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Abstract: Multiple psychosocial interventions to treat ADHD symptoms have been developed and
empirically tested. However, no clear recommendations exist regarding the utilization of these
interventions for treating core ADHD symptoms across different populations. The objective of this
systematic review and meta-analysis by the CADDRA Guidelines work Group was to generate such
recommendations, using recent evidence. Randomized controlled trials (RCT) and meta-analyses
(MA) from 2010 to 13 February 2020 were searched in PubMed, PsycINFO, EMBASE, EBM Re-
views and CINAHL. Studies of populations with significant levels of comorbidities were excluded.
Thirty-one studies were included in the qualitative synthesis (22 RCT, 9 MA) and 24 studies (19 RCT,
5 MA) were included in the quantitative synthesis. Using three-level meta-analyses to pool results
of multiple observations from each RCT, as well as four-level meta-analyses to pool results from
multiples outcomes and multiple studies of each MA, we generated recommendations using the
GRADE approach for: Cognitive Behavioral Therapy; Physical Exercise and Mind-Body intervention;
Caregiver intervention; School-based and Executive intervention; and other interventions for core
ADHD symptoms across Preschooler, Child, Adolescent and Adult populations. The evidence sup-
ports a recommendation for Cognitive Behavioral Therapy for adults and Caregiver intervention for
Children, but not for preschoolers. There were not enough data to provide recommendations for the
other types of psychosocial interventions. Our results are in line with previous meta-analytic assess-
ments; however, they provide a more in-depth assessment of the effect of psychosocial intervention
on core ADHD symptoms.

Keywords: ADHD; psychosocial treatment; psychological interventions; school-based interventions;
physical exercise; mind-body intervention; caregiver interventions

1. Introduction

Attention-deficit/hyperactivity Disorder (ADHD) is primarily defined by the pres-
ence of developmentally inappropriate levels of inattentive and/or hyperactive-impulsive
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symptoms, lasting for at least 6 months, occurring in different settings and first manifest-
ing in childhood [1,2]. The presentation of the disorder is characterized by inattention,
hyperactivity or both [3].

Despite the clinical validity of the different presentations (or subtypes) of ADHD (i.e.,
primarily inattentive, primarily hyperactive/impulsive, mixed), these presentations are
each associated with heterogeneous trajectories, such that none of them can be specifically
associated with different long-term prognoses [3]. Indeed, a wide array of negative out-
comes has been associated with ADHD, regardless of the presentation of the symptoms.
Children with ADHD present poorer life satisfaction and poorer quality of life than their
peers, and this difference persists into adulthood [4]. Individuals with ADHD experience
academic underachievement, employment problems, lower income, and poorer health out-
comes compared to individuals without ADHD [5]. Not surprisingly, school performance
tends to be lower for ADHD children, and they tend to obtain their diploma later and
dropout at a higher rate [6,7]. ADHD symptoms negatively affect emotional regulation,
which in turn can lead to interpersonal problems [8,9]. Moreover, children with ADHD
tend to show deficits in social skills and the processing of social information impairing their
ability to integrate into groups of peers [10]. Children and adolescents with ADHD are
more at risk of initiating socially deviant behavior such as bullying [11] or, later in life, to
commit crimes [12]. Of concern, ADHD is associated with increased all-cause mortality [3].
Adults with ADHD face an increased risk of death by suicide, homicide, and unintentional
injuries [13]. People with ADHD are at increased risk of asthma, obesity, diabetes mellitus,
allergy, hypertension, sleep problems, psoriasis, sexually transmitted infections, immune
disorders, and metabolic disorders [14]. In addition, all-cause mortality is increased in
individuals with ADHD [14].

In sum, all presentations of ADHD are associated with impairments that can affect
educational, emotional, and interpersonal and health domains, and worsen risks to health
outcomes. Given the relatively high incidence of ADHD, this condition is a central concern
for health and education authorities. Across different epidemiological cross-cultural studies,
it is estimated that the pooled rate is between 4 and 7% of children [3,15] and between
1.4 and 3% of adults [15,16] live with ADHD. This is consistent with the observation that
the severity of symptoms tends to diminish with age, even though significant impairment
persists for about half of affected individuals. Exact incidence of ADHD is unknown [17].
The meta-analytic studies assessing prevalence reported above were conducted using DSM-
IV criteria. The prevalence of ADHD according to DSM-5 criteria is likely slightly higher,
both for children [18] and adults [19], since DSM-IV criteria required 6 symptoms for the
diagnosis of each subtype while DSM-5 requires only 5 symptoms in adults.

1.1. Etiologies of ADHD

A substantial and still growing literature supports the status of ADHD as a neurodevel-
opmental disorder that can be understood, at least in large part, by biological mechanisms.
Numerous studies have shown that ADHD demonstrates high heritability and specific
genomes have been linked to the attention or hyperactive symptomatology [14,20-24].
Brain structure, connectivity, activity and neurotransmission patterns of individuals with
ADHD tend to demonstrate slight but reliable differences with that of non-ADHD indi-
viduals [25-33]. ADHD is also reliably associated with decreased performance on certain
cognitive tasks (generally involving processing speed, working memory, and attentional
tasks) but also with particular types of cognitive errors such as rule violation, omission and
commission [34-37].

In addition to innate neurological development, other factors may contribute to the
persistence or even development of ADHD [38,39]. The most comprehensive and current
expert consensus [14] is that the development and severity of ADHD symptoms may be
influenced by a wide array of psychological, environmental or social factors such as depri-
vation, stress, family discord, poverty, trauma or exposure to environmental toxins [40].
In addition, it is well accepted that there exist reciprocal, albeit insufficiently understood,
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interactions between these different factors. For example, innate child impulsivity may gen-
erate more hostility from parents, but it also appears that the hostility of parents may later
increase the intensity of the child’s symptomatology, in a complex cycle of socio-genetic
interaction [41]. As a result of the complex nature of this condition a multipronged and
multidisciplinary therapeutic approach should be the mainstay of treatment.

1.2. Pharmacological Treatment of ADHD

The use of medication is a cornerstone of the treatment of ADHD. There exists robust
evidence supporting the safety and efficacy of these treatment to reduce ADHD symptoms
in children, adolescents, and adult populations [42-44]. Medication can also reduce related
emotional symptoms associated with ADHD [45,46]. Importantly, observational studies
with large samples of ADHD participants have also shown that stimulant medication
increases school performance [47-49] and quality of life (among children and adolescents,
but not among adults; [50]). ADHD medication is also associated with reduced risk of
depression [51], suicide [13,52], teen pregnancy [53], substance abuse [54], children and
adolescent accidental injuries [55-57], adult motor accidents [58,59], as well all-cause
mortality [60]. Nevertheless, negative attitudes coupled with inexact beliefs are frequent
regarding the use of medication for the treatment of ADHD [61]. Such attitudes may be
shared by parents [62,63], teachers [64] and even school medical staff [65]. Unfavorable
media coverage likely contributes to the hostility against the pharmacological treatment of
ADHD [62,66,67].

Furthermore, medication may not be the treatment of choice for all individuals. Not
all respond to pharmacological treatment [46] and adverse effects such as reduced ap-
petite, abdominal pain, reduced sleep, hypertension and headaches [68,69] may pre-
clude the use of medication in some individuals. In children, stimulants can delay
gains in height and weight [70]. Therefore, despite availability of generally safe and
efficacious medications, some individuals with ADHD or their caregivers may prefer
non-pharmacological interventions.

1.3. Psychosocial Interventions for ADHD

Non-pharmacological interventions or psychosocial treatment should also be con-
sidered as a crucial adjunct treatment which may enhance response to pharmacological
treatment. The term psychosocial refers to an individual’s psychological development and
interaction with the social environment. They involve psychological and social treatment.
A variety of psychosocial interventions have been developed or adapted to address ADHD
symptomatology in children, adolescents, and adults. They may constitute a primary
or adjunctive treatment, and may be based on cognitive-behavioral therapy, mind-body
regulation (e.g., physical activity, mindfulness), parent-training, school-based settings or
even community settings [71]. The psychosocial interventions for treatment of ADHD
are well recognized in the literature. Despite a large body of evidence suggesting that
ADHD is primarily caused by biological factors, this does not preclude the contribution
of psychological, social and ecological factors on symptoms and their consequences [14].
Indeed, it has been argued that optimal treatment with medication should integrate psy-
chological and social factors for understanding, preventing and, importantly, treating
illness [72-74]. Hence, non-pharmacological aspects of the treatment of ADHD should be
thoroughly investigated [75].

Currently, despite the burgeoning literature on psychosocial intervention for ADHD,
there is little clear guidance regarding the role of psychosocial approaches in the treatment
of ADHD that is based on a systematic review of the literature and uses a well-established
method of evidence assessment (e.g., GRADE; [76]). There is a need for a comprehensive
and up-to-date summary of psychosocial interventions treatment for ADHD, so that effica-
cious interventions and population-specific response to each of them may be identified.

Such guidance is necessary for a multiplicity of reasons. As previously mentioned, the
choice of psychosocial treatment may be favored because of negatively biased representa-
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tions of ADHD medication in the media and the general public [67]. Adverse effects may
limit the use of medication and may be inefficacious or partially efficacious for some people.
It should not be forgotten that psychological and social intervention can also produce
iatrogenic effects [77], which may be greater in younger individuals [78]. Furthermore,
psychosocial interventions generally require an important investment in resources, both
from the treated individuals (and their caregivers) and from the institutions offering the
service. Such investment may be more costly for economically disadvantaged populations
that, critically, appear to be at greater risk for ADHD [79]. As a whole, it is important
for individuals with ADHD, their caregivers and the professionals assisting them to be
cognizant of the efficacy of psychosocial interventions for the treatment of core ADHD
symptoms in order to make informed therapeutic choices.

The goal of this review and meta-analysis is to explore the existing evidence base
regarding psychosocial treatment in order to generate recommendations regarding their
use for the treatment of ADHD core symptoms.

ADHD is a highly comorbid condition (with an incidence of 60% to 100%, depending
on estimates; [80]) and treatment of ADHD associated with comorbidity will be the object
of a subsequent review.

1.4. Present Study

The objective of the present study is to systematically review recent (2010 and later)
evidence regarding the efficacy of diverse psychosocial interventions on core ADHD
symptoms and adverse effects and to compute effect sizes for each type of psychosocial
treatment. We divided psychosocial intervention into five categories: Cognitive-behavioral
therapy; Caregiver (parent) training; Metacognitive or school-based training; Physical
(or mind-body) intervention; and psychosocial intervention. The second objective is to
review previous meta-analytic work and to compare the evolution of the recommendations
across time and in relation to the quality of evidence. Meta-analytic reviews, despite their
systematic approaches, are limited by the criteria and specific approach of the reviewers. By
including a comparison with previous work, we hope to facilitate informed and unbiased
clinical decisions.

2. Methods
2.1. Eligibility Criteria

We designed the inclusion and exclusion criteria based on PICO (population, in-
tervention, comparison and outcome) articles published in English from 2010 to 13th
February 2020, which investigated populations of individuals of all age groups, both
males and females with a clinical diagnosis of ADHD. The intervention is the type of
psychosocial treatment used in the studies. The interventions include: Psychoeducation;
Therapeutic alliance/Health professional (Therapist) factors; Motivational Interviewing;
Cognitive Behavioral Therapy (CBT, Mindfulness-based CBT); Psychotherapy (e.g., Dialec-
tical Behavior Therapy; Trauma-focused; Emotion-focused; Eye movement desensitization
and reprocessing (EMDR); Play-based therapy; Social Skills Training; Behavior Therapy
(e.g., Behavior Management/Modification, Reinforcement Schedules); Parent/Caregiver
training; Family interventions; School-based interventions/accommodations; Workplace
interventions/accommodations; Mind-body interventions (e.g., Yoga, Mindfulness-based
interventions, Meditation, Relaxation); Healthy lifestyle management (sleep, nutrition, exer-
cise); Coaching (e.g., daily activity scheduling and organization) EF Training/Remediation;
and E-therapies

The interventions exclude: Peer-support/Tutoring/Mentoring, Cognitive training;
Biofeedback; Nutritional supplements; Diet restrictions; and Deep brain stimulation.

Comparison includes standard care (e.g., CBT), placebo, and no intervention, but
excludes Non-standard care

Outcomes to be assessed over the short (<1 year) or long-term (>1 year) and by age
(children under 11), adolescents (12-21), adults 21+.
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Primary outcomes include core ADHD symptoms and serious adverse events.

They exclude measurements not previously validated. Note that we also included
meta-analyses, as one of the aims of the review was to document the evolution of recom-
mendations from older meta-analytic work and to compare the recommendation to that of
those we would identify from the present meta-analysis.

We excluded articles not related to ADHD/ADD in humans, that pertained only
to pharmacological treatment, that were not a meta-analysis, randomized or otherwise
controlled study, those in which ADHD diagnosed was only based on scale scores or if
there was a high level of severe comorbidity (more than 15%) of the sample.

For more detailed information about the inclusion and exclusion criteria, please refer
to Table S1.

2.2. Information Source

Records were searched on PubMed, PsycINFO, EMBASE, EBM Reviews and CINAHL
on 13 February 2020. We were interested in high-quality evidence so that only peer-
reviewed articles were considered.

2.3. Search Strategy

We combined the filters of three advanced searches. The syntax is reported in Supple-
mentary Materials.

2.4. Selection Process
Records were separated in five different intervention categories:

Cognitive-behavioral therapy;

Caregiver (parent) training;

Metacognitive or school based (i.e., teacher training) interventions;
Physical exercise or mind-body interventions;

Other psychosocial interventions

First, all records were assessed based on their title and abstracts by two independent
reviewers (SE and GG). Non-relevant studies were excluded, while potentially relevant
studies were grouped into one of the following intervention domains: Cognitive-behavioral,
Caregiver (parent) training; Metacognitive or school-based interventions; Physical or mind-
body interventions; and social/community-based interventions. Data was extracted from
the included records. Eleven reviewers were divided into four dyads and one triad. Each
member of the groups independently assessed the inclusion based on full-text screening
and validated the extracted data. Disagreement at any point during the selection process
was resolved through discussion with all reviewers during periodic meetings.

2.5. Data Items

All outcomes related to a validated ADHD symptoms scale, whether it was: (1) self-
reported, (2) parents (or caregivers) reported, (3) teachers reported, (4) administered by a
healthcare professional or (5) other informant. Furthermore, we extracted demographic
data on the participant samples, characteristics of the intervention(s) (type of intervention,
duration, means of administration) and of the control intervention, information regarding
randomization and blinding procedures, as well as the following methodological data:
(1) Was the study preregistered? (2) Was there any evidence of selective reporting? (3) Were
the sample sizes reported in analyses consistent with the sample size presented in the
methods? (4) If there are exclusions, are they justified?

