International Journal of Neuropsychopharmacology (2021) 24(10): 776-786

doi:10.1093/ijnp/pyab034
Advance Access Publication June 4, 2021
Regular Research Article

REGULAR RESEARCH ARTICLE

Exploring the Effects of Pharmacological,
Psychosocial, and Alternative/Complementary
Interventions in Children and Adolescents With
Attention-Deficit/Hyperactivity Disorder: Meta-
Regression Approach

Kung-Han Yang*, Hsien-Yuan Lane*, Yue-Cune Chang, Ruu-Fen Tzang

Department of Applied Mathematics, Chinese Culture University, Taipei, Taiwan (Dr Yang); Department of
Mathematics, Tamkang University, Taipei, Taiwan (Dr Chang); Department of Psychiatry, Mackay Memorial
Hospital, Taipei, Taiwan (Dr Tzang); Mackay Junior College of Medicine, Nursing, and Management, Taipei, Taiwan
(Dr Tzang); Department of Psychiatry, China Medical University Hospital, Taichung, Taiwan (Dr Lane); Graduate
Institute of Biomedical Sciences, China Medical University Medical College, Taichung, Taiwan (Dr Lane);
Department of Psychology, College of Medical and Health Sciences, Asia University, Taichung, Taiwan (Dr Lane).

*First author.

Correspondence: Ruu-Fen Tzang, MD, Department of Psychiatry, Mackay Memorial Hospital, Number 92, Sec. 2, Zhong Shan N Road, Taipei 104, Taiwan
(rf.tzang@msa.hinet.net).

Abstract

Background: There have been various therapies for attention-deficit/hyperactivity disorder (ADHD), but the previous meta-
analysis of ADHD efficacy remains unclear. This study aims to systemically meta-regress the effect sizes (ES) of psychostimulant
pharmacotherapy (methylphenidate and lisdexamfetamine), non-stimulant pharmacotherapy (atomoxetine and alpha-2
agonists), psychosocial therapy (parental behavioral therapy [PBT]), combination therapy (psychostimulant plus PBT), and
alternative/complementary interventions to determine the right treatment for ADHD.

Methods: We searched various ADHD interventions from the MEDLINE and PubMed databases (National Center for
Biotechnology Information) between January 1, 1980, and July 30, 2018. Following the meta-analysis of random effects, the
meta-regression analyses were used to explore factors potentially influencing treatment efficacy. The confounding variables
included type of treatment, type of study, age, type of symptom scale used, and year of publication.

Results: A total of 107 trials (n=9883 participants) were included. After adjustment, compared with the psychostimulant
therapy (28 trial, 2134 participants), non-stimulant pharmacotherapy (28 trials, 4991 participants) and alternative/complement
intervention (25 trials, 1195 participants) were less effective by the ES of —0.384 (P=.004) and -0.419 (P=.028), respectively.
However, compared with psychostimulant, PBT (19 trials, 1122 participants; ES=-0.308, P=.095) and the combination of
psychostimulant and PBT (7 trials, 441participants; ES=-0.196, P=.209) did not differ significantly.

Conclusions: Psychostimulant therapy surpassed non-stimulant pharmacotherapy and alternative/complement intervention.
Psychostimulant therapy, PBT, and the combination of psychostimulant therapy and PBT appear to be similar in efficacy
according to this meta-regression.
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Significance Statement

Attention-deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder among children and adolescents.
The right choice of ADHD treatment is always a major concern of parents. However, previous network meta-analysis of ADHD
efficacy by indirectly estimating effect size remains unclear in comparing the effects of pharmacotherapy, psychosocial inter-
vention, and alternative/complementary approaches. Understanding the treatment efficacy of ADHD by new meta-regression
analysis is an effective and exploratory analyses for heterogeneity according to the studies of cross-level interactions. This meta-
regression is eligible in directly comparing the effects of ADHD treatments by systemically reviewing the “interaction analysis” of
pharmacotherapy (psychostimulant and non-stimulant pharmacotherapy), psychosocial intervention, and alternative/comple-
mentary approaches. In conclusion, this meta-regression indicates that a combination therapy of psychopharmacotherapy and
parental behavioral therapy provides an evidence-based ADHD treatment model.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common
neurodevelopmental disorder (Polanczyk et al., 2007; Xu et al.,
2018). The possible consequences of inadequate treatment of
ADHD include antisocial personality disorders, substance-
related and addictive disorders (Yoshimasu, 2016), internet
addiction (Seyrek et al., 2017), and depression (Biederman
et al., 2008; Knouse et al., 2013). There are diverse ADHD
treatments, such as psychostimulant pharmacotherapy (me-
thylphenidate [MPH] and lisdexamfetamine), non-stimulant
pharmacotherapy (atomoxetine [ATX] and alpha-2 agon-
ists such as clonidine and guanfacine), psychosocial therapy
(parental behavioral therapy [PBT]), combination therapy
(psychostimulant plus PBT), and alternative/complementary
interventions.

