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- ADHDRYBKER 8 1E
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Frontal cortex
@9 Parietal cortex
Supplementary motor cortex
@ Accumbens nucleus
@» Thalamus
© " Basal ganglia
Cerebellum

—>» Fronto-cerebellar network
—» Fronto-striatal network
—>» Executive function network
—>» Attentional network

Reproduced with kind permission.
Purper-Ouakil P, Ramoz N, Lepagnol-Bestel AM, et al, Pediatr Res 2011; 69: 69R-76R/




B =2 1 background knowledge

1 Dopamine releases in the prefrontal cortex and

basal ganglia during sports activities.
(Foley and Fleshner et al., 2008)
(McMorris et al.,2009)
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TER I RIREYRIRI B & 10 (PICO)

5% #%/E&8 (Population/Problem)
Children diagnosed with ADHD (DSM-III or IV)
7T AF&HE (Intervention)

Physical exercise (aerobic/ yoga programmes)
EE#X (Comparison)
[Physical exercise+ medication] and [medication+(education)]

45 5R (Outcomes)

Attention, hyperactivity, impulsivity, anxiety, executive function, social

disorders

Conners’ Parent Rating Scale, CPRS

State-Trait Anxiety Inventory for Children, STAI-C
Wisconsin Card Sorting Test, WCST

The Stroop Test

Child Behavioral Checklist, CBCL

Social Skills Rating System, SSRS
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RV EEsZ2 I EeE_BEFEHNERE
(0 : Medline, Cochrane ZHEZZREER
B, EMBASE 55) - WWHM LR S|IBREES
R ERM R - Web of Science, Scopus =X
Google Scholar) - A BEFiIFEHE - VEES
EARIEREAY - wEERREERA MeSH 25
E— s 253 = (text words) -

Literature search

Five databases covering the period up to November 2014
(PubMed, Scopus, EMBASE, EBSCO |E-journal, CINAHL and

Senrﬂ)iscus] and The Cochrane Library) were searched. In

addition, the reference lists and related links of retrieved

articles were examined to detect studies’ potentially eligible
references for inclusion. Grey literature search was conducted
in congress articles, university research and other electronic
media. We developed a sensitive search strategy for each
individual database (Supporting Information File 1).
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Asessment of Risk of Bias in Included Studies

Quality assessment

Two review authors (A.].C. and A.G.) independently assessed

the risk of bias of each included study in accordance with

methods recommended by The Cochrane Collaboration

(Higgins et al. 2011). The quality assessment was performed
using the Review Manager program (Update Software, Oxford)
for assessing the risk of bias in RCT (Higgins et al. 2011;
Savovic et al. 2014).
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Methodological quality of studies

The overall quality of the studies that met the inclusion criteria

is low; two studies that have quality indicators that are all ‘low
L

risk’ or ‘unclear’ bias are considered as average quality (Chang
et al. 2012; Choi et al. 2015), and the remaining six studies that
have some quality indicators that are ‘high risk’ are considered
as low quality (Tantillo et al. 2002; Mackune et al. 2003; Jensen
& Kenny 2004; Kang et al. 2011; Verret et al. 2012; Pontifex
et al. 2013). Table 2 and Supporting Information File 2 outline
the risk of bias assessments in domains for the included studies.

58 (Appraisal)

BIRAE

Support for judgments is provided in Supporting Information
File 3. Only four studies reported a process of randomization
(Jensen & Kenny 2004; Kang et al. 2011; Chang et al. 2012;
Choi et al. 2015). Blinding is unknown in all studies, and this
may be an important bias; a recent study showed that effective
non-pharmacological treatments for ADHD are influenced
significantly by the nature of the evaluator so that unblinded
interventions are not effective (Sonuga-Barke et al. 2013). In
one study (Mackune ef al. 2003), the number of result data was
insufficient. In four studies (Kang et al. 2011; Chang et al. 2012;
Pontifex et al. 2013; Choi et al. 2015), other inconveniences
that might pose a risk of serious bias is not found.
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Table 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study

52128 (Appraisal)