For meta-analyses, we also extracted data relative to: (a) inclusion and exclusion
criteria based on PICO Population, intervention, comparison and outcome; (b) standardized
effect sizes from any analysis relating to CORE ADHD outcome; (c) risk of publication bias;
and (d) conclusions and recommendations.
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2.6. Study Risk of Bias

Risk of bias was assessed as part of the GRADE assessment procedure [81]. In accor-
dance with GRADE guidelines, all studies being RCTs, they were attributed a baseline
score of 4 (highest possible score). One or two points were subtracted if the study presented
limitations regarding: (1) allocation concealment; (2) blinding; (3) data loss at post/follow
up coupled with la lack of intent to treat analyses or lack follow up measure; (4) selective
reporting; and (5) any other potential source of bias or limitation that could limit the
confidence in the results. We did not use the Cochrane tool for assessing the risk of bias
since we were able to grade each study.

2.7. Effect Measures

For each controlled study, sample size, effect sizes of difference between intervention
and control and/or medication groups were extracted either directly or through means and
SDs/SEs/confidence intervals, t-statistics, f-statistics, or p-value. For meta-analyses, any
summary measures related to comparison between psychosocial intervention and control
intervention were extracted. We favored mean gain change when possible.

2.8. Synthesis Methods

Effect measures and characteristics of each study (PICOS) and any relevant item
regarding the reporting of the results (see Data items) were entered in an Excel file for each
review dyad. For each dyad, the records relating to their intervention group were split in
half, so that one reviewer would enter the data and the other would verify its validity for
one half of the records, and then the role was reversed for the other half. This way, all data
were entered and checked by two independent reviewers.

All effects sizes were computed with all statistics and figures computed and created
with Rstudio (R version 4.1.3) package “esc” (PBC, Boston, MA, USA) [82]. When data
were missing, authors were contacted, or if possible, means and confidence interval were
extracted from figures using WebPlotDigitizer (https:/ /automeris.io/ WebPlotDigitizer/,
accessed on 14 April 2020).

Characteristic of individual studies and meta-analysis were reported in separated
tables. Because each study reported several effect sizes (multiples outcomes, multiples
assessors, IIT or completer sample, post-test or follow up, effect size of mean change vs.
post-intervention mean only), three level meta-analyses were fitted [83]. Typical meta-
analyses are based on a two-levels structure (level 1 = global effect size, level 2 = individual
studies effects), which cannot adequately reflect multiple dependent effect sizes. When
facing multiple effect sizes per study, the researcher must average the effects, or chose only
one of the effects and thus critical information may be lost. However, three-level meta-
analyses can properly model multiple dependent effect sizes without inflating the effect
size, because individual effect sizes are nested in the study level [83]. Traditional multi-level
approach or structural equation modeling may be used to create a three-level structure [84].

In the present review, traditional multi-level analyses were conducted, using the
“Metafor” [85] package in R (Vancouver, BC, Canada), with a Restricted Maximum Likeli-
hood method. The code used is reported by Assink and Wibbelink in 2016 [86].

This statistical method produced: (1) a pooled effect size with its 95% confidence inter-
val and p-value; (2) the Q statistic for heterogeneity across the model and its p-value [87];
(3) a Likelihood-Ratio-Test of the fit of the three-level model v.s. the two-level model [85];
and (4) the distribution of the I? heterogeneity statistic across the models’ levels [85].

To explore the possible cause of heterogeneity, a meta-regression was conducted.
Sample characteristics (mean age, % male, medication), risk of bias, control comparison,
follow up vs. post-measure and mean gain effect size compared post only effect sizes were
included as moderators in the three level meta-analysis of the overall results.

We were also interested in summarizing the results of previous and older meta-analytic
review so as to present a complete and nuanced view of the literature of psychosocial
intervention for ADHD, as well as to facilitate the comparison of our results with that of
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previous meta-analytic work. We therefore conducted an analysis using effect size reported
in the meta-analyses identified with our search strategy. A four levels model was fitted, to
account not only for the dependencies at the study level (i.e., one study reported in different
comparison in the same MA, or one study being included in different MA), but also for
the dependencies at the systematic review level (i.e., all studies included in a single MA
share characteristics based on the systematic review methodology). Note that to prevent
the redundancy of information that would bias the estimates, studies that were included in
multiple already published MA were randomly assigned to only one MA.

2.9. Risk of Bias across Studies

To assess publication bias, a meta-regression was conducted, with precision (effect
size’s standard error) as a single moderator. In other words, Egger’s test [88] was performed
(for another example of a three-level meta-analysis fitting Egger’s test [89]).

2.10. Certainty and Recommendation

Certainty of the results was established following GRADE working group guide-
lines [76], that is, using a combination of (1) overall risk of bias in included studies and for
each sub-analyses; (2) inconsistencies (between-study heterogeneity and whether it was
explained or not by the different sub-analysis; coherence between present results and past
meta-analytic work, coherence between studies included in the meta-analyses and the re-
maining studies that could not be included for lack of statistic); (3) imprecision of estimates
(i-e., large confidence intervals); and (4) risk of publication bias. Recommendations were
based on GRADE guidelines [90].

3. Results

Thirty-one studies were included in the qualitative synthesis (22 RCT, 9 MA) and
24 studies (19 RCT, 5 MA) were included in the quantitative synthesis. PRISMA Flowchart
of the included studies. (Overall effect level, study level, individual effect sizes level, see
Figure 1 below).
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Records identified through Additional records identified through hand searches
PUBMED: (n=1210), PsycINFO: (n=1759), EMBASE (n=611), EBM (n=4)
Reviews (n=922)
Total records identified (n=4506) -
v
Records after duplicates removed (n = 2946) & Records excluded (n =2565)

v

Full articles assessed (n = 381)

Screening

Records excluded
Not ADHD=39
Not meta-analysis or RCT= 86
No psychosocial treatment of interest=18
No outcome of interest=17
Full text not found=7
Not in English =5
Not published in last 10 years=2
(n=174)

Full-text articles assessed for eligibility (n = 207)
Cognitive Physical & Caregiver Other Social & therapeutic interventions Executive
behavioural mind-body Training P"’;’:‘:"' : "::;35 function &
g =. o |
interventions interventions MA=7 i &tk gy Sd'°°' b'_”d
¥ = 3 Psychoeducation: RCT=7 interventions
MA=8 MA=11 RCT=49 Healthy living: RCT=5 MA=9
RCT=32 RCT=22 (n =56) Integrated collaborative: RCT=3 RCT=35
(n =40) (n=33) Driving: RCT=1; Social: MA=2, RCT=8 (n =42)
(n=34)
o
E Full-text articles excluded, with reasons (qualitative synthesis n = 175; quantitative synthesis n = 181)
w
v v - v v
Not met: lysts "
ma:.n; i Not meta-analysis or Mot me:c::‘am's o Not meta-analysis or Not meta-analysis or
No ADHD diagnosis (not RCT=2 No ADHD diagnosis =4 RCT=1 RCT=9
enough information)=3 Comorbidity=13 Comorbidity= 9 Not outcome of No outcome of
Comorbidity=10 Not outcome of No outcoms of interest=14 interest=5
Not outcome of interest=10 interest=13 No ADHD diagnosis=2 No ADHD
interest=3 Full text not found=1 NotSesd oo & Eaored Comorbidity= 13 diagnosis=10
Saine dath et No ADHD diagnosis=1 ot ":‘:w'_ 3 No access to articles 2 Comorbidity=13
different article = 1 Not all ADHD=2 Not all ADHD= 2 Mixed Intervention = 1 Design inadequate
Not valid comparator=8 No adequate control for Kilsed nbarvestioned No adequate control forMA=1
RELpes Toramredl st No adequate control for fortaz1
Not CBT=4 Statistic missing for -
- A=Y MA=1 smmk.; missing
=1
i - _— . . Studies included
Studies included in: Stides mcuced in: Studies included n: s'l“'d'“ included in: qualitative
ualitative 3 y n: thesis
R synthesis n = 4 n=13 (RCT = 11; MA synthesis n =1 L,
'8 synthesis n =8 (RCT=2; MA=2); mn n=5(RCT=2,MA
° (RCT =7 MA =1); i a ZL)" ‘!“‘""‘;J'(‘{:CT (RT =0, MA= 1); =3); quantitative
s g n= EoL
quantitative i Y n = 4(RCT
thesis n = 2 (RCT 3 . enm v
B [| synthesisn=7(rer ’y"“,m:lg =9;MA=1), synthesis n =0 =2,MA=2)
- =7MA=0) d
Studies included in: qualitative synthesis n= 31 ( RCT = 22; MA = 9 ) quantitative synthesis n= 24 (19 RCT, 5 MA)
——

Figure 1. PRISMA Flowchart of the included studies [91].

3.1. Study Characteristics and Qualitative Summary
Characteristics of all the RCT included studies are described below in Table 1.
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Table 1. Characteristics of all the RCT included studies 1.

Population GRADE Rating
. . Mean Age % (Exp, Ctrl) Follow U (Limitation Domain or
2 8 P, p
First Author Year n Intervention (Ag:osia‘;;gde) If (% Male) Comparator on RX 3 (Weeks) ADHD Scales Other Reason If
Downgraded)
CBT
10-12 weeks WRAADDS (C), CAARS
Corbisiero [92] 2018 35-41 individual CBT Adults (18-49) 32.05 (60%) TAU 100%, 100% 39 (S:S; O:L) 3 (Blinding)
fdvidua ADHD-SR (9)
16 weeks o o o . 4 L
2018 39-46 individual CBT Adults (18-65) 35.9 (69%) TAU 63%, 87% 42 CSS (S;0), CGI-I(S,CH) 3 (Blinding)
15 session
Emilsson [93] 2011 21-35 group/individual Adults 33.9 (37%) TAU 100%, 100% 12 (Ié)sggg(I;)L %CAT%GSI(SS) 3 (Blinding)
CBT (R&R2ADHD) ! !
6 weeks o - o o . 2 (Allocation concealment,
Gu [94] 2018 54 Individual MCBT Adults (19-24) 20.3 (55%) Waitlist 72%, 77% 12 CAARS (S:S) control group, blinding)
10 weeks internet
Pettersson [95] 2017  28-32° individual and Adults 34.7 (33%) Waitlist 43%, 50% None CSS (S) 3 (control group, blinding)
group therapy
(In focus)
12 sessions Relaxation
Safren [96] 2010 67-84 (15 weeks) of Adults (18-65) 43.2 (56%) training and 100%, 100% 26 and 52 ces ((SS)),(IZXCI;)IEI?(-:I){S-IV 4
individual CBT emotional support ’
12 weeks 2 (Allocation Concealment,
Schonberg [97] 2013 44 Group MCBT Adults (19-53) 37.0 (48%) Waitlist 48%, 62% None CAARS(S:S) blinding, inactive control
P group, no ITT)
Meta-cognitive AISRS-IN (), 2 (Allocation concealment
Solanto [98] 2010 81 thera Adults (18-65) 41.7 (34%) Group support Not reported None CAARS (O:L); BAS (S) blinding, no ITT) ’
py ON-TOP (S) &
Physical and Mind body intervention
6 weeks . .
Kang [99] 2011 28 (12 90 sessions) of Children 8.5 (100%) Education on 100%, 100% None K-ARS (PT) 2 (allocation

sport therapy

behavior control

concealment, blinding)
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Table 1. Cont.
Population GRADE Rating
. . Mean Age % (Exp, Ctrl) Follow U (Limitation Domain or
2 8 P, p
First Author Year n Intervention (Age R?nge If (% Male) Comparator on RX 3 (Weeks) ADHD Scales Other Reason If
Provided)
Downgraded)
° t‘/:aeiil;z H(I;T intvgr?:ilis thlos‘,/ivcal FBB-FIKS (P) 2 (allocation
Megler [100]* 2018 28 1ning Children (8 to 13) 11 (100%) NSty physic 36%, 29% None SBB-HKS (S) n
sessions/w of activity (1 90 min concealment, blinding)
ons : DISYPS-II (?)
4 x 4 min intervals) session/week
Caregiver
Parow FoTeSt CPRSR (P), CTRSR (T)
Abikoff [101] 2015 101 arenting rogra Preschooler (3-4) 73% Waitlist 0%, 0% None DuPaul 4 * Example of dual blind
(8 x 60-90 min
o7 : ADHD-RS-IV (C)
individual sessions)
3 months of
medication
. adherence program,  Children/adolescent o General clinical o Ao vy
Bai [102] 2017 89 individual and (6-16) 9.5 (80%) counselling 1%, 1% None ADHD-RS-1V (P) 4
group, online and in
person
Mindful Parenting 2 (allocation concealment,
ehbahani [103 - rogramme ildren (7- ! o aitlist o, o - inding, passive contro
Behbahani [103] 2018  48-52 prog Children (7-12 ? (66%) Waitli 100%, 100% 8 SNAP-1V (P) blinding, passi 1
(8 weeks) group, no ITT)
) 10-13 weeks Parent . o o no CSI (P;T) 3 (Allocation
Haack [104] 2017 128 Focused Training Children (7-11) 8.6 (58%) TAU 9%, 2% 21-30 COSS (T;P) concealment, blinding)
The Parenting Your
Hyperactive .1 .
Herbert[105] 2013 31 Preschooler program L reschooler G476 o 7400, Waitlist 18%, 7% None DBRS (P) 3(blinding, passive
(14 x 90 min mo) control group)
session)
New Forest
. Parenting Program  Preschooler/children 2 (720 o Mo pa.
Lange [106] 2018  129-148 (8 x 60-90 min (3-7) ? (73%) TAU 0%, 0% 36 ADHD-RS-1V (P) 4

individual sessions)
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Table 1. Cont.