In developed countries, the first choice of ADHD treat-
ment is pharmacotherapy, as indicated by ADHD treatment
guidance from the UK National Institute for Health and
Care Excellence (Hall et al., 2016), the British Association for
Psychopharmacology guidelines in the United Kingdom (Nutt
et al., 2007), and Multimodal Treatment Study of Children With
ADHD trial results in the United States (Wolraich et al., 2011).
In some developing countries, PBT and alternative/complemen-
tary therapies are prevalent. A more updated meta-analysis
methodology is needed to elucidate the effective treatment
of ADHD.

MPH has been reported to be effective for enhancing cog-
nition (Coghill et al., 2014) and reducing ADHD symptoms
(Reichow et al., 2013; Kambeitz et al., 2014), with an effect size
(ES) of 0.8-1.0 (Banaschewski et al., 2008; Faraone and Buitelaar,
2010). Moreover, the treatment effect of MPH sometimes can last
for a longer time (Maia et al., 2017).

Non-stimulant pharmacotherapy, ATX, also improves overall
ADHD symptoms (Michelson et al., 2001; Kelsey et al., 2004;
Cunill et al., 2013; Asherson et al., 2014; Handen et al., 2015) and
secondary outcomes (Schwartz and Correll, 2014). The mean
ES of ATX was 0.64 (Bloch, 2014). ATX also relieves symptoms
of oppositional defiant disorder in children with ADHD (Bangs
et al,, 2008; Dittmann et al., 2011; Asherson et al., 2015). Alpha-2
agonists can also treat ADHD (Hirota et al., 2014), with a mod-
erate ES of 0.58 (Cinnamon Bidwell et al., 2010). The result of a
meta-analysis and meta-regression of 87 randomized controlled
clinical trials of ADHD treatment showed that the efficacy of
pharmacological treatment for ADHD remained stable over time
(Castells et al., 2020). MPH appeared more effective than non-
stimulant pharmacotherapy (Padilha et al., 2018).

ADHD treatment guidelines established by The Multisite
Multimodal Treatment Study of Children with ADHD (Group,
1999; Wolraich et al.,, 2011) and the American Academy of

Pediatrics (Briars and Todd, 2016) suggest that pharmacotherapy
plus PBT is the most effective ADHD treatment (Atkinson and
Hollis, 2010; Wolraich, 2012; Golubchik et al., 2018). PBT, aiming
to shape the behavior of children, reduce parental stress, and
enhance parental confidence (Wang et al., 2014; Huang et al.,
2015; Lange et al., 2016; Mohammadi et al., 2016), has been dem-
onstrated to be effective in some studies (Charach et al., 2013;
Mulqueen et al., 2015) but not in others (Jadad et al., 1999; Brown
et al., 2005; Zwi et al., 2011; De Crescenzo et al., 2017). A previous
meta-analysis found that parenting behavior therapy had no
sustainable efficacy (Lee et al., 2012). Overall, pharmacotherapy
seemed more effective than psychosocial intervention (King
et al., 2006).

Alternative/complementary treatments interventions of
ADHD have not yet been accepted by the US Food and Drug
Administration. However, some parents refuse regular treat-
ments (Wilcox et al.,, 2007) and instead prefer alternative/com-
plementary options (Karpouzis et al., 2010; Tzang et al., 2013).
In this study, we regarded the pure cognition training (Cortese
et al., 2015), hippotherapy (Oh et al., 2018), fluoxetine hydro-
chloride (Van Waes et al, 2012), cinnamon aromatherapy
(Chen and Chen, 2008), EEG biofeedback (Chen et al., 2004), and
sandplay therapy (Qiaomin et al., 2010) as alternative/comple-
mentary treatments of ADHD.

A recent network meta-analysis showed that
psychostimulant treatment was more effective than placebo
by indirectly estimating the relative effects or a single pooled
treatment effect estimate of various interventions (Catala-Lopez
et al,, 2017). Instead of indirect estimation, interaction analysis
can show valid inferences and direct statistical contrasts be-
tween groups. Therefore, a better updated meta-regression
was recommended to directly compare the effects of ADHD
treatments by systemically reviewing the “interaction ana-
lysis” of pharmacotherapy (psychostimulant and non-stimulant
pharmacotherapy), psychosocial intervention, and alternative/
complementary approach.

