Additional records identified
é database searching through other sources
5 (n=379) (n=3)
c
]
=
| S— b
. Records after duplicates removed
(n=78)
]
=
c
]
=
@ Records screened | Records excluded
(n=78) i (n=35)
4 Full-text articles excluded,
Full-text articles assessed W R iy = 58
i e .| Notinvolved in ADHD (n = 6)
z for eligibility " " .
= (n = 43) Not involved in MBIs (n = 18)
% No control group (n = 6)
w Data unavailable (n = 2)
.
VI Studies included in
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°
@
-]
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Figure 1. Flow diagram of literature selection for meta-analysis.



http://www.md-journal.com

icine

Med

Xue et al. Medicine (2019) 98:23

1SI-HBM = [\ ‘MBIAIBIUI LIBYUWIBY—I9PUSAL = [4A\ ‘[BNSN SB JusWieal =Ny
‘S81e0s Bulyes SIoIRBYSq [euIou pue SWodwAs gHAY JO Sassaudeam pue syibuans = NyMS ‘dnolf Buiurely sixMs =191 S ‘(usping =g ‘Justuredw) =1) Bulyel-jas =Yg ‘a[eas buryes Jayoes} pue jualed Wey[ad pue ‘Ue|oN ‘UOSUBMS = A-dYNS ‘UOITRIASP pJepuels = (S ‘UoeanpaoyaAsd
=34 ‘(eoueqmisip=Q ‘fpuenb=p) siayio Aq Bupei=yo ‘Uodes Jou=yN ‘dnoib Bujuren paseq-sseuinjpuiw =o]gN ‘Adessyr aapuBOd paseq-ssauNpuUIL = | DG\ ‘Senoeid SSBUSIEME [NJPUIL= |\ ‘OedS SSaualemMe pUB UOUSHE [NJpUll = SyWA ‘SSaujnipuill
10 Muojuanul Axomuay = Sy ‘@dAigns aanuaneul = N| ‘edfigns snsindwi/annoeiedAy = |H ‘wio} Loys-areuuonsanb Ssauinipuill 189} Al = DN ‘SSaulnipuIl paseq-Ajiwe) =|\gd ‘Adesayy Joineyaq [eanasfep = 1gq ‘Uoisian Buiuaalas :podal-|as-a[eas buiel qHAY INpe ,Slauuo)
=S :S-SHYY) ‘8[eds buiel GHAY HNPe S$18UU0Y 8U} JO U0ISIBA BUIUBIos pajel-10jebiisanul aLy = AS :ANI-SHYYD ‘8dfians pauiguiod =0 ‘UoNIpa Uiy-8[eas Buiyes HAY INPe Aspuieg = Al-SHyYg ‘8/eds Lodal-}jas GHAY INPe = SYSY ‘epiosip AlnnoeladAy Jolyep UohusKe = QHAY

(spuepatpeN
8y 'v102)

S JanesqQ SIAIM NS'S-SHYYD 8UON m G9-81 0c (M gh) 1ogan G9-81 e dN dN Unpy [e 19 Blaquaoyos

NS'S-SHYVD (Sn ‘e1o2)
14 Jjes pue JsniesqQ AUON ‘NS:ANI-SHYYO 8UON m @69 229 6 (M g) dviN (g9 goy |t 0oy ¥'69 NI ‘9°0€ 0 Unpy [e 18 [[BYINA
(Buyd *2102)

9 1anssqQ QUON NVMS 8UON M (0200266 05 (M9 INgd (80 ¥29 08 07¢lL N piud [e18 07
(spuepatpeN
NS'S-SHVVD 0°€ :umouun ‘0°G :H ayl ‘8102

9 Jjas pue IsniesaQ O ‘AS:ANI-SHYYO ow 9 nvlL ronoee 09 OGmg 1oan  (L'LH) 268 09 0oy 0vy NI ‘087 -0 Unpy [e 18 usssuer
NS'S-SdYV) (Ruewuay ‘g102)

/ Jjas pue IsniesaQ O ‘AS:ANI-SHYYO ow g id (€811 G8e  0oF (M g) dviN 876 G0v ¥ 0’8y 09k NI ‘078 ‘0 Unpy e 19 feyxoH
(eud 'g102)

9 oS SYVIN NS'S-SHYVD ow ¢ m v¢-61 9¢ (M 9) 1odan v¢-61 8¢ 6'¢y €€6 NI 20} 0 Unpy [e 18 ny

sinopuey (Sn ‘s1o2)
14 eS O N-SHyvd ow ¢ SIIMS gz 9t (im g) 19a Loz L1 9'/8 678 NI ‘¢GL 0 Unpy e 18 Buiwel4
40-0'40-D (Ruewusy ‘v 102)