Population GRADE Rating
. . Mean Age % (Exp, Ctrl) Follow U (Limitation Domain or
2 8 P, p
First Author Year n Intervention (Age R?nge If (% Male) Comparator on RX 3 (Weeks) ADHD Scales Other Reason If
Provided)
Downgraded)
- Barkley Parent . 8 > % (o Working memory o o6 SNAP-IV (P) 3 (allocation
Maleki * [107] 2014 36 Training program Children (6-12) 7@ training 100%, 100% CLCL (P) concealment, blinding)
. . CSI (T;P), COSS (T;P), .
Pfiffner [108] 2014  90-122 12 weeks Parent Children (7-11) 8.6 (58%) TAU 15%, 14% 12 weeks CGLI(TP), 2 (allocation
focused training inattentive type only CGIS (T) concealment, blinding)
Shafiee- New Forest
Kandjani 2017 25-32 Parenting Program Children (6-12 7.1 (100%) TAU 7 4 CPRS (P) 4
8 x 60-90 min years)
[109] Lo ;
individual sessions)
New Forest
Parenting Program
Sonuga-Barke (12 individual Preschooler (2'y o o Mo SNAP-IV (PT)
[110] 2018 173-175 sessions) and 9 mo—4 years 6 mo) 3.55 (68%) TAU 0%,0% 26 DOA (C) 4
Incredible years
(12 group sessions)
Triple P program (8 .
2 (allocation concealment,
Yusuf[111] 2019 48 weeks, 5 x 120 m Children (7-12)  10.25 (79%) Waitlist 100%, 100% None DuP(aC‘;l égIP_ISD('CR)S'W blinding, passive

session + 3 x 15-30 m
phone session)

control group)
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Table 1. Cont.

Population GRADE Rating
. . Mean Age % (Exp, Ctrl) Follow U (Limitation Domain or
2 g P, p
First Author Year n Intervention (Age R.ange If (% Male) Comparator on RX 3 (Weeks) ADHD Scales Other Reason If
Provided)
Downgraded)
School Based and Executive
. . CPRS-3 (P) Lo .
Corkum[112] 2019 58 6 weeks Online Children 8.2 (88%) Waitlist 85%, 76% 6 CPRS-3 (T) 3 (Blinding, passive control
teacher training (grade 1 to 6) group)
IRS (PT)
Challenge Horizon
. Program (1 year Adolescents (Grade o . o o COSS (P) o
Schultz [113] 2017  88-216 after school training, 6t08) 12.15 (72%) Community Care 49%, 47% 28 DBRS (P) 3 (blinding)

2 x 75 min/week)

! Studies excluded from quantitative review are marked with an asterisk (*). Scales were used only for diagnostic purposes, as well as secondary outcomes are their related instruments,
are not presented here, but are reported in the supplementary material (Table S1). 2 Ranges of valid observation which meta-analyses were based. May differ from total sample
reported in appendix tables because of: (1) participants were excluded after randomization and there were no ITT analyses; (2) observations were missing; or (3) the study had
multiple groups which were not all included in the meta-analyses. 3 Percentage of the sample (in experimental group, control group) that was on ADHD medication at baseline.
* The CGI scores were not reported, only the % of sample that improved, so GCI scores are not included in meta-analyses. > Note that only the iCBT with group session was
included in the analysis, and not the “self-help version”. ® More specifically, Ritalin (no participants on other medication were included). Detailed Data of Cognitive Behavioral
Therapy Studies are available on Table 52 [92-94,96-98,114,115], Data of Physical and Mind Body Studies on Table S3 [99,100,116,117]. Caregiver Interventions Studies are available on
Table S4 [101,103,105-107,109-111,118-120] and Detailed Information of School Based and Executive Studies are available on Table S5 [108,112,121,122].
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3.2. Individual Study Bias

Evaluation of certainty in relation to individual study bias is reported in Table 1.
Overall, studies presented severe methodological or reporting limitations. Only eight
studies properly conducted and reported the randomization and randomization conceal-
ment procedures. Half of the studies used an active control group, only two studies used
double blind procedures and 11 studies had no blinding procedure at all or did not report it.
Twelve studies did not conduct intent-to-treat analysis, in presence of attrition. However,
there was no evidence of selective reporting.

3.3. Three-Level Meta-Analyses Results

Forest plots (Figure 2, Figure 3 and Figure 6) summarize the results of different
meta-analyses that were conducted. Note that each row represents the results of a three-
level meta-analysis, not the results of a single study; that the n statistic refers to the total
number of effect size included, not the population; and that K refers to the number of
independent studies included in each analysis. Standardized effect size g, with its 95% CI,
are reported with its corresponding p-value. The p-value for the Q-test of heterogeneity is
reported (significant value indicates presence of heterogeneity), as well as the 12 statistics
for each level (level 1 = sampling error, level 2 = within-study variance, level 3 = between-
study variance). Additionally, the three-levels models were compared with classical two-
level models. Akaike information criterion and Bayesian information Criterion BIC [123],
reported in the supplementary material, almost systematically favored of the three levels
model as opposed to the two-level models. Only the p-values for the log-likelihood-ratio
test comparing the fit of the models are presented in the forest plots. A significant p-value
indicates a better fit for the three-level model [86].

Analyse n k Effect 95% ClI Effect with 95% CI p-value Q-test p-value Fit p-value

All data 147 19 065 [0.45;0.85] — <0.001 <0.001 <0.001
By population

Adult population 52 7 0.74 [0.49;0.99] — <0.001 0.933 0.090

Teenager population 16 2 093 [0.24;162] 0.019 0.050 0.066

Children population 41 8 084 [049;1.19] — <0.001 <0.001 <0.001

Preschooler population 42 4 0.04 [-0.06;0.14] 0.396 0.333 <0.001
By assessor

Clinician rated 37 7 048 [0.09;0.88] - p— 0.021 0.002 0.002

Parent rated 53 12 0.53 [0.26;0.80] — <0.001 <0.001 <0.001

Self-Rated 35 7 083 [0.52;1.14] — <0.001 0.608 0.038

Teacher rated 23 5 0.07 [0.050.19] T+ 0.236 0.999 0.999
By ouctomes

Inattention symptoms 43 16 064 [0.39;0.89] — <0.001 <0.001 <0.001

Hyperactivity/impulsivity symptoms 34 13 061 [0.34;0.88] — <0.001 0.074 0.012

Global measure of ADHD 60 17 060 [0.31;0.89] — <0.001 <0.001 <0.001

Organisation 10 3 078 [0.21;1.39] ] I : 0.079 0.001 0.013

0 05 1 1.5
Favour control Favour experimental

Figure 2. Results of three-level meta-analyses, for all interventions combined. n = number of total
observations; k = number of studies; Effect = standardized effect size g; 95% CI = 95 confidence inter-
val; p-value = traditional p-value of the effect; Q-test p value = p-value of the Q test for heterogeneity
(generally, p < 0.1 indicates the presence of heterogeneity); Fit p-value = results of the likelihood the
Restricted Maximum Likelihood-Ratio test comparing the three-level model to a two-level model
(p < 0.05 indicates a better fit for the three-level model). The models were estimated using REML
method.
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Analyse n k Effect 95%ClI Effect with 95% CI p-value Q-test p-value Fit p-value
AllCBT observations 52 7 0.74 [0.49;1.00] — <0.001 <0.001 0.091
Global 24 7 069 [0.38;1.00] — <0.001 0.956 0.44
Inattention 13 6 0.76 [0.41;1.11] — = <0.001 0.830 0.809
Hyperactivity/impulsivity NNA 7  0.79 [0.40; 1.18] —— 0.001 0.925 N/A
Clinician Rated 18 4 051 [0.18;0.84] —a— 0.007 0.994 0.68
Self-Rated 35 7 083 [0.52;1.14] — <0.001 0.608 0.038

' T T |
0 05 1 15
Favour control Favour experimental

Figure 3. Three level-analyses for Cognitive behavioral therapy. Note that the three-level model for
the Hyperactivity /impulsivity did not converge, so a traditional two-level model (with one average
of multiple observation per study) was used instead.

Note, however, that this log-likelihood-ratio test is helpful in determining the confi-
dence in the result, but that a non-significant result should not be taken as an indication
that the two-level models should be preferred. Multiples measurements within a single
study must always be considered as nested in the study level [124]. Not doing so would
artificially inflate the effect size [84]. Thus, results from the two-level models are never
reported, unless the three-level had no convergent solution. Furthermore, note that in
absence of overall heterogeneity (i.e., non-significant Q-test), it is expected that the model
will not provide good fit.

3.3.1. Overall Three-Level Meta-Analyses Results

The first set of analyses (Figure 2) shows that psychosocial interventions have a moder-
ate positive effect on core ADHD symptoms. The pooled effect size was 0.65 (CI = 0.45; 0.85,
p < 0.001). Log-Likelihood-Ratio test for model fit is generally significant except when
there is no evidence for heterogeneity, supporting the relevance of the three-level model. A
moderate to large effect is statistically significant for all populations except for preschoolers,
for all types of assessors except for teachers’ ratings, and for all outcomes. Between-study
heterogeneity (Level 3 I; Figure 4) is low to acceptable, except for the preschooler popula-
tion and for outcomes assessed by teachers, where all the observed variance subsumed by
sampling error (i.e., Error I?).
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All Cargiver observations
Children population
Preschooler population
Global

Inatention
Hyperactivity/impulsivity
Clinician rated

Parent rated

Teacher rated

0.00% 25.00%  50.00%  75.00% 100.00%

MErrorl2 MLevel212 mlevel3 12

Figure 4. Heterogeneity distribution for three Level meta-analyses, all interventions combined. Error
12 refers to the amount of total variation explained sampling error, whereas level 2 12 and level 3 12
refers to the amount of total variation explained by within-study and between-study variance. Note
that Cargiver equals Caregiver and inatention equals inattention.

3.3.2. Three-Level Meta-Analyses Results for Cognitive Behavioral Therapy

For the subgroup analyses of the Behavioral Cognitive Therapy, the three-level struc-
ture does not appear to explain results better than a classical two-level model would, as
demonstrated by the fact that fit test (log likelihood ratio) is generally non-significant. This
is likely attributable to the low level of heterogeneity, as demonstrated by Q-test and the
minimal between-study (level 3) heterogeneity (Figure 5).

All CBT observations
Global

Innatention
Hyperactivity/impulsivity
Clinician Rated
Self-Rated

0.00% 25.00% 50.00% 75.00% 100.00%

MmError|2 Mlevel212 mlevel3 12

Figure 5. Heterogeneity distribution for three-level meta-analyses, Cognitive Behavioral Therapy.

Thus, the results of all studies converge toward a moderate-high effect on global
measures of ADHD symptoms, inattention, as well as hyperactivity /impulsivity symptoms,
for self-rating as well as for clinician ratings. Note, however, that the only population
studied was adult, as no studies assessed the effect of CBT on children, preschoolers
or adolescents.
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Analyse

All Cargiver observations 72

Children population
Preschooler population
Global

Inattention
Hyperactivity/impulsivity
Clinician rated

Parent rated

Teacher rated

3.3.3. Three-Level Meta-Analyses Results for Caregiver Intervention

For Caregiver interventions subgroup analyses, the three-level structure generally
provides better fit than the two-level structure, as indicated by the “Fit p-value” statistics
(Figure 6), but it is not the case for the studies with preschoolers, hyperactivity /impulsivity
outcomes and observations based on teacher ratings. As can be seen in Figure 7, this could
be explained by the very little amount of between-study (level 3) and within-study (level 2)
heterogeneity. For these analyses, the three-level model does not offer any advantage over
traditional two-level model.

n k Effect 95% ClI Effect with 95% ClI p-value Q-test p-value Fit p-value

10 064 [0.29;0.99] —a— <0.001 <0.001 <0.001
33 7 091 [0.54;1.28] — <0.001 <0.001 <0.001
42 4 0.04 [-0.06;0.14] o 0.396 0.333 <0.001
19 7 0.86 [0.29;1.43] <0.001 <0.001 <0.001
11 6 0.87 [0.44;1.30] —a— 0.003 0.005 0.029
7 5 098 [067;1.29] — 0.001 0923 0.999
19 3 0.05 [-0.81;0.91] 0.315 <0.001 0.009
37 10 059 [0.26;0.92] — = <0.001 <0.001 <0.001
22 5 007 [-0.05; 0.19]l T : | | 0.264 0.999 0.999

05 0 05 1 15
Favour control Favour experimental

Figure 6. Three level-analyses for Caregiver Interventions.

All Cargiver observations
Children population
Preschooler population
Global

Inatention
Hyperactivity/impulsivity
Clinician rated

Parent rated

Teacher rated

0.00% 25.00% 50.00% 75.00% 100.00%

MError|2 Mlevel 212 level3 12

Figure 7. Heterogeneity distribution for three-level meta-analyses, Caregiver Interventions. Car-

giver = Caregiver, inatention = inattention.

Overall, caregiver interventions demonstrate a moderate effect, The pooled effect
size was 0.64 (CI = 0.29; 0.99, p < 0.001), although the between-study heterogeneity is
substantial. The intervention effect appears homogenous across all ADHD symptoms
outcomes, but not across populations. School age children seem to reap great benefits (large
effect) from the intervention, whereas the effect for preschoolers is negligible and non-
significant. Interestingly, there appear to be no heterogeneity for the preschooler analysis,
meaning that all four pooled studies report a similar lack of effect. On the contrary, the
children analysis demonstrates significant heterogeneity, which appears mainly explained
by within-study variation (level 2 I?, Figure 7).
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The source of this variability is likely the type of assessor: the 37 observations from
10 studies using parent ratings demonstrate a moderate and significant effect, whereas the
19 observations from 3 studies using clinician and the 22 observations from 5 studies using
teacher ratings yield a very small and non-significant effect.

3.3.4. Three-Level Meta-Analyses Results for School Based and Executive Intervention

Only two RCTs investigated the effect of School based or executive training interven-
tion. Unsurprisingly, given the very low number of studies, the three-level model did
not provide a good fit (p = 0.849), and it was not possible to conduct sub-analyses with
different populations. Because the outcome studied was different in both studies, it was
also not possible to conduct outcome specific analyses. The pooled effect size was 0.53
(CI'=0.32;0.74, p = 0.001), with no evidence of heterogeneity (p = 0.51), with 95.54% of the
variance explained by sampling error and the rest by within-study variability.

3.4. Attrition and Adverse Effects

Very few measures of adherence and acceptance were reported, and no study reported
measures of adverse or iatrogenic effects. Thus, we compared the number of participants
in baseline vs. post treatment across groups as a proxy for adherence measure. We
converted effects from a 2 X 2 contingency table into a single hedge’s g for each study. A
classical two-level random effect meta-analysis revealed that attrition level was similar in
control and intervention groups, yielding a combined non-significant effect size of 0.10
(95% IC: —0.39 to 0.17; p = 0.44), with little heterogeneity (Q = 0.014), I? = 44.80%. Thus,
attrition level of intervention groups was similar to that of controls groups across all
intervention types.

3.5. Meta-Regression

Meta-regressions were conducted with risk of bias (GRADE rating), intervention
duration, follow up or immediate post intervention measure, % of medicated sample, %
of male and age as moderators. However, the meta-regression model was not significant
(p = 0.475), with none of predictors reaching significance (p-values higher than 0.20).