Meta-regression is an effective tool for exploratory ana-
lyses of heterogeneity and for studies of cross-level interactions
(Bangdiwala et al., 2016). The heterogeneity can be reduced
through interaction analysis (stratified or sub-group analysis)
(Wang and Ware, 2013). Meta-regression can merge meta-
analysis and linear regression principles to better clarify the
linear relationship of various outcome measures and thereby
provide clinicians and healthcare decision makers with more
valuable information than meta-analysis (Baker et al., 2009).
In addition, different scales to measure ES may lead to incon-
sistent results (Furukawa et al., 2005; Catala-Lopez et al., 2017).
Unlike the studies on medication treatment, where the ratings



778 | International Journal of Neuropsychopharmacology, 2021

by parents and teacher were usually adopted as the outcome
measures, psychosocial treatment studies frequently utilized
a broader array of outcome measures (e.g., parent and teacher
ratings, observations of child behavior and parenting behavior,
academic outcome). Due to some limitations of the ordinary
meta-analysis, “updated meta-analysis” has been expected to
synthesize comparative outcomes for different comparisons be-
tween psychosocial and pharmacological/combined approaches
(Fabiano et al., 2015). Meta-regression is a statistical method that
can be implemented following a traditional meta-analysis and
regarded as its extension (Kelley and Kelley, 2012). Furthermore,
meta-regression is currently the only technique to overcome
invalid comparisons by merging meta-analysis of randomized
controlled trials and the use of combined data (linear regression
principle) to increase the statistical power of analysis from het-
erogeneity sources (Baker et al., 2009).

Importantly, meta-regression of randomized controlled
trials can provide clinicians with the confidence to choose
the right treatment option for ADHD (Impellizzeri and Bizzini,
2012; Rubinstein et al., 2019). This meta-regression aims to
determine ES of stimulant pharmacotherapy, non-stimulant
pharmacotherapy, parental behavior therapy (PBT), combin-
ation therapy, and alternative/complementary interventions.
According to “partial regression plots” in the linear regres-
sion course of applied statistics, this meta-regression aimed
to determine the ES of stimulant pharmacotherapy (MPH and
lisdexamfetamine), non-stimulant pharmacotherapy (ATX and
alpha-2 agonists), parental behavior therapy(PBT), combination
therapy(psychostimulant plus PBT), and alternative/comple-
mentary interventions, after adjusting confounding factors of
ADHD treatment type, study type, age, type of symptom scale,
and publication year.

Methods

Eligibility Criteria

Inclusion criteria included the following: a formal diagnosis of
ADHD, attention-deficit disorder, or hyperkinetic disorder with
any subtype being diagnosed in accordance with either DSM-IV
or ICD-10 criteria. Exclusion criteria included the following: pa-
tients with ADHD and a major neurological impairment, psych-

osis, major depressive disorder, or history of substance abuse
disorder.

Information Sources

Two authors (Y.C.C. and R.FET) independently searched
the MEDLINE and PubMed databases (National Center for
Biotechnology Information) from January 1980 to July 2018
for studies evaluating the efficacy and clinical outcomes of
pharmacotherapeutic and non-pharmacotherapeutic interven-
tions for children and adolescents with ADHD.

Search and Study Selection

The following keywords were used to identify relevant articles:
(clonidine OR guanfacine OR alpha 2 agonist* OR methylphen-
idate OR dextroamphetamine OR atomoxetine) AND (attention
deficit OR attention-deficit OR “attention-deficit disorder with
hyperactivity” OR ADHD OR ADD OR inattentive OR “hyper-
active™ OR hyperkinetic OR impulsivity*) AND (“treat” OR
“intervention® OR “therapy*” OR “psychotherapy*” OR “training™”
OR “program*” OR “workshop*”).

Papers that satisfied the inclusion criteria were selected for
comparing the treatment effects of pharmacotherapy, PBT, com-
bined intervention, and complementary and alternative ther-
apies for ADHD.

Data Collection Process

The following information was extracted from each study: the
last name of the first author, publication year, treatment type
(pharmacotherapy, behavior therapy, combined intervention, or
complementary and alternative therapies), primary outcome
measurement, baseline and endpoint mean and SD of primary
efficacy measures, mean age of total number of participants
in the study, type of symptom measurement scale, and study
quality.

The authors were contacted if data were missing, incom-
plete, or unclear. Only the available data were analyzed, without
imputing the missing data. Studies with insufficient data were
excluded (Table 1).

Data Items: Type of ADHD Treatment Options

Weincluded and re-coded the followinginterventions: (1) Treat_1,
pharmacotherapy with stimulant: MPH, lisdexamfetamine; (2)
Treat_2, pharmacotherapy with non-stimulant: ATX, alpha-2
agonist (clonidine or guanfacine); (3) Treat_3, PBT; (4) Treat_4,
combined intervention: psychostimulant + PBT; and (5) Treat_5,
other (complementary or alternative therapies): cognition
training, hippotherapy, fluoxetine hydrochloride, cinnamon
aromatherapy, EEG biofeedback, and sandplay therapy.

The standardized mean difference (SMD) is scaleless in stat-
istics. The current meta-regression therefore created a model to
describe the linear relationship between (both continuous and
categorical) study-level covariates and the ES. We applied the
particular definition of SMD used in Cochrane reviews for the ES
known in social science as Hedges’ (adjusted) g to express the
size of the intervention effect in each study relative to the vari-
ability observed in that study.