Random Blinding of Blinding of Selective

sequence Allocation participants outcome Incomplete reporting

generation concealment and personnel assessment outcome data (reporting Other
Study (selected bias) (selection bias) (performance bias) (detection bias) (attrition bias) bias) bias
Aerobic programmes
Tantillo and colleagues (2002) High risk Unclear Unclear Unclear Low risk High risk Unclear
Kang and colleagues (2011) Low risk Unclear Unclear Unclear Low risk High risk Low risk
Chang and colleagues (2012) Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Verret and colleagues (2012) Unclear Unclear Unclear Unclear Low risk Unclear High risk
Mackune and colleagues (2003) High risk Unclear Unclear Unclear Unclear High risk High risk
Pontifex and colleagues (2013)  High risk Unclear Unclear Unclear Low risk High risk Low risk
Choi and colleagues (2015) Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Yoga programmes
Jensen and Kenny (2004) Low risk Unclear Unclear Unclear Low risk High risk High risk
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Study selection

The criteria for inclusianlwere as follows: (i) patients (children
and/or adolescents aged 6-18 years diagnosed with ADHD and

regular medication); (ii type of studz (RCT, in which the
control group received no PE interventiﬂnll; (iii) type of

intervention (PE programmes); (iv) main outcome (we selected
those studies evaluating ADHD symptoms, taking into account
primary outcomes, such as inattention, hyperactivity and

impulsivity, and secondary outcomes that include related

ADHD symptoms such as anxiety, executive function, social
disorders and cognitive performance); (v) diagnostic criteria
(Conners or DSM in any of its editions); and (vi) language

Ilalllanﬁuaﬁes were acceBtedE. Because of the intensity and type

of exercises, we decided to categorize programmes in aerobic
and yoga (considered as complementary and alternative

medicine) (Barnes et al. 2008). Finally, no restrictions on

frequency or duration of training were imposed. Theq exclusion

criteria were as follows: (1) interventions in which exercise was

part of a multicomponent therapy involving a combination of

exercise and alternative therapy; (ii) studies with a low quality
(four or more hiﬁh-risk bias Eoints}; and (i11) those studies that

were limited to testing the effect of exercise on improving
physical ability or aerobic or gross motor. The search was
conducted between 20 and 30 November 2014,

Two authors (A.].C. and A. G.) independently screened the
titles and abstracts of retrieved studies identified by the search
strategy; in a second step, these potentially eligible studies were
re-evaluated in the full text. In case of disagreement, a third
author (M. S.) proceeded to read the entire article and resolved
the discrepancy.
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Figure 1. Flowchart for the selection of studies.
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Std. Bean Difference
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5': L%%I;éoutcome

Study or Subgroup 5td. Mean Difference SE Weight IV, Random, 95% CI Year IV, Random, 95% CI

Attenton
Kang and colleagues (2011) 1178 0407 20.5% 118 [0.38,1.98] 201 —
Chang and colleagues (21 2) 0471 0325 321.2% 047 [-07,1.91] 2012 T
Wierrel and colleaguas (20132) 1.21 04806 13.3% 1.4 [0.22,2.20) 2012 _—
Mackune and colleagues (2013) 1295 055 11.2% 1,20 [0.22,2.37) 2013
Choi and colleagues (2015) 0614 D3IBT 22.7% 061 [[0.14,1.37] 2015 e
Subtotal (95% CI) 100.0% 0.84 [0.48, 1.20] A
Heterogenelty Taw®= 0,00, Chi*= 354 df= 4 (P=047), F=0%
Testfior cvarall efect 2= 455 (P = 0.00001)

—  P<0.00001

Hyperactivity
Kang and collgagues (2011) 0511 0365 529% 0.5 [0.20,1.23] 2011 T——
Choi and colleagues (201 5) 0614 DIBFT 471% 061 [0.14,1.37] 2015 ——
Subtotal (95% CI) 100.0% 0.56 [0.04, 1,08] e
Helerogeneily: Tau® = 0,00; Chi*= 004, di=1 (P = 0.85); F= 0%
Testfor overall effect Z= 2,11 (P = 0.04)

. P=0.04

Impulaivity
Kang and colleagues (2011) 0.511 0365 52.9% 0.5 [0.20,1.23] 2011 -+——
Choi and collzagues (2015 0614 0387 471% 061 [0.14,1.37 2015 —
Subtotal (95% CI) 100.0% 0.56 [0.04, 1.08] .
Hetlerogenelly: Taw®= 0.00; Chi*= 0.04, df=1 (P = 0.89), F= 0%
Testfor overall effect Z= 211 (P=0.04