3.6. Publication Bias

There was evidence of publications bias. Meta-regression with precision (standard
error) as single predictor reached significance (F(1170 = 214.03, p = 0.012). The coefficient
was positive (B = 1.18, p = 0.01), indicating that the larger the standard error was, the larger
the effect. Likewise, Log Rank test showed a moderate association between error and effect
sizes (Kendall’s tau = 0.32, p < 0.0001).

Two additional meta-regression with precision as a single predictor were also con-
ducted on CBT studies and Caregiver intervention studies, to separately assess the publica-
tion bias (other intervention domains were not powered enough to enable the analysis).
There was no evidence of publication bias in CBT studies F(1,52) = 0.07 (p = 0.786), but there
was for caregiver, as precision was a positive predictor of the effect size F(1,70) = 15.52,
p =0.001.

3.7. Four-Levels Meta-Analysis

The results of the four-level meta-analysis, which include data from previous meta-
analytic work, are presented in Table 2. Only three separate analyses could be conducted: an
overall analysis, parent rating and teacher rating. Effect sizes are similar to those obtained
in the present review and teacher/educator’s ratings also are not significant. Note that the
overlap between studies included in all the meta-analyses and the present meta-analytic
work were very low (14%). In Table 3, Error 12 refers to the amount of total variation
explained sampling error, whereas level 2 12 and level 3 12 refers to the amount of total
variation explained by within-study and between-study variance, while level 4 12 refers to
the variance between the included meta-analyses.
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Table 2. Meta-analyses of previous data synthesized in published meta-analysis, showing a similar

overall effect size and the same parent/teacher.

Number of Design of Average Evidence of
First Author Year . Total n Included Type of Intervention Population Study Publication
Studies . s .
Studies Quality Bias
Bikic [121] 2017 12 1054 RCT Executive training Children and Low (high Not reported
adolescents risk of bias)
Cerrillo-Urbina 2015 8 249 RCT Physical exercise Children and Low No
[116] adolescents
Whitin-
Gaastra[125] 2016 24 Not re- study School based Children Moderate to Yes
ported desi intervention high
esign
Behavioral training,
Hodgson [126]* 2014 4 206 Unclear SChQOI bas'ec!, Preschoolers to Not reported Not reported
executive training, adolescents
parent training
Mulqueen [118] 2015 8 399 RCT Parent training Preschoolers Not reported No
Rimestad [127] 2011 16 1003 RCT Parent training Preschoolers Moderate No
Zang * [117] 2019 14 574 RCT, Physical exercise Children and Moderate Yes
case-control adolescents

* The study was only considered in the qualitative analysis. ! According the authors of the included meta-analysis.

Table 3. Meta-analyses of previous data synthesized in published meta-analysis, showing a similar

overall effect size and the same parent/teacher rating disparities.

All Parent Teacher
Observations 69 42 27
Studies 49 35 24
Meta-analyses 5 5 3
Effect Size 0.604 0.524 0.610
Standard Error 0.148 0.066 0.38
p-value 0.001 0.001 0.12
Qp-value 0 0.001 0.00
Fitvslvl3 0.002 0.0327 0.01
Fitlvl4 0.0001 0.0001 0.00
Error I? 10.03% 39.90% 3.57%
Level 2 2 12.71% 0.00% 0.00%
Level 3 I2 63.51% 61.10% 55.56%
Level 4 2 13.75% 0.00% 40.86%

3.8. Certainty of Assessment and Recommendation

GRADE-style Tables, with recommendations, are presented for all results (Table 4) as
well as for each intervention (Tables 5-8). The recommendations follow GRADE suggestion:
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toms and for all population.

Table 4. Psychosocial intervention compared to control (active and wait-list) for core ADHD symp-

Number

Total n

of Studies

Quality of Evidence
(GRADE)

Pooled Effect
Size
(95% CI)

Recommendation

Overall

201

1673

SIIOIS)

WEAK

(unreported or inadequate allocation
concealment, inadequate blinding,
lack of ITT analyses evidence of
publication bias)

0.66 (0.50; 0.82)

Probably do it

Cognitive
behavioral therapy

417

SODO

MODERATE

(unreported or inadequate allocation
concealment, inadequate blinding)

0.74 (0.50; 0.98)

Do it

Mind-body
intervention and
physical exercise

12

56

BOOO
Very Weak
(Insufficient data)

N/A

No recommendation

Caregiver
intervention

103

962

SCICIC)

Very Weak

(unreported or inadequate allocation
concealment, inadequate blinding,
lack of ITT analyses in presence of
attrition, variability in effect by
population and by outcome assessor,
publication bias)

0.64 (0.37-0.91)

Probably do it

School-based
intervention

2[118]4

274

DOOO

Very Weak

(Insufficient data, allocation
concealment, inadequate blinding,
lack of ITT analyses)

0.52 (0.30; 0.74)

Probably do it

Adults (note: only
based on CBT)

8[121]

56

SISO

MODERATE

(unreported or inadequate allocation
concealment, inadequate blinding)

0.74 (0.50; 0.98)

Do it

Adolescents

305

GOOO
Very Weak
(Insufficient data)

Not enough
study for
analyses

No recommendation

Children

15 [125]

998

OO0

WEAK

(unreported or inadequate allocation
concealment, inadequate blinding,
lack of ITT analyses in presence of
attrition, high

between-study heterogeneity)

0.73 (0.49; 0.97)

Probably do it

Preschoolers

5[119]

455

DDOO

WEAK

(unreported or inadequate allocation
concealment, inadequate blinding,
lack of ITT analyses in presence

of attrition)

0.32 (—0.01; 0.63)

Probably don’t do it

@: positive; O: negative. | Additionally, three RCTs and four meta-analyses were included and the qualitative
assessment. 2 Additionally, one RCTs and two meta-analyses were included and the qualitative assessment.
3 Additionally, two RCTs and two meta-analyses were included and the qualitative assessment. * Additionally,
three meta-analyses were included and the qualitative assessment.
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Table 5. Cognitive Behavioral Therapy compared to control (active and wait-list) for ADHD individ-
ual for each population. ? means unable to assess quality of evidence.

Quality of Evidence Pooled Effect Size

Studies Total n (GRADE) ©95% CI) Recommendation
SbDO
Adults 8 417 MODERATE . . 0.74 (0.50; 0.98) Do It
(unreported or inadequate allocation
concealment, inadequate blinding)
?
Adolescents 0 . N/A No recommendation
No data
. ? .
Children 0 No data N/A No recommendation
?
Preschoolers 0 X N/A No recommendation
No data
@: positive; O: negative.
Table 6. Physical and mind-body intervention compared to control (active and wait-list) for ADHD
individual for each population. ? means unable to assess quality of evidence.
Studies Totaln  Quality of Evidence (GRADE) (Ijg(gg}egll)affed Size Recommendation
?
Adults 0 0 X N/A No recommendation
No data
?
Adolescents 0 0 . No recommendation
No data
SICISIS)
. . Very Weak .
Children 1(+1 quali) 56 (Insufficient data, allocation No recommendation
concealment, blinding)
?
Preschoolers 0 0 . No recommendation
No data
@: positive; O: negative.
Table 7. Caregiver intervention compared to control (active and wait-list) for ADHD individual for
each population. ? means unable to assess quality of evidence.
Nb of . . Pooled Effect Size .
Studies Totaln  Quality of Evidence (GRADE) 95% CI) Recommendation
BOOO
Adolescents 1 89 Very Weak N/A No recommendation
(Insufficient data)
SO
Very Weak
(unreported or inadequate allocation
Children 7 907 concealment, inadequate blinding, lack of ~ 0.91 (0.54-1.28) Probably do it
ITT analyses in presence of attrition,
variability in effect by outcome assessor,
publication bias)
SEICIS)
WEAK
Preschoolers 4 455 (unreported or inadequate allocation 0.04 (0.06; 0.14) Probably don’t do it

concealment, inadequate blinding, lack of
ITT analyses in presence of attrition)

@: positive; O: negative.
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Table 8. School based and executive intervention compared to control (active and wait-list) for ADHD
individual for each population. ? means unable to assess quality of evidence.

Pooled Effect Size

k@G Total n Quality of Evidence (GRADE) ©95% CI) Recommendation

? .

Adults 0 0 No data No recommendation
DOOO

Adolescents 1 216 Very Weak N/A No recommendation
(Insufficient data)
DOOO

Children 1 58 Very Weak N/A No recommendation
(Insufficient data)
?

Preschoolers 0 0 No recommendation

No data

@: positive; O: negative.

“Doit” or “don’t do it"—indicating a judgment that most well-informed people would
make;

“Probably do it” or “probably don’t do it"—indicating a judgment that a majority of
well-informed people would make but a substantial minority would not ([90] p. 1493).

Note that in our evaluation of the trade-off of the intervention, only the time required
was considered, because no adverse effects were reported and analyses showed similar
attribution for both experimental and control group (see Section 3.4), suggesting little harm
associated with psychosocial intervention. Nevertheless, the potential delay in accessing
pharmacological treatment is an often-neglected potential harmful effect.

4. Discussion

This study took advantage of recent advances in meta-analytic statistics to summarize
and quantify results from 147 effect sizes, pooled from 19 RCTs. The three-level meta-
analyses showed that psychosocial interventions had a moderate effect on core ADHD
symptoms. Importantly, the three level models generally show better fit than the two-
level models, except when overall heterogeneity was very low. This is to be expected,
because with low heterogeneity there is no additional variance that a three-level model
can explain [86].

Furthermore, our results were consistent with past meta-analytic work. However, in
comparison of previous meta-analyses and systematic reviews, the present results allowed
for a more granular comprehension of the effect of psychosocial intervention, as well as
in-depth assessment of the quality of evidence with a qualitative analysis, where three
additional RCTs and four additional meta-analyses complemented the quantitative analyses.
Thus, several recommendations emerge from the present review.

4.1. Psychosocial Intervention for ADHD: Which One and for Whom?

Opverall, it appears that psychosocial interventions are promising and efficacious treat-
ments for improving core symptoms of ADHD. However, existing interventions may not
benefit all populations, or existing data may be insufficient to confidently support the bene-
fits of a given intervention for a specific group or a given outcome. Therefore, our recom-
mendations are intervention and population specific, as recommended by GRADE [76,90].

1.  We recommend Cognitive Behavioral Therapy for reducing global, inattention and
hyperactivity /impulsivity symptoms of ADHD for adults. Our confidence in the
efficacity of this intervention is moderate;

2. We recommend caregiver interventions for reducing inattention and hyperactiv-
ity /impulsivity symptoms of ADHD of school age children. Our confidence in the
efficacity of this intervention is low;



Brain Sci. 2022, 12,1023

22 of 29

3. We recommend caregiver interventions for reducing inattention and hyperactiv-
ity /impulsivity symptoms of ADHD of school age children. Our confidence in the
efficacity of this intervention is very low;

4. We recommend School based or Executive interventions for reducing inattention
and hyperactivity /impulsivity symptoms of ADHD of school age children. Our
confidence in the efficacity of this intervention is very low;

5. We do not recommend caregiver interventions for reducing inattention and hyperac-
tivity /impulsivity symptoms of ADHD of preschoolers. Our confidence in the lack of
efficacity of this intervention is low;

6. No recommendation can be formulated for other interventions, populations, and
outcomes (e.g., disorganization symptoms)

We did not provide individualized recommendations for separate outcomes, because
the effect of all interventions appeared homogenous across different core ADHD symptoms
(note, however, that few studies reported outcomes related to deficits in organization).
Inversely, the type of assessor completing the ADHD ratings was an important source
of variability. For non-adult populations, multiple analyses confirmed that teacher and
educator ratings were much lower than that of parents, clinicians or self-rated assessment.
This result was coherent with previous meta-analytic work (Table 4). Therefore, there can
be high confidence that the assessments of teachers are generally lower than other assessors,
especially parents, following a psychosocial intervention for ADHD.

It is well-established that parents and teacher reports of ADHD are poorly corre-
lated [128,129]. However, parents’ ratings are generally more severe than that of teach-
ers [130,131]. Furthermore, the present meta-analysis only included controlled clinical
trials, such that any systematic assessment biases (whether positive or negative) should be
accounted for by the control group. Yet, the present results demonstrate that parents report
more symptoms improvement than the teachers.

While surprising, such results do reproduce the same measurement disparity that
is observed in pharmacological trials of ADHD. Clinical studies assessing the effect of
stimulants have also shown that the improvement ratings of teachers were lower than those
of parents, clinicians or children’s self-assessment [43]. The rating instability could be influ-
enced by baseline difference in ADHD assessment (i.e., if teachers are more conservative in
their initial assessment, there is less room for improvement), but it appears that there is
a true discrepancy in ratings the evolution across time of ADHD symptoms following a
pharmacological treatment [132].

Several hypotheses have been proposed to explain this difference in ratings, such as
measurement error in the scales, context-dependent rating of the behaviour, assessor bias,
influence of demographic variables on the assessor’s perception of the behaviour [133-136].
While the present meta-analytic work was not designed to address the causes of this
inconsistency in measurement between parent and teacher, it is worth nothing that clinician
ratings (for Caregiver interventions, an intervention that mainly targets school age children)
are also low and not statistically significant. This finding supports the hypothesis that
teachers may be less biased than parents [134] and is one of the main reasons why we
downgraded the confidence in the strength of evidence for Caregiver intervention.

No other demographic variable was considered in our recommendation, as the meta-
regression revealed that none of or hypothesized predictors of the effect size were significant.
Importantly, GRADE assessment [81] of individual study quality (risk of bias) was not a
significant predictor of the effect size. This means that the numerous biases identified in the
included studies might not have that much of an impact on the results [85]. However, such
biases were so frequent that an alternative explanation may be that high-quality studies
were too few to influence the moderation.

4.2. Limitations of the Present Review

While this systematic review had simultaneously a large scope and a granular ap-
proach that provided multiples detailed summaries combined with in-depth strength of
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evidence assessment, it remains an incomplete picture of the effects of psychosocial in-
tervention on ADHD. A first limitation to consider is that no secondary outcomes were
included in the analyses. While core ADHD symptoms are an important source of impair-
ment for individuals with ADHD, many other factors can influence treatment outcomes.
Ultimately, clinicians, parents, educators and individuals with ADHD might be as inter-
ested in improving quality of life, quality of relationships, academic performance and
emotional regulation as they are in reducing core symptoms. In addition, this population
was limited to individuals with low levels of comorbidities in an attempt to delineate the
effect of interventions on core symptoms. However, most individuals with ADHD do
present comorbidities [80] and the effect of such interventions on comorbidities will need
to be the focus of future reviews.