Data Items: Type of Symptom Measurement Scale

ES can be also influenced by the measurements used. To ex-
plore potentially influential factors and reduce heterogeneity,
the primary scales used to evaluate the ES were classified and
coded as follows: (1) Scale_1: Swanson, Nolan, and Pelham-1V,
IOWA Conners Rating Scale hyperactivity; (2) Scale_2: Conners
Parent (or Teacher) Rating Scale; (3) Scale_3: ADHD Rating
Scale-IV, ADHD Rating Scale, Daily Parent Rating of Evening
and Morning Behavior Scale; (4) Scale_4: Disruptive Behavior
Disorder Rating Scale, Conduct Disorder Score, Irritability
Scale, Turgay DSM-IV-Based Child and Adolescent Behavior
Disorders Screening and Rating Scale, Child Behavior Check List
Chinese, Aberrant Behavior Checklist, Barkley Home Situations
Questionnaire, Barkley School Situations Questionnaire,
Child Behavior Checklist, Difficulties in Emotion Regulation
Scale, Swanson, Nolan, and Pelham-IV Oppositional Defiant
Disorder, Eyberg Child Behavior Inventory; (5) Scale_5: Other
(e.g., reaction time, Home Situations Questionnaire, Conners
Continuous Performance Test II, Wechsler Memory Scale,
Integrated Visual and Auditory Continuous Performance Test,
mid-year school report cards). SMD is used as a summary stat-
istic in meta-analysis when the studies assess the same out-
come in a variety of ways (e.g., all the studies measured ADHD
but adopted different psychometric scales). As described



previously, there were 5 types of coded scales for evaluating
the treatment effects. In this circumstance, it was necessary
to standardize their measurements to a uniform scale before
their combination.

Synthesis of Results: Types of Study

The SMD has been the most commonly used ES for evaluating
treatment effect in randomized control trials. However, SMD is
significantly influenced by the choice of the control group, for
example, an active (e.g., MPH vs alpha-2 agonist) or placebo con-
trol. In the study designs that used 2 or more treatments and
compared with either an active or placebo control group, the
data were extracted by dividing the individual studies into sev-
eral appropriate and comparable groups.

To enable comparison, we classified the types of studies as
follows: (1) StudyType_1: for placebo control studies with both
pre- and post-tests in both groups, the SMD of Hedges’ g was
calculated using the change-related information (from pre-test
to post-test) in both treatment and control groups. We treated
active control studies as having 2 independent groups with
pre- and post-test information available and calculated each
group’s unbiased SMD of Hedges’ g according to StudyType_2. (2)
StudyType_2: single group with pre- and post-test information
available. We followed the recommendation by Rosenthal and
used a conservative estimate of r=.70 (Rosenthal, 1984). We then
used the mean changes and the standard errors of the changes
to calculate the unbiased SMD of Hedges’ g. (3) StudyType_3: 2
groups with only post-test information available. The unbiased
SMD of Hedges’ g was calculated in terms of SD of change of
the means and SDs of post-test from both treatment and con-
trol groups. (4) StudyType_4: a meta-analysis paper with only
an unbiased SMD of Hedges’ g and its standard errors. In this
study, we treated the types of study as a potential confounding
variable.

Quality Assessment and Risk of Bias in
Individual Studies

According to the Jadad scale guidelines (Oxford quality scoring
system), the quality of the randomized controlled trials can be
shown by Jadad scale. A score of 1 represents that it is easy to
use, 2 means it contains many of the important elements that
have been empirically shown to correlate with bias, and 3 indi-
cates that it has known reliability and external validity (Stephen
et al., 2005). Here, 2 authors (K.H.Y. and Y.C.C.) evaluated the
quality of the studies. The included trials were sorted and
scored according to randomization (0, 1, or 2), double blinding
(0, 1, or 2), and recording of dropouts and/or withdrawals (0 or
1); a score >3 was indicative of high quality (Jadad et al., 1996).
Non-randomized studies were coded as “NR” and excluded from
evaluation of impact on treatment effect.

The risk of bias was evaluated by funnel plots and Egger’s re-
gression intercept tests. The goodness-of-fit indices of the fitted
model were presented by 2 values and 1 plot; I-squared residual
(residual variation due to heterogeneity), adjusted R-squared
(the proportion of between-study variance explained by the
model), and meta-regression plot.

Summary Measures

Meta-regression is an extension to subgroup analyses that al-
lows the effect of continuous, as well as categorical, character-
istics to be investigated and in principle allows the effects of
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multiple factors to be investigated simultaneously. Therefore,
even the continuous, as well as categorical, characteristics were
investigated to explore their unbiased efficacy.