€ J8s pue IsniesaQ SYVYIN US-g-4S-11dM 8UON 9IS oron 29¢ ¢5 Gmzl)oldn (Lol 8€e 68 7’09 2'69 NI :8°0€ ‘0 Unpy [e 19 8p3
(Ise181 ‘G102)

€ JeS 8UON SHSY 8UON m 08l L1 22 (MY dviN Gneie 1e G'es dN Unpy [e 18 ousng

(m g) Bujuren

Bunuased (UeJ ‘8102)

G Janssqo BUON N-dVYNS ow g nvL Go1)es8 92 INJPUIA (¥9'1) G98  0¢ 1'99 00} pIud [e 19 IUByeqyag
AS'S-SHWYD AS (Ruewsay ‘g1L02)

9 Jjes pue JsniesqQ AUON -ANI-SHYYO BUON 3d (lgep 9zor 61 (M Q) dviN 8501 0v 12 0'Gy 1’61 NI '6'08 10 Unpy [e 18 UuelIyIeg
2109s jueuLioju| ssaunypuIy swo)dwAis UONUaNIAYU| abues uonuanIau| abues (%) alew (%) adfygns aby (A1auno9 “IA)
fujenp aHavy lo ‘(as) 1o (as) aHavy fpmis

ueaw ‘aby N ueaw ‘eby N

juswiainseawl awoanQ

awny dn-mojjo4

dnoib jouon

dnoib jejuswisadxy

'sisAjeue ay} ul papnjoul SAIPNIs JO saljsLdoRIRYD




Xue et al. Medicine (2019) 98:23

3.1. Characteristics of included studies and quality
appraisal

As presented in Table 1,117293373¢1 3 included studies were
conducted in Germany, 2 each in the United States, the
Netherlands and China, each 1 in Iran, and Israel, including
682 participants. Of all participants, 210 were children and 472
were adults. MBIs differ in duration, frequency, and components.
A MAP program was applied in 4 studies.'”>1%333% An MBCT
program was applied in 3 studies." 1521 Two studies!®1#!
involved mindful parenting programs. A mindfulness-based
training group program was applied in 1 study.*®! The MBIs
group received 8 weeks exercises in 7 studies,1H16:17:19:33-351 1
weeks in 2 studies'?®*! and 6 weeks in 2 studies.!">'® The active
control was conducted in 4 studies,>>3% WT in 5 studies'>!"~
201 and TAU in 2 studies."*'®! The outcome results of ADHD
core symptoms of inattention in comparison were reported in 11
studies and hyperactivity/impulsivity in 10 studies. Five stud-
fes!1417:33:34361 reported outcome results by both self- and
observer ratings, and other studies reported only by self- or
observer ratings for ADHA symptoms. In addition, a total of the
quality appraisal scores of each eligible article shown in Table 1
ranged from 3 to 7. Eight of all included studies were of moderate
qualities, 2 of low qualities and 1 of the high quality.

3.2. Effects on ADHD symptoms

Based on 11 studies, the combined effect size of the MBIs on
inattention was g = —0.825 (95% Cl=-1.161, —0.488, Z=—
4.805, P<.001), suggesting that significant effect of MBIs on the
reduction of inattention (Fig. 2). The assessment of overall
heterogeneity across the articles indicated the nonignorable
presence of heterogeneity (Q=42.10, df=10, P<.001). The I*
with 76.24% suggested high heterogeneity as a result of the
moderate variability across the articles. A large effect on
hyperactivity/impulsivity was observed with g=—0.676 (95%
CI=-0.975, —0.377, Z=-4.433, P<.001) as presented in

www.md-journal.com

Figure 3. The heterogeneity test results showed moderate
heterogeneity within studies with 0=29.13 (df=9, P=.001)
and I°=69.10%.

3.3. Subgroup analyses

In the subgroup analysis of self- and observer rating for
inattention, the effect size for self-rating (g=-—0.809, 95%
CI=-1.258, —0.361, Z=-3.537, P<.001) was in large range
and the effect size for observer rating (g=—0.678, 95% CI=—
1.031, —0.325, Z=-3.76, P<.001) was in smaller range than
self-rating (Fig. 4). In addition, the high heterogeneity was
observed in self-rating (O =36.47, P <.001, I*=80.80%) and the
moderate to high heterogeneity in observer rating (Q=26.05,
P<.001, I?’=73.13%) for inattention. As for hyperactivity/
impulsivity, the results demonstrated that the estimated effect size
both remained in large range with g=—0.680 (95% CI=-1.092,
—0.268, Z=-3.234, P=.001) for self-rating and g=-0.546
(95% CI=-0.835 —0.258, Z=-3.711, P<.001) for observer
rating (Fig. 5). However, the higher heterogeneity within studies
was found in self-rating (Q=24.81, P<.001, I>’=75.82%) than
observer-rating (0=18.17, P=.01, ’=61.47%).