4.3. Future Research

While the present systematic review and meta-analysis constitute an important step in
comprehension of the non-pharmacological treatments of ADHD, one of the main findings
is that the methodological quality of RCTs studying psychosocial interventions for ADHD
is generally poor. We urge researchers to:

1.  Implement robust randomization procedures, including proper concealment of the
allocation sequence [137];

2. Assure that all assessment personnel and participants are blinded. While a double
blind paradigm may be difficult to implement in the context of psychosocial inter-
vention, it is possible to design active control group that mimics some aspect of the
intervention group, thus creating a credible alternative to the active intervention. This
design is referred to as “dual blind” and has been used in other psychosocial research,
such as mindfulness-based intervention [138];

3.  Preregister the study protocol, so that reporting bias may be correctly assessed [139].

While time and resource consuming, applying these recommendations will ensure that
more meaningful conclusions can be gleaned from the available data, ultimately benefitting
researchers, clinicians, caregivers and ADHD individuals themselves.

5. Conclusions

This systematic review and meta-analysis demonstrated that recent (>2010) psychoso-
cial interventions had a moderate effect on core ADHD symptoms, although this effect was
not homogenous across all types of intervention nor across all populations. Making use of
advances in meta-analytic statistics, three-level models were fitted to the data, enabling
the combination of 147 dependent effect sizes across 19 studies. Additionally, four-level
models were also fitted on five previous meta-analyses and showed that present results
were consistent with older data using less stringent inclusion criteria. However, there was
a lack of studies for some interventions (school based and executive interventions, mind—
body and physical interventions) and some population (preschoolers and adolescents),
precluding formation of recommendations. Furthermore, because of the high risk of bias in
included studies and evidence of publication bias, only a weak recommendation can be
made for most of the interventions. Clearly, rigorous, well-designed and controlled studies
are needed.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/brainsci12081023/s1, Table S1: Inclusion and Exclusion Criteria Based on PICO. Table S2
Detailed Data of Cognitive Behavioral Therapy Studies; Table S3 Detailed Data of Physical and
Mind Body Studies; Table S4 Detailed Data of Caregiver Interventions Studies; Table S5 Detailed
Information of School Based and Executive Studies.

Author Contributions: V.T., G.A., ].S., M.G. and ].E. developed the principles of the search strategy.
S.E. and G.G. independently selected the articles meeting inclusion criteria and populated the excel
tables. V.T., G.A,, AD. HC, ND,, G.D, JE, EG-M., M.G., ZM. and ].S. formed five groups
within which the members independently selected articles meeting inclusion criteria on close reading,


https://www.mdpi.com/article/10.3390/brainsci12081023/s1
https://www.mdpi.com/article/10.3390/brainsci12081023/s1

Brain Sci. 2022, 12,1023 24 of 29

drafted conclusions based on a qualitative analysis. G.L.-N. conducted the statistical analyses. G.L.-N.
and V.T. wrote and reviewed preliminary drafts. V.T.,, G.A., AD.,, HC, N.D,, G.D,, ].F, EG.-M.,
M.G., Z.M. and ].S. reviewed and edited the final drafts. ]J.S. was the corresponding author and
responded to the reviewers questions. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data can be supplied through contacting corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; DSM-5 Diagnostic Classification; American
Psychiatric Association, American Psychiatric Publishing Inc.: Washington, DC, USA, 2013; Volume 10.

World Health Organization. International Classification of Diseases; 11th Revision; World Health Organization: Geneva, Switzer-
land, 2018.

Willcutt, E.G.; Nigg, ].T.; Pennington, B.E,; Solanto, M.V.; Rohde, L.A.; Tannock, R.; Loo, S.K.; Carlson, C.L.; McBurnett, K.; Lahey,
B.B. Validity of DSM-IV Attention Deficit/Hyperactivity Disorder Symptom Dimensions and Subtypes. J. Abnorm. Psychol. 2012,
121,991-1010. [CrossRef]

Lee, Y.-C; Yang, H.-].; Chen, V.C.-H,; Lee, W.-T.; Teng, M.-].; Lin, C.-H.; Gossop, M. Meta-analysis of Quality of Life in Children
and Adolescents with ADHD: By Both Parent Proxy-report and Child Self-report Using PedsQL™. Res. Dev. Disabil. 2016, 51,
160-172. [CrossRef] [PubMed]

Lansford, J.; Dodge, K.; Pettit, G.; Bates, ]. A Public Health Perspective on School Dropout and Adult Outcomes: A Prospective
Study of Risk and Protective Factors From Age 5 to 27 Years. ]. Adolesc. Health 2016, 58, 652—658. [CrossRef]

Breslau, J.; Miller, E.; Chung, W.-].].; Schweitzer, ].B. Childhood and Adolescent Onset Psychiatric Disorders, Substance Sse, and
Failure to Graduate High School on Time. J. Psychiatr. Res. 2011, 45, 295-301. [CrossRef] [PubMed]

Fleming, M.; Fitton, C.A ; Steiner, M.F,; McLay, ].S.; Clark, D.; King, A.; Lindsay, R.; Mackay, D.F,; Pell, ].P. Educational and Health
Outcomes of Children Treated for Attention-Deficit/Hyperactivity Disorder. JAMA Pediatr. 2017, 171, e170691. [CrossRef]
Beheshti, A.; Chavanon, M.-L.; Christiansen, H. Emotion Dysregulation in Adults with Attention Deficit Hyperactivity Disorder:
A Meta-analysis. BMC Psychiatry 2020, 20, 120. [CrossRef] [PubMed]

Strine, TW.; Lesesne, C.A.; Okoro, C.A.; McGuire, L.C.; Chapman, D.P; Balluz, L.S.; Mokdad, A.H. Peer Reviewed: Emo-
tional and Behavioral Difficulties and Impairments in Everyday Functioning Among Children with a History of Attention-
Deficit/Hyperactivity Disorder. Prev. Chronic Dis. 2006, 3, A52.

Ros, R.; Graziano, P.A. Social Functioning in Children with or at Risk for Attention Deficit/Hyperactivity Disorder: A Meta-
analytic Review. J. Clin. Child Adolesc. Psychol. 2018, 47, 213-235. [CrossRef] [PubMed]

Turcotte Benedict, E,; Vivier, PM.; Gjelsvik, A. Mental Health and Bullying in the United States among Children Aged 6 to 17
Years. J. Interpers. Violence 2015, 30, 782-795. [CrossRef]

Mohr-Jensen, C.; Bisgaard, C.M.; Boldsen, S.K.; Steinhausen, H.-C. Attention-Deficit/Hyperactivity Disorder in Childhood and
Adolescence and the Risk of Crime in Young Adulthood in a Danish Nationwide Study. |. Am. Acad. Child Adolesc. Psychiatry
2019, 58, 443-452. [CrossRef]

Liang, S.H.-Y,; Yang, Y.-H.; Kuo, T.-Y,; Liao, Y.-T,; Lin, T.-C.; Lee, Y.; McIntyre, R.S.; Kelsen, B.A.; Wang, T.-N.; Chen, V.C.-H. Suicide
Risk Reduction In Youths with Attention-Deficit/Hyperactivity Disorder Prescribed Methylphenidate: A Taiwan Nationwide
Population-Based Cohort Study. Res. Dev. Disabil. 2018, 72, 96-105. [CrossRef] [PubMed]

Faraone, S.V.; Banaschewski, T.; Coghill, D.; Zheng, Y.; Biederman, J.; Bellgrove, M.A.; Newcorn, ].H.; Gignac, M.; Al Saud, N.M.;
Manor, L.; et al. The World Federation of ADHD International Consensus Statement: 208 Evidence-Based Conclusions About the
Disorder. Neurosci. Biobehav. Rev. 2021, 128, 789-818. [CrossRef] [PubMed]

Spencer, T.J.; Biederman, J.; Mick, E. Attention-Deficit/Hyperactivity Disorder: Diagnosis, Lifespan, Comorbidities, and Neurobi-
ology. J. Pediatric Psychol. 2007, 32, 631-642. [CrossRef]

Fayyad, J.; Sampson, N.A.; Hwang, I.; Adamowski, T.; Aguilar-Gaxiola, S.; Al-Hamzawi, A.; Andrade, L.H.; Borges, G.; de
Girolamo, G.; Florescu, S.; et al. The Descriptive Epidemiology of DSM-IV Adult ADHD in the World Health Organization World
Mental Health Surveys. ADHD Atten. Deficit Hyperact. Disord. 2017, 9, 47-65. [CrossRef] [PubMed]

Faraone, S.V.; Biederman, J.; Mick, E. The Age-Dependent Decline of Attention Deficit Hyperactivity Disorder: A Meta-Analysis
of Follow-Up Studies. Psychol. Med. 2006, 36, 159-165. [CrossRef]

Voort, ].L.V;; He, J.-P,; Jameson, N.D.; Merikangas, K.R. Impact of the DSM-5 Attention-Deficit/Hyperactivity Disorder Age-
of-Onset Criterion in the US Adolescent Population. . Am. Acad. Child Adolesc. Psychiatry 2014, 53, 736-744. [CrossRef]
[PubMed]


http://doi.org/10.1037/a0027347
http://doi.org/10.1016/j.ridd.2015.11.009
http://www.ncbi.nlm.nih.gov/pubmed/26829402
http://doi.org/10.1016/j.jadohealth.2016.01.014
http://doi.org/10.1016/j.jpsychires.2010.06.014
http://www.ncbi.nlm.nih.gov/pubmed/20638079
http://doi.org/10.1001/jamapediatrics.2017.0691
http://doi.org/10.1186/s12888-020-2442-7
http://www.ncbi.nlm.nih.gov/pubmed/32164655
http://doi.org/10.1080/15374416.2016.1266644
http://www.ncbi.nlm.nih.gov/pubmed/28128989
http://doi.org/10.1177/0886260514536279
http://doi.org/10.1016/j.jaac.2018.11.016
http://doi.org/10.1016/j.ridd.2017.10.023
http://www.ncbi.nlm.nih.gov/pubmed/29121517
http://doi.org/10.1016/j.neubiorev.2021.01.022
http://www.ncbi.nlm.nih.gov/pubmed/33549739
http://doi.org/10.1093/jpepsy/jsm005
http://doi.org/10.1007/s12402-016-0208-3
http://www.ncbi.nlm.nih.gov/pubmed/27866355
http://doi.org/10.1017/S003329170500471X
http://doi.org/10.1016/j.jaac.2014.03.005
http://www.ncbi.nlm.nih.gov/pubmed/24954823

Brain Sci. 2022, 12,1023 25 of 29

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

Matte, B.; Anselmi, L.; Salum, G.A.; Kieling, C.; Gongalves, H.; Menezes, A.; Grevet, E.H.; Rohde, L.A. ADHD in DSM-5: A Field
Trial in a Large, Representative Sample of 18- to 19-Year-Old Adults. Psychol. Med. 2015, 45, 361-373. [CrossRef]

Borglum, A.; Neale, B.; Franke, B. Unfolding the genetic basis of adhd. Eur. Neuropsychopharmacol. 2019, 29, S722. [CrossRef]
Demontis, D.; Walters, R.K.; Martin, J.; Mattheisen, M.; Als, T.D.; Agerbo, E.; Baldursson, G.; Belliveau, R.; Bybjerg-Grauholm,
J.; Beekvad-Hansen, M.; et al. Discovery of the First Genome-Wide Significant Risk Loci for Attention Deficit/Hyperactivity
Disorder. Nat. Genet. 2019, 51, 63-75. [CrossRef]

Faraone, S.; Asherson, P; Banaschewski, T.; Biederman, J.; Buitelaar, J.; Ramos-Quiroga, ].A.; Rohde, L.A.; Sonuga-Barke, E.J.S.;
Tannock, R.; Franke, B. Attention Deficit/Hyperactivity Disorder. Nat. Rev. Dis. Primers 2015, 1, 15020. [CrossRef]

Faraone, S.V.; Larsson, H. Genetics of Attention Deficit Hyperactivity Disorder. Mol. Psychiatry 2019, 24, 562-575. [CrossRef]
[PubMed]

Faraone, S.V.; Mick, E. Molecular Genetics of Attention Deficit Hyperactivity Disorder. Psychiatr. Clin. N. Am. 2010, 33, 159-180.
[CrossRef]

Boedhoe, P.S.; Van Rooij, D.; Hoogman, M.; Twisk, ].W.; Schmaal, L.; Abe, Y.; Alonso, P.; van Rooij, D.; Ameis, S.H.; Anikin, A;
et al. Subcortical Brain Volume, Regional Cortical Thickness, and Cortical Surface Area Across Disorders: Findings from the
ENIGMA ADHD, ASD, and OCD Working Groups. Am. J. Psychiatry 2020, 177, 834-843. [CrossRef] [PubMed]

Chen, L; Hu, X.; Ouyang, L.; He, N.; Liao, Y.; Liu, Q.; Zhou, M.; Wu, M.; Huang, X.; Gong, Q. A Systematic Review and
Meta-Analysis of Tract-Based Spatial Statistics Studies Regarding Attention-Deficit/Hyperactivity Disorder. Neurosci. Biobehav.
Rev. 2016, 68, 838-847. [CrossRef] [PubMed]

Cortese, S.; Kelly, C.; Chabernaud, C.; Proal, E.; Di Martino, A.; Milham, M.P; Castellanos, F.X. Toward Systems Neuroscience of
ADHD: A Meta-Analysis of 55 fMRI Studies. Am. J. Psychiatry 2012, 169, 1038-1055. [CrossRef] [PubMed]

Curatolo, P.; D"Agati, E.; Moavero, R. The Neurobiological Basis of ADHD. Ital. ]. Pediatr. 2010, 36, 79. [CrossRef]

Hoogman, M.; Bralten, J.; Hibar, D.P.; Mennes, M.; Zwiers, M.P,; Schweren, L.S.; van Hulzen, K.J.E.; Medland, S.E.; Shumskaya,
E.; Jahanshad, N.; et al. Subcortical Brain Volume Differences in Participants with Attention Deficit Hyperactivity Disorder in
Children and Adults: A Cross-Sectional Mega-Analysis. Lancet Psychiatry 2017, 4, 310-319. [CrossRef]

Hoogman, M.; Muetzel, R.; Guimaraes, ].P.; Shumskaya, E.; Mennes, M.; Zwiers, M.P.; Jahanshad, N.; Sudre, G.; Wolfers, T.; Earl,
E.A. Brain Imaging of the Cortex in ADHD: A coordinated analysis of large-scale clinical and population-based samples. Am. J.
Psychiatry 2019, 176, 531-542. [CrossRef]

Lukito, S.; Norman, L.; Carlisi, C.; Radua, J.; Hart, H.; Simonoff, E.; Rubia, K. Comparative Meta-Analyses of Brain Structural and
Functional Abnormalities During Cognitive Control in Attention-Deficit/Hyperactivity Disorder and Autism Spectrum Disorder.
Psychol. Med. 2020, 50, 894-919. [CrossRef]

Norman, L.J.; Carlisi, C.; Lukito, S.; Hart, H.; Mataix-Cols, D.; Radua, J.; Rubia, K. Structural and Functional Brain Abnormalities In
Attention-Deficit/Hyperactivity Disorder and Obsessive-Compulsive Disorder: A Comparative Meta-Analysis. JAMA Psychiatry
2016, 73, 815-825. [CrossRef]

Rubia, K. Cognitive Neuroscience of Attention Deficit Hyperactivity Disorder (ADHD) and its Clinical Translation. Front. Hum.
Neurosci. 2018, 12, 100. [CrossRef] [PubMed]

Fenollar-Cortés, J.; Navarro-Soria, I.; Gonzalez-Gémez, C.; Garcia-Sevilla, J. Deteccién de Perfiles Cognitivos Mediante WISC-IV
en Nifos Diagnosticados de TDAH: ;Existen Diferencias Entre Subtipos? Rev. Psicodiddctica, 2015; 20, 157-176.