The primary outcomes of all included studies contained
various types of evaluation scales. As described previously,
there were 5 types of coded scales used to evaluate treatment
effects. Each scale type featured its unique format, but all had
the same evaluation purpose for ADHD treatment. SMD is used
as a summary statistic in meta-analysis when the studies all
assess the same outcome but measure it in a variety of ways.
ES obtained from different evaluation scales were transferred
into the Hedges’ g, where a larger ES value represented more
improvement. Such conversions aided interpretation of the
meta-regression.

The independent variables were publication year, mean age,
and the abovementioned re-coded treatment types (Treat_1
to Treat_5), scale types (Scale_1 to Scale_5), and study design
(StudyType_1 to StudyType_4). The level of significance was set
at P<.05.

Statistical Analysis

All meta-analyses were conducted using STATA v.13.0 software
(StataCorp, College Station, TX, USA). We first used the fixed ef-
fects meta-analysis to evaluate the pooled ES. Random effects
meta-analysis followed if inter-study heterogeneity was highly
significant.

Following the meta-analysis of random effects, the meta-
regression analyses were used to explore and compare factors
potentially influencing treatment efficacy. The dependent vari-
able was the SMD of Hedges’ g, assessed according to the afore-
mentioned 4 types of study design. The independent variables
were publication year, mean age, and abovementioned re-coded
treatment types (Treat_1 to Treat 5), scale types (Scale_1 to
Scale_5), and type of study design (StudyType_1 to StudyType_4).
The level of significance was set at P<.05.

Results

A total of 107 trials (reported in 33 papers, n=9883 participants)
met the inclusion criteria and had data amenable to analysis.
The mean age ranged from 3 to 17.33 years. Owing to various
treatment methodologies and/or treatment effect assessments
included, the results were unsurprisingly heterogeneous. The
heterogeneity of the meta-analysis was found to be highly sig-
nificant (chi-squared=1583.91, d.f.=186, P<.001). The index of
variation in ES attributable to heterogeneity, I-squared, was
88.3%. To account for the heterogeneity among the studies, the
random effect’s meta-analysis was used to estimate the pooled
ES. The estimated pooled ES was equal to 0.642 with 95% confi-
dence interval=[0.557, 0.726] and the estimate of between-study
variance, tau-squared=0.2826. The results of the funnel plot
showed that there was a mild-moderate publication bias (Figure
1). The result of Egger’s test for small study effects was signifi-
cant (P<.001).

We further employed the meta-regression analysis to in-
vestigate the possible sources of heterogeneity among the 107
included trials. The results of univariate meta-regression ana-
lysis are presented in Table 2 (with other factors’ effects being
ignored): (1) the ES significantly increased gradually with re-
spect to publication year (ES=0.014 units/year, P=.031); (2)
the ES decreased gradually with respect to the mean age of
ADHD children, although it only reached borderline signifi-
cance (ES=-0.041, P=.058); (3) the ES of Treat_2, Treat 3, and
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Table 1. Characteristic of Included Papers

Study Year Clinical studies included, No. Mean age, y Participants, No. JADAD score
Cahill 2014 21 7.70~17.33 1126 —
Charach 2013 14 3.00~5.33 691 —
Maia 2014 7 8.20~9.84 348 —
Kelsey 2004 1 9.47 186 4
Huang 2015 1 8.40 97 NR
Bangs 2008 1 9.56 221 3
Michelson 2001 1 11.19 292 5
Handen 2015 1 8.13 99 5
Reichow 2013 7 4.80~10.00 222 2~5
Hirota 2014 11 9.20~12.60 2137 —
Cortese 2015 13 6.63~14.50 677 -
Tang 2007 6 9.50~10.50 1217 3~4
Ghuman 2009 1 5.02 12 NR
Biederman 2007 3 9.91 345 2
Newcorn 2006 1 10.55 224 2
Fan 2011 1 10.00 66 NR
Gu 2013 1 8.50 34 NR
Mohammadi 2016 1 9.00 47 3
MTA 1999 1 8.50 579 5
Golubchik 2018 1 10.09 28 1
Winters 2018 1 12.00 22 NR
Yunhye 2018 1 8.16 32 1
Ghajar 2018 1 8.28 25 5
Gamli 2018 1 14.90 82 NR
Newcorn 2017 1 14.70 807 3
Chen 2007 1 10.01 33 2
Lin 2007 1 8.63 76 1
Chen 2008 1 4.02 20 1
Jiang 2008 1 10.40 20 NR
Zhang 2009 1 10.55 20 NR
Cao 2009 1 10.80 28 NR
Wang 2010 1 9.00 30 2
Rejani 2012 1 7.50 40 1
Abbreviations: NR, non-randomized study.
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Figure 1. Funnel plot.
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Table 2. Results of Univariate Meta-Regression Analysis