3.4. Meta-regression analyses

The meta-regression results showed that the overall effect size was
significantly moderated by the control condition for MBIs on
inattention (8=-0.37, SE=0.12, P<.001) and hyperactivity/
impulsivity (8=-0.32, SE=0.14, P=.01), suggesting that the
effect size was larger for the MBIs group when compared to WT or
TAU conditions than active conditions. Likewise, we found that
participants’ age group had a moderating effect on overall effect
size for inattention (8= —0.30, SE=0.45, P=.50) and hyperactiv-
ity/impulsivity (8=—0.3,SE=0.34, P=.88), but the results were of
low statistical power. Meanwhile, there is no evidence that publish
year, study quality, MBIs type, and treatment duration as
confounding factors substantially contributed to heterogeneity

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
g error Variance limit limit Z-Value p-Value
Bachmann et al (2018) -0.398 0.314 0.098 -1.013 0217 -1.269 0.205 —.—-
Behbahani et al (2018) -0.489 0.268 0.072 -1.014 0.037 -1.822 0.069 ——
Bueno et al (2015) -1.650 0.343 0.118 -2.222 -0.878 -4.519 0.000 —.-—
Edel etal (2014) -0.442 0.215 0.046 -0.864 -0.021 -2.055 0.040 —-
Fleming et al (2015) -0.630 0.349 0.121 -1.313 0.054 -1.806 0.071 1l
Gu etal (2018) -1.728 0.316 0.100 -2.347 1110 5.474 0.000 ——
Hoxhaj et al (2018) -0.193 0.232 0.054 -0.647 0.261 -0.833 0.405 —-
Janssen et al (2018) -0.315 0.194 0.037 -0.694 0.085 -1.626 0.104 -
Lo etal (2017) -0.696 0.204 0.042 -1.097 -0.296 -3.406 0.001 -
Mitchell et al (2013) -2.861 0633 0.400 -4.101 -1.621 -4.522 0.000 —
Schoenberg et al (2014) -1.113 0.320 0.102 -1.741 -0.486 -3.477 0.001 —r—
-0.825 0.172 0.029 -1.161 -0.488 -4.805 0.000 -

250 -1.25 0.00 1.25 2.50

Favours A Favours B

Figure 2. Primary analysis of inattention. Cl=confidence interval.
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's  Standard Lower Upper
g error Variance limit limit Z-Value p-Value

Bachmann et al (2018) -0.487 0.316 0.100  -1.106 0.132 -1.543 0.123 |+-
Behbahani et al (2018) -1.179 0.287 0.082  -1.741 -0.617 -4.111 0.000
Bueno et al (2015) -0.533 0.305 0.093  -1.131 0.065 -1.748 0.081 —E—
Edel et al (2014) -0.248 0.212 0.045  -0.662 0.170 -1.159 0.247 —
Gu etal (2018) -1.483 0.304 0.093 -2.082 -0.896 -4.903 0.000 ——
Hoxhaj et al (2018) -0.189 0.232 0.054 -0.653 0.255 -0.858 0.390
Janssen et al (2018) -0.205 0.183 0.037 -0.583 0.172 -1.067 0.286 I
Lo et al (2017) -0.675 0.204 0.042 -1.075 -0.275 -3.307 0.001 e
Mitchell et al (2013) -1.820 0.529 0.280 -2.957 -0.883 -3.630 0.000 —l——
Schoenberg et al (2014) -0.668 0.306 0.093 -1.267 -0.069 -2.184 0.029 ——

-0.676 0.183 0.023 -0.975 -0.377 -4.433 0.000 ’

-2.50 -1.25 0.00 1.25 2.50
Favours A Favours B

Figure 3. Primary analysis of hyperactivity/impulsivity. Cl=confidence interval.

according to the meta-regression analyses (adjusted P-value is .02,
.08, .28, and >.99 for inattention and >.99, .91, .59, .04 for
hyperactivity/impulsivity, respectively), but the results for MBIs
type and treatment duration were unpowered as well.