Patros, C.H.; Tarle, S.J.; Alderson, R.M.; Lea, S.E.; Arrington, E.F. Planning Deficits in Children with Attention-Deficit/Hyperactivity
Disorder (ADHD): A Meta-Analytic Review of Tower Task Performance. Neuropsychology 2019, 33, 425. [CrossRef] [PubMed]
Pievsky, M.A.; McGrath, R.E. The Neurocognitive Profile of Attention-Deficit/Hyperactivity Disorder: A Review of Meta-
Analyses. Arch. Clin. Neuropsychol. 2018, 33, 143-157. [CrossRef] [PubMed]

Schoechlin, C.; Engel, R.R. Neuropsychological Performance in Adult Attention-Deficit Hyperactivity Disorder: Meta-Analysis of
Empirical Data. Arch. Clin. Neuropsychol. 2005, 20, 727-744. [CrossRef] [PubMed]

Hyman, S.E. The Diagnosis of Mental Disorders: The Problem of Reification. Annu. Rev. Clin. Psychol. 2010, 6, 155-179. [CrossRef]
Te Meerman, S.; Batstra, L.; Grietens, H.; Frances, A. ADHD: A Critical Update for Educational Professionals. Int. ]. Qual. Stud.
Health Well-Being 2017, 12 (Suppl. 1), 1298267. [CrossRef]

Froehlich, T.E.; Anixt, J.S.; Loe, LM.; Chirdkiatgumchai, V.; Kuan, L.; Gilman, R.C. Update on Environmental Risk Factors for
Attention-Deficit/Hyperactivity Disorder. Curr. Psychiatry Rep. 2011, 13, 333-344. [CrossRef]

Harold, G.T.; Leve, L.D.; Barrett, D.; Elam, K.; Neiderhiser, ]. M.; Natsuaki, M.N.; Shaw, D.S.; Reiss, D.; Thapar, A. Biological and
Rearing Mother Influences on Child ADHD Symptoms: Revisiting The Developmental Interface Between Nature And Nurture. J.
Child Psychol. Psychiatry 2013, 54, 1038-1046. [CrossRef]

Castells, X.; Ramos-Quiroga, J.; Bosch, R.; Nogueira, M.; Casas, M. Amphetamines for Attention Deficit Hyperactivity Disorder
(ADHD) in Adults. Cochrane Database Syst. Rev. 2011, 6, CD007813. [CrossRef]

Cortese, S.; Adamo, N.; Del Giovane, C.; Mohr-Jensen, C.; Hayes, A.]J.; Carucci, S.; Atkinson, L.Z.; Tessari, L.; Banaschewski, T.;
Coghill, D.; et al. Comparative Efficacy and Tolerability of Medications for Attention-Deficit Hyperactivity Disorder in Children,
Adolescents, and Adults: A Systematic Review and Network Meta-Analysis. Lancet Psychiatry 2018, 5, 727-738. [CrossRef]
Maneeton, N.; Maneeton, B.; Woottiluk, P.; Suttajit, S.; Likhitsathian, S.; Charnsil, C.; Srisurapanont, M. Comparative Efficacy,
Acceptability, and Tolerability of Dexmethylphenidate Versus Placebo in Child and Adolescent ADHD: A Meta-Analysis of
Randomized Controlled Trials. Neuropsychiatr. Dis. Treat. 2015, 11, 2943. [CrossRef]


http://doi.org/10.1017/S0033291714001470
http://doi.org/10.1016/j.euroneuro.2017.06.038
http://doi.org/10.1038/s41588-018-0269-7
http://doi.org/10.1038/nrdp.2015.20
http://doi.org/10.1038/s41380-018-0070-0
http://www.ncbi.nlm.nih.gov/pubmed/29892054
http://doi.org/10.1016/j.psc.2009.12.004
http://doi.org/10.1176/appi.ajp.2020.19030331
http://www.ncbi.nlm.nih.gov/pubmed/32539527
http://doi.org/10.1016/j.neubiorev.2016.07.022
http://www.ncbi.nlm.nih.gov/pubmed/27450582
http://doi.org/10.1176/appi.ajp.2012.11101521
http://www.ncbi.nlm.nih.gov/pubmed/22983386
http://doi.org/10.1186/1824-7288-36-79
http://doi.org/10.1016/S2215-0366(17)30049-4
http://doi.org/10.1176/appi.ajp.2019.18091033
http://doi.org/10.1017/S0033291720000574
http://doi.org/10.1001/jamapsychiatry.2016.0700
http://doi.org/10.3389/fnhum.2018.00100
http://www.ncbi.nlm.nih.gov/pubmed/29651240
http://doi.org/10.1037/neu0000531
http://www.ncbi.nlm.nih.gov/pubmed/30688493
http://doi.org/10.1093/arclin/acx055
http://www.ncbi.nlm.nih.gov/pubmed/29106438
http://doi.org/10.1016/j.acn.2005.04.005
http://www.ncbi.nlm.nih.gov/pubmed/15953706
http://doi.org/10.1146/annurev.clinpsy.3.022806.091532
http://doi.org/10.1080/17482631.2017.1298267
http://doi.org/10.1007/s11920-011-0221-3
http://doi.org/10.1111/jcpp.12100
http://doi.org/10.1002/14651858.CD007813.pub2
http://doi.org/10.1016/S2215-0366(18)30269-4
http://doi.org/10.2147/NDT.S91765

Brain Sci. 2022, 12,1023 26 of 29

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Coughlin, C.G.; Cohen, S.C.; Mulqueen, ].M.; Ferracioli-Oda, E.; Stuckelman, Z.D.; Bloch, M.H. Meta-Analysis: Reduced
Risk of Anxiety with Psychostimulant Treatment in Children with Attention-Deficit/Hyperactivity Disorder. J. Child Adolesc.
Psychopharmacol. 2015, 25, 611-617. [CrossRef] [PubMed]

Schwartz, S.; Correll, C.U. Efficacy and Safety of Atomoxetine in Children and Adolescents with Attention-Deficit/Hyperactivity
Disorder: Results from a Comprehensive Meta-Analysis and Metaregression. . Am. Acad. Child Adolesc. Psychiatry
2014, 53, 174-187. [CrossRef] [PubMed]

Jangmo, A.; Stalhandske, A.; Chang, Z.; Chen, Q.; Almqvist, C.; Feldman, I.; Bulik, C.M.; Lichtenstein, P.; D’Onofrio, B.; Kuja-
Halkola, R.; et al. Attention-Deficit/Hyperactivity Disorder, School Performance, and Effect of Medication. . Am. Acad. Child
Adolesc. Psychiatry 2019, 58, 423-432. [CrossRef] [PubMed]

Keilow, M.; Holm, A.; Fallesen, P. Medical treatment of Attention Deficit/Hyperactivity Disorder (ADHD) and children’s
academic performance. PLoS ONE 2018, 13, e0207905. [CrossRef] [PubMed]

Lu, Y;; Sjolander, A.; Cederlof, M.; D’Onofrio, B.M.; Almqvist, C.; Larsson, H.; Lichtenstein, P. Association Between Medication
Use and Performance on Higher Education Entrance Tests in Individuals With Attention-Deficit/Hyperactivity Disorder. JAMA
Psychiatry 2017, 74, 815. [CrossRef] [PubMed]

Tsujii, N.; Okada, T.; Usami, M.; Kuwabara, H.; Fujita, J.; Negoro, H.; Kawamura, M.; Lida, J.; Saito, T. Effect of Continuing and
Discontinuing Medications on Quality of Life After Symptomatic Remission in Attention-Deficit/Hyperactivity Disorder: A
Systematic Review and Meta-Analysis. . Clin. Psychiatry 2020, 81, 11514. [CrossRef] [PubMed]

Chang, Z.; D’Onofrio, B.M.; Quinn, P.D.; Lichtenstein, P.; Larsson, H. Medication for Attention-Deficit/Hyperactivity Disorder
and Risk for Depression: A Nationwide Longitudinal Cohort Study. Biol. Psychiatry 2016, 80, 916-922. [CrossRef]

Chen, Q.; Sjolander, A.; Runeson, B.; D’Onofrio, B.M.; Lichtenstein, P; Larsson, H. Drug Treatment for Attention-
Deficit/Hyperactivity Disorder and Suicidal Behaviour: Register Based Study. BMJ 2014, 348, g3769. [CrossRef]

Hua, M.-H.; Huang, K.-L.; Hsu, J.-W.; Bai, Y.-M.; Su, T.-P; Tsai, S.-].; Li, C.-H.; Lin, W.-C.; Chen, T.-J.; Chen, M.-H. Early Pregnancy
Risk among Adolescents with ADHD: A Nationwide Longitudinal Study. J. Atten. Disord. 2021, 25, 1199-1206. [CrossRef]
Chang, Z.; Lichtenstein, P.; Halldner, L.; D’Onofrio, B.; Serlachius, E.; Fazel, S.; Langstrom, N.; Larsson, H. Stimulant ADHD
Medication and Risk for Substance Abuse. J. Child Psychol. Psychiatry 2014, 55, 878-885. [CrossRef]

Chen, V.C.-H,; Yang, Y.-H,; Liao, Y.-T.; Kuo, T.-Y;; Liang, H.-Y.; Huang, K.-Y.; Huangm, Y.-C.; Lee, Y.; McIntyre, R.S.; Lin, T.-C.
The Association Between Methylphenidate Treatment and the Risk For Fracture Among Young ADHD Patients: A Nationwide
Population-Based Study in Taiwan. PLoS ONE 2017, 12, e0173762.

Ghirardi, L.; Chen, Q.; Chang, Z.; Kuja-Halkola, R.; Skoglund, C.; Quinn, P.D.; D’Onofrio, B.M.; Larsson, H. Use of Medication for
Attention-Deficit/Hyperactivity Disorder and Risk of Unintentional Injuries in Children and Adolescents with Co-Occurring
Neurodevelopmental Disorders. J. Child Psychol. Psychiatry 2020, 61, 140-147. [CrossRef] [PubMed]

Man, K.K,; Chan, EW,; Coghill, D.; Douglas, L; Ip, P.; Leung, L.-P.; Tsui, M.S.H.; Wong, W.H.S.; Wong, I.C. Methylphenidate and
the Risk of Trauma. Pediatrics 2015, 135, 40-48. [CrossRef] [PubMed]

Chang, Z.; Lichtenstein, P.; D’Onofrio, B.M.; Sjolander, A.; Larsson, H. Serious Transport Accidents in Adults with Attention-
Deficit/Hyperactivity Disorder and the Effect of Medication: A Population-Based Study. JAMA Psychiatry 2014, 71, 319-325.
[CrossRef] [PubMed]

Chang, Z.; Quinn, P.D.; Hur, K.; Gibbons, R.D.; Sjolander, A.; Larsson, H.; D’Onofrio, B.M. Association Between Medication Use
for Attention-Deficit/Hyperactivity Disorder and Risk of Motor Vehicle Crashes. JAMA Psychiatry 2017, 74, 597-603. [CrossRef]
Chen, V.C.-H.; Chan, H.-L.; Wu, S.-I; Lu, M.-L.; Dewey, M.E; Stewart, R.; Lee, C.T.-C. Methylphenidate and Mortality in Children
with Attention-Deficit Hyperactivity Disorder: Population-Based Cohort Study. Br. J. Psychiatry 2020, 220, 64-72. [CrossRef]
[PubMed]

Partridge, B.; Lucke, J.; Hall, W. Public Attitudes Towards the Acceptability of Using Drugs to Treat Depression and ADHD. Aust.
N. Z. ]. Psychiatry 2012, 46, 958-965. [CrossRef] [PubMed]

Dosreis, S.; Zito, ].M.; Safer, D.J.; Soeken, K.L.; Mitchell, ] W., Jr.; Ellwood, L.C. Parental Perceptions and Satisfaction with
Stimulant Medication for Attention-Deficit Hyperactivity Disorder. J. Dev. Behav. Pediatr. 2003, 24, 155-162. [CrossRef]

Stroh, J.; Frankenberger, W.; Cornell-Swanson, L.V.; Wood, C.; Pahl, S. The Use of Stimulant Medication and Behavioral
Interventions for the Treatment of Attention Deficit Hyperactivity Disorder: A Survey of Parents’ Knowledge, Attitudes, and
Experiences. J. Child Fam. Stud. 2008, 17, 385-401. [CrossRef]

Curtis, D.F,; Pisecco, S.; Hamilton, R.J.; Moore, D.W. Teacher Perceptions of Classroom Interventions for Children with ADHD: A
Cross-Cultural Comparison of Teachers in the United States and New Zealand. Sch. Psychol. Q. 2006, 21, 171. [CrossRef]

Frisch, L.; Moser, S.E.; Hawley, E,; Johnston, J.; Romereim, M. Kansas School Nurses” Knowledge and Opinions About ADHD
Stimulant Medication Therapy. |. Sch. Health 2003, 73, 127-128. [CrossRef] [PubMed]

Ahmed, R.; McCaffery, K.J.; Aslani, P. Factors Influencing Parental Decision Making About Stimulant Treatment for Attention-
Deficit/Hyperactivity Disorder. J. Child Adolesc. Psychopharmacol. 2013, 23, 163-178. [CrossRef]