SMD Coefficients Std. err. t P value 95% Confidence interval
Treat_2 vs Treat_1 -0.092 0.124 -0.740 457 -0.337 0.152
Treat_3 vs Treat_1 -0.030 0.153 -0.200 .842 -0.331 0.270
Treat_4 vs Treat_1 0.256 0.173 1.400 .140 -0.005 0.597
Treat_5 vs Treat_1 -0.151 0.150 -1.010 314 -0.447 0.144
Scale_2 vs Scale_1 0.807 0.197 4.10 <.001 0.418 1.195
Scale_3 vs Scale_1 0.028 0.123 0.230 .814 -0.213 0.271
Scale_4 vs Scale_1 0.010 0.141 0.070 942 -0.270 0.290
Scale_5 vs Scale_1 -0.434 0.139 -3.120 .002 -0.709 -0.156
StudyType_2 vs StudyType_1 0.435 0.108 4.020 <.001 0.221 0.649
StudyType_3 vs StudyType_1 0.107 0.140 0.770 444 -0.160 0.383
StudyType_4 vs StudyType_1 -0.083 0.147 -0.560 .573 -0.373 0.208
Publication Year 0.015 0.007 2.280 .024 0.002 0.029
Age -0.042 0.021 -1.950 .053 -0.084 0.001

Abbreviations: SMD: Standardized Mean Difference; Std. Err.: Standard Error; Scale_1:Swanson, Nolan, and Pelham-IV (SNAP-IV); Scale_2: Conners’ Parent (or Teacher)
Rating Scale (CPRS or CTRS); Scale_3: ADHD Rating Scale-IV (ADHD-RS), ARS (ADHD Rating Scale), DPREMB-R (the Daily Parent Rating of Evening and Morning Behavior
Scale); Scale_4: Disruptive Behavior Disorder rating scale (DBD-RS), conduct disorder score (20), Irritability scale, T-DSM-IV-S (Turgay DSM-IV-Based Child and Adolescent
Behavior Disorders Screening and Rating Scale), CBCL_C (the Child Behavior Check List_Chinese), ABC (Aberrant Behavior Checklist), HSQ (Barkley’s Home Situations
Questionnaire), SSQ (Barkley’s School Situations Questionnaire), CBCL (Child Behavior Checklist), DERS (Difficulties in Emotion Regulation Scale), SNAP-IV ODD, ECBI
(Eyberg Child Behaviour Inventory); Scale_5: Others: (Reaction time, HSQ (Home Situations Questionnaire), CPT-II (Conners’ Continuous Performance Test II), WMS
(Wechsler Memory Scale ), IVA-CPT (Integrated Visual and Auditory- Continuous Performance Test); Mid-year school report cards.Treat_1: METHYLPHENIDATE (MPH) or
Lisdexamfetamine; Treat_2: Atomoxetine (ATX) or Alpha-2 agonist (clonidine) or Guanfacine; Treat_3: Parents Behavior Training (PBT); Treat_4: Medication (MPH, ATX
or Alpha-2) + PTB (parents behavior training); Treat_5: Others (Cognition Training, Hippotherapy, Fluoxetine Hydrochloride, Cinnamon aromatherapy, EEG Biofeedback,
Sandplay Therapy); t: t distribution.

Table 3. Results of Multiple Meta-Regression Analysis

SMD Coefficients Std. Err. t P value 95% Confidence Interval
Treat_2 vs Treat_1 -0.384 0.133 -2.880 .004 -0.648 -0.121
Treat_3 vs Treat_1 -0.308 0.183 -1.600 .095 -0.670 0.054
Treat_4 vs Treat_1 -0.196 0.156 -1.260 .209 -0.504 0.111
Treat_ 5 vsTreat_1 -0.419 0.190 -2.210 .028 -0.794 -0.045
Scale_2 vs Scale_1 0.750 0.190 3.950 <.001 0.375 1.124
Scale_3 vs Scale_1 0.384 0.139 2.750 .007 0.109 0.659
Scale_4 vs Scale_1 -0.085 0.143 -0.600 .552 -0.368 0.198
Scale_5 vs Scale_1 -0.504 0.150 -3.360 .001 -0.801 -0.208
StudyType_2 vs StudyType_1 0.333 0.113 2.940 .004 0.110 0.556
StudyType_3 vs StudyType_1 0.408 0.149 0.270 785 -0.253 0.335
StudyType_4 vs StudyType_1 -0.199 0.188 -1.060 291 -0.570 0.172
Publication Year 0.003 0.007 0.480 .631 -0.011 0.017
Age -0.059 0.025 -2.330 .021 -0.109 -0.009