3.5. Publication bias and sensitivity analyses

The calculation of the classic fail-safe N showed the number of
unpublished studies required for showing the nonsignificant
effects for inattention (237) and hyperactivity/impulsivity (147)
exceeded the recommended minimum of 65 (5 k + 10, where k is

the number of studies in the meta-analysis).”>! There are no
missing articles to the right mean using a random model
according to the Duval and Tweedie’s trim and fill for inattention
and hyperactivity/impulsivity. Similarly, the Begg funnel plot
showed the basically symmetric distribution (Figs. 6 and 7).
Moreover, sensitivity analyses were performed by removing
included articles sequentially to determine the impact of every
single included study on the obtained results above. The
corresponding Hedges” g of inattention and hyperactivity/
impulsivity was not greatly altered during this procedure,
indicating the stability of our meta-analysis.
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Figure 4. Subgroup analysis of inattention by informant report. Cl=confidence interval.
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Figure 5. Subgroup analysis of hyperactivity or impulsivity/informant report. Cl=confidence interval.

3.6. Effects on mindfulness

In all 11 included studies, there were merely 6 studies examined
the effect of MBIs on mindfulness of participants compared to
control conditions. The overall mean effect size was g=—0.538
(95% CI=-0.876, —0.201, Z=-3.125, P=.002), indicating a
moderate to high range of effect on mindfulness of participants.
High heterogeneity was found across the studies with 0=23.61
(P<.001) and I*=78.83%.

4. Discussion

The main purpose of this meta-analysis was to estimate the
overall effect size of MBIs on ADHD core symptoms (ie,
inattention and hyperactivity/impulsivity) in comparison with
control conditions. The previous meta-analysis merely evaluated
the difference of ADHD core symptoms between pre- and

postintervention within the group without including information
of control groups.!" When all studies were included, the primary
results showed a large effect size for ADHD core symptoms,
suggesting that MBIs could significantly reduce ADHD core
symptoms. In addition, the effect of MBIs on inattention (g=—
0.825) was larger than hyperactivity/impulsivity (g=—0.676). It
seemed to be a result of mindfulness-based exercise, which more
emphasized nonjudgemental attention of participants to one’s
occurring experience in the present moment to improve
attentional regulation.®”! And the evidence of improvement of
attentional regulation involving executive functioning processes
as the potential mechanism of mindfulness-based treatment
reducing ADHD core symptoms was provided in several
studies.*®°1 Some studies proposed the enhancement of
emotional regulation as one of the potential mechanisms as
well.B84% Mindfulness-based exercise might exert an impact on
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Figure 6. Publication bias in inattention studies.
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Figure 7. Publication bias in hyperactivity/impulsivity studies.

ADHD core symptoms through those potential mechanisms
account for these domains frequently associated with ADHD
core symptoms.!!”]

Results from subgroup analyses between self- and observer
rating for ADHD core symptoms revealed that the mean effect
size still remained in a large range compared to control
conditions, indicating the efficacy of MBIs on the reduction of
ADHD symptoms irrespective of the informant. It seemed that
MBIs were of great efficacy in individuals with ADHD.

However, we must interpret these results with cautions when
taking the heterogeneity across the studies into account. The
variables across the studies having substantial influence on
heterogeneity were as follows:

(1) participant age group,

(2) control condition,

(3) publish year,

(4) study quality,

(5) type of MBI,

(6) the duration of intervention, and
(7) type of informant.

Sensitivity analyses, subgroup analyses, and meta-regression
were conducted to identify the causes of heterogeneity. First,
sensitivity analyses showed that the similar effect size of MBIs on
ADHD core symptoms was obtained after excluding each
included studies sequentially. Second, according to subgroup
analyses aforementioned, the type of informant contributed to
the significant heterogeneity. Heterogeneity was both in high
range in the self-rating group of inattention and hyperactivity/
impulsivity according to the heterogeneity test while in moderate
range in the observer rating group, indicating self-reported
ADHD core symptoms had a greater impact on heterogeneity
across the studies. Similar results were reported in the previous
post-treatment meta-analyses.