Wang, L.-].; Lee, S.-Y.; Yuan, S.-S.; Yang, C.-J.; Yang, K.-C.; Lee, T.-L.; Shyu, Y.-C. Impact of Negative Media Publicity on
Attention-Deficit/Hyperactivity Disorder Medication in Taiwan. Pharmacoepidemiol. Drug Saf. 2016, 25, 45-53. [CrossRef]
[PubMed]

Brown, K.A; Samuel, S.; Patel, D.R. Pharmacologic Management of Attention Deficit Hyperactivity Disorder in Children and
Adolescents: A Review for Practitioners. Transl. Pediatr. 2018, 7, 36—47. [CrossRef] [PubMed]


http://doi.org/10.1089/cap.2015.0075
http://www.ncbi.nlm.nih.gov/pubmed/26402485
http://doi.org/10.1016/j.jaac.2013.11.005
http://www.ncbi.nlm.nih.gov/pubmed/24472252
http://doi.org/10.1016/j.jaac.2018.11.014
http://www.ncbi.nlm.nih.gov/pubmed/30768391
http://doi.org/10.1371/journal.pone.0207905
http://www.ncbi.nlm.nih.gov/pubmed/30496240
http://doi.org/10.1001/jamapsychiatry.2017.1472
http://www.ncbi.nlm.nih.gov/pubmed/28658471
http://doi.org/10.4088/JCP.19r13015
http://www.ncbi.nlm.nih.gov/pubmed/32237294
http://doi.org/10.1016/j.biopsych.2016.02.018
http://doi.org/10.1136/bmj.g3769
http://doi.org/10.1177/1087054719900232
http://doi.org/10.1111/jcpp.12164
http://doi.org/10.1111/jcpp.13136
http://www.ncbi.nlm.nih.gov/pubmed/31625605
http://doi.org/10.1542/peds.2014-1738
http://www.ncbi.nlm.nih.gov/pubmed/25511122
http://doi.org/10.1001/jamapsychiatry.2013.4174
http://www.ncbi.nlm.nih.gov/pubmed/24477798
http://doi.org/10.1001/jamapsychiatry.2017.0659
http://doi.org/10.1192/bjp.2020.129
http://www.ncbi.nlm.nih.gov/pubmed/32662370
http://doi.org/10.1177/0004867412450755
http://www.ncbi.nlm.nih.gov/pubmed/22689334
http://doi.org/10.1097/00004703-200306000-00004
http://doi.org/10.1007/s10826-007-9149-y
http://doi.org/10.1521/scpq.2006.21.2.171
http://doi.org/10.1111/j.1746-1561.2003.tb03587.x
http://www.ncbi.nlm.nih.gov/pubmed/12677731
http://doi.org/10.1089/cap.2012.0087
http://doi.org/10.1002/pds.3907
http://www.ncbi.nlm.nih.gov/pubmed/26549311
http://doi.org/10.21037/tp.2017.08.02
http://www.ncbi.nlm.nih.gov/pubmed/29441281

Brain Sci. 2022, 12,1023 27 of 29

69.

70.

71.

72.

73.

74.
75.

76.
77.

78.

79.

80.

81.

82.
83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Solmi, M.; Fornaro, M.; Ostinelli, E.G.; Zangani, C.; Croatto, G.; Monaco, F.; Kirinitski, D.; Fusar-Poli, P.; Correll, C.U. Safety
of 80 Antidepressants, Antipsychotics, Anti-Attention-Deficit/Hyperactivity Medications and Mood Stabilizers in Children
and Adolescents with Psychiatric Disorders: A Large Scale Systematic Meta-Review of 78 Adverse Effects. World Psychiatry
2020, 19, 214-232. [CrossRef] [PubMed]

Faraone, S.V.; Biederman, J.; Morley, C.P,; Spencer, T.J. Effect of Stimulants on Height and Weight: A Review of the Literature. J.
Am. Acad. Child Adolesc. Psychiatry 2008, 47, 994-1009. [CrossRef]

Shrestha, M.; Lautenschleger, J.; Soares, N. Non-pharmacologic management of attention-deficit/hyperactivity disorder in
children and adolescents: A review. Transl. Pediatr. 2020, 9 (Suppl. 1), S114. [CrossRef]

Borrell-Carrio, F. The Biopsychosocial Model 25 Years Later: Principles, Practice, and Scientific Inquiry. Ann. Fam. Med.
2004, 2, 576-582. [CrossRef]

Farre, A.; Rapley, T. The New Old (and Old New) Medical Model: Four Decades Navigating the Biomedical and Psychosocial
Understandings of Health and Illness. Healthcare 2017, 5, 88. [CrossRef]

Inerney, S. Introducing the Biopsychosocial Model for Good Medicine and Good Doctors. BM] 2018, 324, 1533.

Ninot, G. Non-Pharmacological Interventions: An Essential Answer to Current Demographic, Health, and Environmental Transitions;
Springer Nature: Berlin/Heidelberg, Germany, 2021; ISBN 9783030609702.

Goldet, G.; Howick, J. Understanding GRADE: An Introduction. J. Evid. -Based Med. 2013, 6, 50-54. [CrossRef] [PubMed]

Parry, G.D.; Crawford, M.].; Duggan, C. Iatrogenic harm from psychological therapies—time to move on. Br. J. Psychiatry 2016,
208, 210-212. [CrossRef]

Rhule, D.M. Take care to do no harm: Harmful interventions for youth problem behavior. Prof. Psychol. Res. Pract. 2005, 36, 618.
[CrossRef]

Russell, G.; Ford, T.; Rosenberg, R.; Kelly, S. The Association of Attention Deficit Hyperactivity Disorder with Socioeconomic
Disadvantage: Alternative Explanations and Evidence. J. Child Psychol. Psychiatry 2014, 55, 436—445. [CrossRef] [PubMed]
Gnanavel, S.; Sharma, P.; Kaushal, P.; Hussain, S. Attention Deficit Hyperactivity Disorder and Comorbidity: A Review of
Literature. World |. Clin. Cases 2019, 7, 2420. [CrossRef] [PubMed]

Schunemann, H.; GRADE Handbook for Grading Quality of Evidence and Strength of Recommendation. Version 3.2. 2008.
Available online: https://www.cc-ims.net/gradepro (accessed on 19 April 2020).

Liidecke, D.; David, B.W. Package ‘esc’; R Package Version 0.5, 1; R Foundation for Statistical Computing: Vienna, Austria, 2019.
Van den Noortgate, W.; Lopez-Lopez, ].A.; Marin-Martinez, F.; Sanchez-Meca, J. Three-Level Meta-Analysis of Dependent Effect
Sizes. Behav. Res. Methods 2013, 45, 576-594. [CrossRef] [PubMed]

Cheung, M.W.-L. A Guide to Conducting a Meta-Analysis with Non-Independent Effect Sizes. Neuropsychol. Rev. 2019, 29, 387-396.
[CrossRef]

Viechtbauer, W. Conducting Meta-Analyses in R with the Metafor Package. J. Stat. Softw. 2010, 36, 1-48. [CrossRef]

Assink, M.; Wibbelink, C.J. Fitting Three-Level Meta-Analytic Models in R: A Step-by-Step Tutorial. Quant. Methods Psychol. 2016,
12,154-174. [CrossRef]

Bowden, J.; Tierney, J.F.; Copas, A.].; Burdett, S. Quantifying, Displaying and Accounting for Heterogeneity in the Meta-Analysis
of RCTs Using Standard and Generalised Qstatistics. BMC Med. Res. Methodol. 2011, 11, 41. [CrossRef]

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in Meta-Analysis Detected by a Simple, Graphical Test. BM] 1997,
315, 629-634. [CrossRef]

Habeck, C.W.; Schultz, A K. Community-level impacts of white-tailed deer on understorey plants in North American forests: A
meta-analysis. AoB Plants 2015, 7, plv119. [CrossRef]

Atkins, D.; Best, D.; Briss, P.A.; Eccles, M.; Falck-Ytter, Y.; Flottorp, S.; Guyatt, G.H.; Harbour, R.T.; Haugh, M.C.; Henry, D.; et al.
Grading Quality of Evidence and Strength of Recommendations. BM] 2004, 328, 1490. [CrossRef]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e€1000097. [CrossRef]

Corbisiero, S.; Bitto, H.; Newark, P.; Abt-Morstedt, B.; Elsdasser, M.; Buchli-Kammermann, J.; Kiinne, S.; Nyberg, E.; Hofecker-
Fallahpour, M.; Stieglitz, R.D. A Comparison of Cognitive-Behavioral Therapy and Pharmacotherapy vs. Pharmacotherapy Alone
in Adults With Attention-Deficit/Hyperactivity Disorder (ADHD)-A Randomized Controlled Trial. Front. Psychiatry 2018, 9, 571.
[CrossRef]

Emilsson, B.; Gudjonsson, G.; Sigurdsson, J.F.; Baldursson, G.; Einarsson, E.; Olafsdottir, H.; Young, S. Cognitive behaviour
therapy in medication-treated adults with ADHD and persistent Symptoms: A randomized controlled trial. BMC Psychiatry 2011,
11, 116. [CrossRef] [PubMed]

Gu, Y,; Xu, G.; Zhu, Y. A Randomized controlled trial of mindfulness-based cognitive therapy for college students with ADHD. J.
Atten. Disord. 2016, 22, 388-399. [CrossRef]

Pettersson, R.; Soderstrom, S.; Edlund-Soderstrom, K.; Nilsson, K. Internet-based cognitive behavioral therapy for adults with
ADHD in outpatient psychiatric care. J. Atten. Disord. 2016, 21, 508-521. [CrossRef]

Safren, S.A.; Sprich, S.; Mimiaga, M.].; Surman, C.; Knouse, L.; Groves, M.; Otto, M. Cognitive behavioral therapy vs relaxation
with educational support for medication-treated adults with ADHD and persistent symptoms. JAMA 2010, 304, 875-880.
[CrossRef]


http://doi.org/10.1002/wps.20765
http://www.ncbi.nlm.nih.gov/pubmed/32394557
http://doi.org/10.1097/CHI.0b013e31817e0ea7
http://doi.org/10.21037/tp.2019.10.01
http://doi.org/10.1370/afm.245
http://doi.org/10.3390/healthcare5040088
http://doi.org/10.1111/jebm.12018
http://www.ncbi.nlm.nih.gov/pubmed/23557528
http://doi.org/10.1192/bjp.bp.115.163618
http://doi.org/10.1037/0735-7028.36.6.618
http://doi.org/10.1111/jcpp.12170
http://www.ncbi.nlm.nih.gov/pubmed/24274762
http://doi.org/10.12998/wjcc.v7.i17.2420
http://www.ncbi.nlm.nih.gov/pubmed/31559278
https://www.cc-ims.net/gradepro
http://doi.org/10.3758/s13428-012-0261-6
http://www.ncbi.nlm.nih.gov/pubmed/23055166
http://doi.org/10.1007/s11065-019-09415-6
http://doi.org/10.18637/jss.v036.i03
http://doi.org/10.20982/tqmp.12.3.p154
http://doi.org/10.1186/1471-2288-11-41
http://doi.org/10.1136/bmj.315.7109.629
http://doi.org/10.1093/aobpla/plv119
http://doi.org/10.1136/bmj.328.7454.1490
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.3389/fpsyt.2018.00571
http://doi.org/10.1186/1471-244X-11-116
http://www.ncbi.nlm.nih.gov/pubmed/21787431
http://doi.org/10.1177/1087054716686183
http://doi.org/10.1177/1087054714539998
http://doi.org/10.1001/jama.2010.1192

Brain Sci. 2022, 12,1023 28 of 29

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Schoenberg, P.L.; Hepark, S.; Kan, C.C.; Barendregt, H.P,; Buitelaar, ] K.; Speckens, A.E. Effects of mindfulness-based cognitive
therapy on neurophysiological correlates of performance monitoring in adult attention-deficit/hyperactivity disorder. Clin.
Neurophysiol. 2014, 125, 1407-1416. [CrossRef]

Solanto, M.V.; Marks, D.].; Wasserstein, J.; Mitchell, K.; Abikoff, H.; Alvir, ] M.].; Kofman, M.D. Efficacy of meta-cognitive therapy
for adult ADHD. Am. |. Psychiatry 2010, 167, 958-968. [CrossRef]

Kang, K.D.; Choi, ].W.; Kang, S.G.; Han, D.H. Sports Therapy for attention, cognitions and sociality. Laryngo-Rhino-Otologie 2011,
32,953-959. [CrossRef]

Mefiler, C.F.,; Holmberg, H.-C.; Sperlich, B. Multimodal therapy involving high-intensity interval training improves the physical
fitness, motor skills, social behavior, and quality of life of boys with ADHD: A randomized controlled study. ]. Atten. Disord.
2016, 22, 806-812. [CrossRef]

Abikoff, H.B.; Thompson, M.; Laver-Bradbury, C.; Long, N.; Forehand, R.; Brotman, L.M.; Klein, R.G.; Reiss, P.; Huo, L.; Sonuga-
Barke, E. Parent training for preschool ADHD: A randomized controlled trial of specialized and generic programs. J. Child Psychol.
Psychiatry 2014, 56, 618-631. [CrossRef]

Yang, L.; Bai, G.-N.; Wang, Y.-F; Niu, W.-Y. Effectiveness of a focused, brief psychoeducation program for parents of ADHD
children: Improvement of medication adherence and symptoms. Neuropsychiatr. Dis. Treat. 2015, 11, 2721-2735. [CrossRef]
Behbahani, M.; Zargar, F.; Assarian, F; Akbari, H. Effects of Mindful Parenting Training on Clinical Symptoms in Children with
Attention Deficit Hyperactivity Disorder and Parenting Stress: Randomized Controlled Trial. Iran. J. Med. Sci. 2018, 43, 596-604.
[CrossRef]

Haack, L.M,; Villodas, M.; McBurnett, K.; Hinshaw, S.; Pfiffner, L.]. Parenting as a Mechanism of Change in Psychosocial Treatment
for Youth with ADHD, Predominantly Inattentive Presentation. . Abnorm. Child Psychol. 2016, 45, 841-855. [CrossRef]

Herbert, S.D.; Harvey, E.A.; Roberts, J.L.; Wichowski, K.; Lugo-Candelas, C.I. A Randomized Controlled Trial of a Parent
Training and Emotion Socialization Program for Families of Hyperactive Preschool-Aged Children. Behav. Ther. 2013, 44, 302-316.
[CrossRef]

Lange, A.-M.; Daley, D.; Frydenberg, M.; Houmann, T.; Kristensen, L.J.; Rask, C.; Sonuga-Barke, E.; Sendergaard-Baden, S.;
Udupi, A.; Thomsen, P.H. Parent Training for Preschool ADHD in Routine, Specialist Care: A Randomized Controlled Trial. J.
Am. Acad. Child Adolesc. Psychiatry 2018, 57, 593-602. [CrossRef]

Hosainzadeh Maleki, Z.; Mashhadji, A.; Soltanifar, A.; Moharreri, F.; Ghanaei Ghamanabad, A. Barkley’s Parent Training Program,
Working Memory Training and their Combination for Children with ADHD: Attention Deficit Hyperactivity Disorder. Iran. |.
Psychiatry 2014, 9, 47-54.