Abbreviations: SMD: Standardized Mean Difference; Std. Err.: Standard Error; Scale_1:Swanson, Nolan, and Pelham-IV (SNAP-1V); Scale_2: Conners’ Parent (or Teacher)
Rating Scale (CPRS or CTRS); Scale_3: ADHD Rating Scale-IV (ADHD-RS), ARS (ADHD Rating Scale), DPREMB-R (the Daily Parent Rating of Evening and Morning Behavior
Scale); Scale_4: Disruptive Behavior Disorder rating scale (DBD-RS), conduct disorder score (20), Irritability scale, T-DSM-IV-S (Turgay DSM-IV-Based Child and Adolescent
Behavior Disorders Screening and Rating Scale), CBCL_C (the Child Behavior Check List_Chinese), ABC (Aberrant Behavior Checklist), HSQ (Barkley’s Home Situations
Questionnaire), SSQ (Barkley’s School Situations Questionnaire), CBCL (Child Behavior Checklist), DERS (Difficulties in Emotion Regulation Scale), SNAP-IV ODD, ECBI
(Eyberg Child Behaviour Inventory); Scale_5: Others: (Reaction time, HSQ (Home Situations Questionnaire), CPT-II (Conners’ Continuous Performance Test II), WMS
(Wechsler Memory Scale ), IVA-CPT (Integrated Visual and Auditory- Continuous Performance Test); Mid-year school report cards.Treat_1: METHYLPHENIDATE (MPH) or
Lisdexamfetamine; Treat_2: Atomoxetine (ATX) or Alpha-2 agonist (clonidine) or Guanfacine; Treat_3: Parents Behavior Training (PBT); Treat_4: Medication (MPH, ATX
or Alpha-2) + PTB (parents behavior training); Treat_5: Others (Cognition Training, Hippotherapy, Fluoxetine Hydrochloride, Cinnamon aromatherapy, EEG Biofeedback,
Sandplay Therapy); t: t distribution.

Treat_5 were, on average, 0.092, 0.030, and 0.151 units lower
than that of Treat_1, respectively, although all of these results
were not statistically significant. On the other hand, the ES of
Treat_4 was 0.256 units higher than that of Treat_1, with P=.140
(insignificant).

The impacts of types of treatment, types of evaluation scale,
and types of study on treatments efficacy were mutually af-
fected (P values of all 3 Fisher’s exact tests<.001, not shown).
Therefore, to evaluate the impact of any 1 of these 3 factors on
treatment efficacy, we simultaneously adjusted for the effects of
other 2 factors.

Accordingly, to compare the treatment effects among all col-
lected intervention methods after adjusting for the effects of
other potential factors (types of scale, types of study, publication
years, and mean age), the multiple meta-regression analysis was
used (Table 3). After adjusting for the effects of publication year,
age, types of evaluation scale, and types of study, the treatment
effect (in terms of ES) of Treat_1 (MPH or lisdexamfetamine) was
the highest among the 5 classified treatments. More specifically,
compared with Treat_1, the ES of Treat_2 (ATX or Alpha-2 agonist
[clonidine] or guanfacine) and Treat_5 (Others) were 0.384 and
0.419 units, respectively, significantly less than that of Treat_1
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Figure 2. The meta-regression plot of SMD as a function of the linear predicted values (adjusted R?=35.22%); the circles are in proportion to the study weights in the

meta-regression.

(P =.004 and .028, respectively). It is worth mentioning that
the PBT alone (Treat_3, PBT) and combined treatment (Treat-4,
Medication + PBT) were 0.308 and 0.196 units less effective, re-
spectively, than Treat_1, although the results were insignificant
(P =.095 and .209, respectively).

The corresponding residual variation due to the heterogen-
eity for this meta-regression, the I-squared residual, was 85.97%.
The proportion of between-study variance explained by the
meta-regression model, adjusted R-squared, was 35.22%. The
corresponding meta-regression plot is shown in Figure 2. The
risk of bias was evaluated by funnel plots and Egger’s regression
intercept tests for bias. The result of Egger’s test showed that
the publication bias was significant (t=4.48, P<.001) (Figure 1).
In other words, there existed some potential publication bias in
this study.

Discussion

To date, clinicians struggle to balance benefits and costs of
various interventions of ADHD (Wolraich et al., 2011, 2019).
This meta-regression, including 9883 participants in 107 trials
published on Medline and PubMed between January 1999 and
July 2018, compared the ES of various treatments for ADHD in
children and adolescents. These treatments included pharma-
cotherapy (psychostimulant and non-psychostimulant),
psychosocial intervention (PBT), combined intervention
(psychostimulant plus PBT), and other alternative/complemen-
tary therapies.

Previous studies on ADHD treatments sometimes met dif-
ficulties, such as heterogeneity across outcome measures and
tests (Jadad et al., 1999). Catala-Lopez et al. (Catala-Lopez et al.,
2017) analyzed 190 randomized controlled trials on ADHD
among children and adolescents until 2016. They demonstrated
that pharmacotherapy was more effective than a placebo and
suggested that more updated meta-analysis would be needed
for managing heterogeneity among studies. Therefore, the cur-
rent meta-regression overcame the heterogenous nature of

various treatments and focused on 107 randomized controlled
trials, which were reported in 33 papers.