Furthermore, meta-regression was performed to determine the
possible confounding factors. The results mentioned above
revealed that control conditions had a great impact on
heterogeneity, which suggested the smaller effect on ADHD
core symptoms when compared to active conditions than inactive
conditions (ie, WT or TAU). The active control group helped to

control the alternative interpretation of the possible effects of the
intervention, which can be an explanation for the meta-
regression results. We also found that the age of participants
significantly affected the heterogeneity. One possible explanation
for this could be that adults had a better understanding of their
condition and more self-consciously involved in the treatment
than children. Another possible explanation could be that the
length of intervention, mindfulness techniques, homework, and
the therapist characteristics might have different effects on
different age of participants. Moreover, the notable finding from
some studies that parenting stress plays an important part in the
ADHD severity of the clinical symptoms of children.[*®! Parents
of children with ADHD may tend to pay more attention to
children’s behavioral problems, causing them to act in a
punishing and impulsive way in which might directly increase
the clinical symptoms of children with ADHD.*'' A growing
amount of evidence that by improving parent-child interpersonal
relationships and reducing overreaction to the children’s
behavioral problems, mindfulness parenting training could
reduce parenting stress related to a decrease in ADHD
symptoms.[*!1 In 2 included studies,®'®! they both conducting
the mindful parenting training on children and their parents
reported similar results. Results of meta-regression also revealed
that publishing year, study quality, and mindfulness-based
treatment type and treatment duration did not substantially
affect the heterogeneity.

In all 11 studies, only 6 studies examined the level of
mindfulness of participants and we calculated the mean effect size
in comparison with control conditions, which was in a moderate
range. Due to the small size of the sample and high heterogeneity
across the studies, it was difficult to determine the true effect on
mindfulness and the association between the improvement of
mindfulness and the reduction of ADHD symptoms. Some
studies find out that the enhancement of the ability to describe
and act with awareness, and nonjudge of inner experience
through the mindfulness-based treatment is related to the
reduction of ADHD core symptoms.**™**! Moreover, by
adopting an attitude of nonjudgment, the experience was
regarded as neither positive nor negative, which helped to avoid
falling into negative thought and behavior patterns according to
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some studies.*>! However, more rigorous studies are still needed
in the future to explore the correlation between the individual
level of mindfulness and improvement of ADHD symptoms.

Only 6 studies of 11 included studies assessed ADHD core
symptoms months after MBIs. The results showed that the gains
were maintained for 2 to 8 months, but we must interpret these
results cautiously because of the small size of the sample and high
heterogeneity across the studies. In a chronic disorder like
ADHD, it is important to evaluate the stability of improvements
when examining the effectiveness of mindfulness-based treatment
which aims at the long-term effect on reducing core symptoms of
ADHD. Thus in the future investigation of the efficacy of
mindfulness-based treatment on ADHD symptoms, evaluation of
follow-up effects should be paid more attention.!**!

In order to make sure that the results are properly interpreted,
the limitations should be taken into account. First of all, we failed
to conduct further analysis to investigate other influence factors
for the moderating effects on the overall effect size for insufficient
original data. With the growing body of literature examining the
effects of MBIs on ADHD, importance should be attached to
report these potential confounding factors (eg, the gender of
patients, the subtype of ADHD) for future investigations so that
the correlation between these factors and effectiveness of
mindfulness-based treatment can be examined. Then, there
remained an unclear risk of bias across the studies. Inappropriate
outcome measures, unblinded observers, inaccurate descriptions
of dropouts (and their causes), and pseudo-random methods of
allocation were the main sources of bias. The internal validity of
findings can be improved by addressing larger samples, multi-
center studies, details of the MBIs, the inclusion of a proper
control group, double-blind observers, accurate descriptions of
dropouts and the appropriate allocation/randomization process
in future investigations. Finally, although ADHD is independent
of another comorbidity, the effect of mindfulness-based treat-
ment on symptoms of ADHD may be influenced by comorbid
mood disorders. Without sufficient data, we were unable to
evaluate the impact of comorbidity on the effect of the final
results. Thus, future studies should include subgroup analyses
which focus on specific populations (eg, individuals with ADHD
and comorbid anxiety disorder).

As the body of literature examining the effects of MBIs on
ADHD grows, it will be important for future researchers to report
these possible influence factors (such as the gender of patients,
and the subtype of ADHD) so that the relationship between these
factors and intervention effectiveness can be examined, and
perhaps these factors would be proved to have a significant
impact on the intervention effectiveness.

5. Conclusion

In conclusion, this study has potential implications for mindful-
ness-based treatment and provide guidance for further inves-
tigations. The large effect of MBIs on the reduction of ADHD
core symptoms was observed in this study, indicating that
mindfulness-based treatment is a promising strategy to reduce
ADHA symptoms. But the research exploring the effectiveness of
mindfulness-based treatment is still in its infancy and some
relevant questions remain to be solved. More methodologically
rigorous studies are needed to explore how the variables
moderate the effectiveness of mindfulness-based treatment.
Meantime, more attention should be paid to investigate the
association between the individual mindfulness facet and the
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improvement of symptoms in individuals with ADHD and the
long-term effect of mindfulness-based treatment.
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