Pfiffner, L.].; Hinshaw, S.P.; Owens, E.; Zalecki, C.; Kaiser, N.M.; Villodas, M.; McBurnett, K. A two-site randomized clinical trial of
integrated psychosocial treatment for ADHD-inattentive type. J. Consult. Clin. Psychol. 2014, 82, 1115-1127. [CrossRef] [PubMed]
Shafiee-Kandjani, A.R.; Noorazar, G.; Shahrokhi, H.; Nazari, M.A.; Farhang, S. Effect of Parent Management Training on Attention,
Response Prevention, Impulsivity and Vigilance of Boys with Attention Deficient/Hyperactive Disorder. Iran. J. Psychiatry Behav.
Sci. 2017, 11. [CrossRef]

Sonuga-Barke, E.J.S.; Barton, J.; Daley, D.; Hutchings, J.; Maishman, T.; Raftery, J.; Stanton, L.; Laver-Bradbury, C.; Chorozoglou,
M.; Coghill, D.; et al. A comparison of the clinical effectiveness and cost of specialised individually delivered parent training for
preschool attention-deficit/hyperactivity disorder and a generic, group-based programme: A multi-centre, randomised controlled
trial of the New Forest Parenting Programme versus Incredible Years. Eur. Child Adolesc. Psychiatry 2017, 27, 797-809. [CrossRef]
[PubMed]

Yusuf, O.; Gonka, O.; Aynur, A.P. The effects of the triple P-positive parenting programme on parenting, family functioning and
symptoms of attention-deficit/hyperactivity disorder. A randomized controlled trial. Psychiatry Clin. Psychopharmacol. 2018,
29, 665—673. [CrossRef]

Corkum, P; Elik, N.; Blotnicky-Gallant, P.A.C.; McGonnell, M.; McGrath, P. Web-Based Intervention for Teachers of Elementary
Students With ADHD: Randomized Controlled Trial. J. Atten. Disord. 2015, 23, 257-269. [CrossRef] [PubMed]

Schultz, B.K.; Evans, S.W.; Langberg, ].M.; Schoemann, A. Outcomes for adolescents who comply with long-term psychosocial
treatment for ADHD. |. Consult. Clin. Psychol. 2017, 85, 250-261. [CrossRef] [PubMed]

Dittner, A.J.; Hodsoll, J.; Rimes, K.A.; Russell, A.J.; Chalder, T. Cognitive-behavioural therapy for adult attention-deficit
hyperactivity disorder: A proof of concept randomised controlled trial. Acta Psychiatr. Scand. 2017, 137, 125-137. [CrossRef]
[PubMed]

Solanto, M.V.; Surman, C.B.; Alvir, ]. The efficacy of cognitive-behavioral therapy for older adults with ADHD: A randomized
controlled trial. Atten. Defic. Hyperact. Disord. 2018, 10, 223-235. [CrossRef] [PubMed]

Cerrillo-Urbina, A.J.; Garcia-Hermoso, A.; Sdnchez-Lopez, M.; Pardo-Guijarro, M.].; Santos Gémez, J.L.; Martinez-Vizcaino, V.
The effects of physical exercise in children with attention deficit hyperactivity disorder: A systematic review and meta-analysis of
randomized control trials. Child: Care Health Develop. 2015, 41, 779-788. [CrossRef] [PubMed]

Zang, Y. Impact of physical exercise on children with attention deficit hyperactivity disorders: Evidence through a meta-analysis.
Medicine 2019, 98, €17980. [CrossRef] [PubMed]

Mulqueen, J.M.; Bartley, C.A.; Bloch, M.H. Meta-Analysis: Parental Interventions for Preschool ADHD. ]. Atten. Disord. 2015,
19, 118-124. [CrossRef] [PubMed]


http://doi.org/10.1016/j.clinph.2013.11.031
http://doi.org/10.1176/appi.ajp.2009.09081123
http://doi.org/10.1055/s-0031-1283175
http://doi.org/10.1177/1087054716636936
http://doi.org/10.1111/jcpp.12346
http://doi.org/10.2147/NDT.S88625
http://doi.org/10.30476/IJMS.2018.40582
http://doi.org/10.1007/s10802-016-0199-8
http://doi.org/10.1016/j.beth.2012.10.004
http://doi.org/10.1016/j.jaac.2018.04.014
http://doi.org/10.1037/a0036887
http://www.ncbi.nlm.nih.gov/pubmed/24865871
http://doi.org/10.5812/ijpbs.4834
http://doi.org/10.1007/s00787-017-1054-3
http://www.ncbi.nlm.nih.gov/pubmed/29086103
http://doi.org/10.1080/24750573.2018.1542189
http://doi.org/10.1177/1087054715603198
http://www.ncbi.nlm.nih.gov/pubmed/26362259
http://doi.org/10.1037/ccp0000172
http://www.ncbi.nlm.nih.gov/pubmed/28221060
http://doi.org/10.1111/acps.12836
http://www.ncbi.nlm.nih.gov/pubmed/29282731
http://doi.org/10.1007/s12402-018-0253-1
http://www.ncbi.nlm.nih.gov/pubmed/29492784
http://doi.org/10.1111/cch.12255
http://www.ncbi.nlm.nih.gov/pubmed/25988743
http://doi.org/10.1097/MD.0000000000017980
http://www.ncbi.nlm.nih.gov/pubmed/31725664
http://doi.org/10.1177/1087054713504135
http://www.ncbi.nlm.nih.gov/pubmed/24071773

Brain Sci. 2022, 12,1023 29 of 29

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Rimestad, M.L.; Lambek, R.; Zacher Christiansen, H.; Hougaard, E. Short- and Long-Term Effects of Parent Training for Preschool
Children With or at Risk of ADHD: A Systematic Review and Meta-Analysis. |. Atten. Disord. 2019, 23, 423-434. [CrossRef]
[PubMed]

DuPaul, G.J. Promoting success across school years for children with Attention-Deficit/Hyperactivity Disorder: Collaborative
school-home intervention. J. Am. Acad. Child. Adolesc. Psychiatry. 2018, 57, 231-232. [CrossRef] [PubMed]

Bikic, A.; Reichow, B.; McCauley, S.A.; Ibrahim, K.; Sukhodolsky, D.G. Meta-Analysis of Organizational Skills Interventions
for Children and Adolescents with Attention-Deficit/Hyperactivity Disorder. Clin. Psychol. Rev. 2017, 52, 108-123. [CrossRef]
[PubMed]

Evans, S.W.; Schultz, B.K.; DeMars, C.E.; Davis, H. Effectiveness of the Challenging Horizons After-School Program for Young
Adolescents With ADHD. Behav. Ther. 2011, 42, 462—-474. [CrossRef]

Dziak, J.J.; Coffman, D.L.; Lanza, S.T.; Li, R.; Jermiin, L.S. Sensitivity and specificity of information criteria. Brief. Bioinform. 2020,
21, 553-565. [CrossRef]

Harrer, M.; Cuijpers, P; Furukawa, T.A.; Ebert, D.D. Doing Meta-Analysis with R: A Hands-On Guide; Chapman and Hall/CRC:
Boca Raton, FL, USA, 2021; ISBN 9780367610074

Gaastra, G.F; Groen, Y.; Tucha, L.; Tucha, O. The Effects of Classroom Interventions on Off-Task and Disruptive Classroom
Behavior in Children with Symptoms of Attention-Deficit/Hyperactivity Disorder: A Meta-Analytic Review. PLoS ONE 2016,
11, e0148841. [CrossRef]

Hodgson, K.; Hutchinson, A.D.; Denson, L. Nonpharmacological Treatments for ADHD: A Meta-Analytic Review. ] Atten Disord.
2014, 18, 275-282. [CrossRef]

Rimestad, M.L.; O'Toole, M.S.; Hougaard, E. Mediators of Change in a Parent Training Program for Early ADHD Difficulties: The
Role of Parental Strategies, Parental Self-Efficacy, and Therapeutic Alliance. | Atten Disord. 2020, 24, 1966-1976. [CrossRef]
Achenbach, T.M.; McConaughy, S.H.; Howell, C.T. Child/Adolescent Behavioral and Emotional Problems: Implications of
Cross-Informant Correlations for Situational Specificity. Psychol. Bull. 1987, 101, 213. [CrossRef]

Biederman, J.; Faraone, S.V.; Milberger, S.; Doyle, A. Diagnoses of Attention-Deficit Hyperactivity Disorder from Parent Reports
Predict Diagnoses Based on Teacher Reports. . Am. Acad. Child Adolesc. Psychiatry 1993, 32, 315-317. [CrossRef] [PubMed]
Antrop, I; Roeyers, H.; Oosterlaan, J.; Van Oost, P. Agreement Between Parent and Teacher Ratings of Disruptive Behavior
Disorders in Children with Clinically Diagnosed ADHD. |. Psychopathol. Behav. Assess. 2002, 24, 67-73. [CrossRef]

Malhi, P; Singhi, P.; Sidhu, M. Impact of Parent and Teacher Toncordance on Diagnosing Attention Deficit Hyperactivity Disorder
and its Sub-Sypes. Indian J. Pediatr. 2008, 75, 223-228. [CrossRef]

Lavigne, J.V.; Dulcan, M.K.; LeBailly, S.A.; Binns, H.]. Can Parent Reports Serve as a Proxy for Teacher Ratings in Medication
Management of Attention-Deficit Hyperactivity Disorder? . Dev. Behav. Pediatr. 2012, 33, 336-342. [CrossRef] [PubMed]
DuPaul, G.J.; Fu, Q.; Anastopoulos, A.D.; Reid, R.; Power, T.]. ADHD Parent and Teacher Symptom Ratings: Differential Item
Functioning Across Gender, Age, Race, and Ethnicity. J. Abnorm. Child Psychol. 2020, 48, 679—-691. [CrossRef]

Hartman, C.A.; Rhee, S.H.; Willcutt, E.G.; Pennington, B.F. Modeling Rater Disagreement for ADHD: Are Parents or Teachers
Biased? J. Abnorm. Child Psychol. 2007, 35, 536-542. [CrossRef]

Jungersen, C.M.; Lonigan, C.J. Do Parent and Teacher Ratings of ADHD Reflect the Same Constructs? A Measurement Invariance
Analysis. |. Psychopathol. Behav. Assess. 2021, 43, 778-792. [CrossRef]

Takeda, T.; Nissley-Tsiopinis, J.; Nanda, S.; Eiraldi, R. Factors Associated with Discrepancy in Parent-Teacher Reporting of
Symptoms of ADHD in a Large Clinic-Referred Sample of Children. . Atten. Disord. 2020, 24, 1605-1615. [CrossRef]

Doig, G.S.; Simpson, F. Randomization and Allocation Concealment: A Practical Guide for Researchers. |. Crit. Care 2005,
20, 187-191. [CrossRef] [PubMed]

Davidson, R.J.; Kaszniak, A.W. Conceptual and Methodological Issues in Research on Mindfulness and Meditation. Am. Psychol.
2015, 70, 581. [CrossRef]

Munafo, M.R.; Nosek, B.A.; Bishop, D.V.; Button, K.S.; Chambers, C.D.; Percie du Sert, N.; Simonson, U.; Wagenmakers, E.-J ;
Ware, ].].; Ioannidis, ]. A Manifesto for Reproducible Science. Nat. Hum. Behav. 2017, 1, 0021. [CrossRef] [PubMed]


http://doi.org/10.1177/1087054716648775
http://www.ncbi.nlm.nih.gov/pubmed/27179355
http://doi.org/10.1016/j.jaac.2018.02.001
http://www.ncbi.nlm.nih.gov/pubmed/29588047
http://doi.org/10.1016/j.cpr.2016.12.004
http://www.ncbi.nlm.nih.gov/pubmed/28088557
http://doi.org/10.1016/j.beth.2010.11.008
http://doi.org/10.1093/bib/bbz016
http://doi.org/10.1371/journal.pone.0148841
http://doi.org/10.1177/1087054712444732
http://doi.org/10.1177/1087054717733043
http://doi.org/10.1037/0033-2909.101.2.213
http://doi.org/10.1097/00004583-199303000-00011
http://www.ncbi.nlm.nih.gov/pubmed/8444759
http://doi.org/10.1023/A:1014057325752
http://doi.org/10.1007/s12098-008-0049-y
http://doi.org/10.1097/DBP.0b013e31824afea1
http://www.ncbi.nlm.nih.gov/pubmed/22371012
http://doi.org/10.1007/s10802-020-00618-7
http://doi.org/10.1007/s10802-007-9110-y
http://doi.org/10.1007/s10862-021-09874-3
http://doi.org/10.1177/1087054716652476
http://doi.org/10.1016/j.jcrc.2005.04.005
http://www.ncbi.nlm.nih.gov/pubmed/16139163
http://doi.org/10.1037/a0039512
http://doi.org/10.1038/s41562-016-0021
http://www.ncbi.nlm.nih.gov/pubmed/33954258

	Introduction 
	Etiologies of ADHD 
	Pharmacological Treatment of ADHD 
	Psychosocial Interventions for ADHD 
	Present Study 

	Methods 
	Eligibility Criteria 
	Information Source 
	Search Strategy 
	Selection Process 
	Data Items 
	Study Risk of Bias 
	Effect Measures 
	Synthesis Methods 
	Risk of Bias across Studies 
	Certainty and Recommendation 

	Results 
	Study Characteristics and Qualitative Summary 
	Individual Study Bias 
	Three-Level Meta-Analyses Results 
	Overall Three-Level Meta-Analyses Results 
	Three-Level Meta-Analyses Results for Cognitive Behavioral Therapy 
	Three-Level Meta-Analyses Results for Caregiver Intervention 
	Three-Level Meta-Analyses Results for School Based and Executive Intervention 

	Attrition and Adverse Effects 
	Meta-Regression 
	Publication Bias 
	Four-Levels Meta-Analysis 
	Certainty of Assessment and Recommendation 

	Discussion 
	Psychosocial Intervention for ADHD: Which One and for Whom? 
	Limitations of the Present Review 
	Future Research 

	Conclusions 
	References