The findings of the current study appear clinically instructive.
After adjusting for confounding variables, psychostimulant
medication was significantly more effective than non-stimulant
treatment (P=.004) and complementary and alternative inter-
vention (P=.028) (Table 2). However, psychostimulant therapy
did not significantly differ from PBT or combination therapy of
psychostimulant and PBT (Table 2). Also, diagnosis and pharma-
cotherapy of ADHD may have varied with the publication years,
which, therefore, impacted the ES. In accordance, publication
year as well as race, means of statistical analysis, study de-
sign, publication year, performing year, and geographical setting
were found to confound the effect estimate in a previous study
(Blettner et al., 2014). Likewise, the publication year also influ-
enced the ES of a depression study (Juliane and Peter, 2012). We
also found that,ignoring other factors’ effects, the ES significantly
increased with respect to the publication year (ES=0.015 units/
year, P=.024). Therefore, the current meta regression adjusted
the confounder of publication year to obtain an unbiased ES.

In addition to psychostimulants (Currie et al., 2014; Visser
et al,, 2016), parent-based interventions have been effective in
improving behaviors of children with externalizing behavior
problems (Mingebach et al., 2018). Behavior psychotherapy
protocols have shown their values in improving complicated
emotional symptoms of children (Ptacek et al., 2014; Wang et al.,
2014). For ADHD children with oppositional defiant disorder, dis-
ruptive mood dysregulation disorder, and stressful parent-child
relationships, combining psychostimulants with PBT may be
needed (Latimer et al., 2012). Past research also showed that PBT
was able to enhance pharmacotherapy by increasing positive
interaction and ensuring good healthcare quality (Mulqueen
et al.,, 2015; Lange et al., 2016).

Since the remission rate from pharmacotherapy by osmotic-
release oral system-MPH remains between 44% (Swanson
and Hechtman, 2005) and 66.1% (Chou et al., 2009), whether
combining pharmacotherapy with PBT or psychoeducation
can increase the remission rate deserves study. Treatment



compliance may be increased and parenting stress relieved
if pharmacotherapy to change symptoms and parenting
programs to change behavior and emotional disturbance are
combined (Wang et al., 2014). Future randomized controlled
studies are needed to compare the efficacy of different parental
interventions for ADHD. However, unlike studies of pharmaco-
therapy for ADHD, where only parents’ and teachers’ ratings
of ADHD symptoms were primarily used as outcome meas-
ures, studies of psychosocial treatments such as PBT utilized
a broader array of outcome measures (e.g., parent and teacher
ratings, observations of child behavior and parenting behavior,
academic outcome). Therefore, it has been suggested that “up-
dated meta-analysis” can be used to synthesize comparative
outcomes across different measurements between psycho-
social and pharmacological/combined approaches (Fabiano
et al.,, 2015). The current study is valuable in overcoming the
heterogeneity problem to explore the effect estimates of
various treatment interventions. Such an updated meta regres-
sion study may provide ADHD clinician with more evidence in
choosing suitable therapy modalities for ADHD.

Limitations

There were some limitations in this study. The mean age of the
study population ranged from 5.2 to 17.7 years. There may have
been informant rater problems affecting the treatment effects
(Sonuga-Barke et al., 2013). We planned to identify all treatment
options across Western and Eastern practices, but articles in local
languages may have been missed. Most of the alternative therapies
included here were conducted in China; the generalizability of the
findings remains uncertain. In addition, we regarded stimulants
and non-stimulants as pharmacotherapy for ADHD. Fluoxetine is
not allowed for treatment of ADHD, while some studies used it as
an alternative intervention for ADHD in children. We also regarded
it as one of the alternative treatments. Partly because only me-
thylphenidate has been available in Taiwan, in the current study,
stimulant treatments were represented by methylphenidate and
lisdexamfetamine instead of other stimulant medication for
ADHD commonly used in The States like Dextroamphetamine,
Adderall. Finally, we did not analyze differences between short-
and long-acting formulations or dosage and intensity of pharma-
cological and non-pharmacological treatments.

Conclusions

Although there are many therapies available for ADHD, compara-
tive efficacy for different treatments remains unclear based on
previous meta-analyses. The current study systematically meta-
regressed the ES of various treatments for ADHD and overcame
heterogeneity among ADHD studies. It is also the first, to our
knowledge, to attempt to examine all published meta-analyses
and randomized control trials on multitudinous treatments for
ADHD. The results showed that the psychostimulant surpassed
non-stimulant pharmacotherapy and alternative/complemen-
tary interventions. Psychostimulant therapy, PBT, and a com-
bination of psychostimulant and PBT appeared to be similar in
their efficacy according to this meta-regression. Our findings will
help clinicians, healthcare providers, parents, and caregivers in
choosing treatment for ADHD in children or adolescents.
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