P=0.04
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Anxiety
Tantillo and colleagues (2002) 0843 0338 632% 0.34[0.18,151] 2002 ——
Verret and colleagues (2012) 0.341 0443 368% 0.34[0.53,1.21) 2012 —r—
Subtotal (95% CI) 100.0% 0.66 [0.13, 1.18] -
Heterogeneity Tau*= 0.00; Chi*=081,df=1 (P=037). P=0%
Testfor overall effect 2= 245 P =0 Olz P_o OI
Executive function ¢
¥ang and colleagues (2011) 0805 038 305% 081 (008,155 2011 I
Chang and colieagues (2012) 022 0318 423% 0.22(-040,084] 2012 —Ti—
Chol and colleagues (2015) 0876 0404 272% 088[0.08,167] 2015 —
Subtotal {95% Ci) 100.0% 0.58 [0.15, 1.00) -
Heterogeneity Tau®= 0.01, Chi*= 217, df= 2 (E=0234\ E= 2%
Test for overall effect: Z= 2 65 (P = 0.008)
— P=0.008
Social disorders
Kang and colleagues (2011) 0413 0361 638% 0.41[0.28,1.12) 2011 i
Verret and colleagues (2012) 0912 0479 36.2% 091 [-0.03,1.85 2012 AT,
Subtotal (95% CI) 100.0% 0.59 [0.03, 1.16] —stiGn
Heterogenelty. Tau*= 000, Chi*=069,dr=1 (P=041),F=0%
Test for overall effect. Z= 2.06 (P = 0.04)
P=o.o4 + 4 3 4
-2 -1 0 1 2

Test for suharoun diferencas’ Chi= 1 42 df= & (P =N A7) F=N% Favours [control] Favours [exercise]

Figure 2. Effects of the aerobic exercise programmes on symptoms and/or problems.
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Assessment of heterogeneity

The heterogeneity of the studies was assessed using Cochran’s
Q-statistic applied to the SMD (Higgins et al. 2003) and y~ test.
The percentage of total variation across the studies due to
heterogeneity was determined using I°. The magnitude of the
inconsistency was assessed as follows: small if 0<I°<25%,
medium if 25% < I<50% and large if I >50% (Higgins &
Thompson 2002).
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Sublstal (95% CI) -
Heterogenelly Tau"= 0.00; Chi*= 354, df= 4 (P= 0.47), P=0% | | S'Z j‘j‘ = 0%
Test for overall effect: 7= 4.55 (P = 0.00001) 0

Hyperactivity
Kang and colleagues (2011) 0511 0365 529% 0.51 [-0.20,1.23 2011 ——
Choi and colleagues (2015 0614 D3BT 47.1% 0.61 [0.14,1.37] 2015 -
subtotal (85°% CI) _190.0% ___0.56[0.04,1,08) -
Helerogeneily: Tau®= 0.00; Chi®= 004, df=1 {F= 085); F= 0%
Test for overall effect Z= 2.1 (P = 0.04) | SFT:T: 0%

Imipu sivity
Kang and colleagues (201 1) 0511 D365 520% 051 [-0.20,1.23] 2011 -—
Choi and colleagues (2015) 0614 0387 47.1% 061 [014,1.37) 2015 ——
Subtotal (95% CI) A0 DGR IN0A 1 05 -
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df= 1 (P = 0.85); F= 0% <17 — MO
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Angiety
Tantillo and colleagues (2002) 0843 0338 63.2% 0.84[0.18,1.51] z002 ——
werrel and colleagues (2013) 0.341 0443 36.6% 0.34 [-0.53,1.21] 2012 — T
Subtotal (95% CI) NARINAY 11 -
Heterpgeneity: Taw®= 0,00; Chi*=0.81, df=1 P= 037}, F=0% N7 7‘3— — 0
Testfor pwerall effect 2= 2 45 (P = 0.01) I :I: — 0 A)

Executide function
Kang and colleagues (2011) 0B0s 038 30.5% 031 (006 1.55 2011 ——
Chang and colleagues (201 2) 022 0318 42.3% 0.22[-0.40,0.84] 2012 —T—
Chol and colleagues (2015 0876 0.404 27.2% 0,88 [0.08,1.67] 2015 —
Subtotal (95% CIj 1 040.0% 0.58 [0.15, 1.00 e 3
Helerogeneily TawF= 0.01: Chf= 217, df= 2 (P = 0.34), F= 8%
Test for overall effect: Z= 2 65 (P = 0.008) | SIZ 7‘5 =8 %

Social disorders
Kang and colleagues (2011) 0413 0361 G38% 0.41[-0.28,1.17] 2011 -+
Werret and colleagues (2013) 0912 D4ATY 36.2% 0.91 [-003 1.85 2012 -
Sublotal (95% CI) 100.0% 0.59 [0.03, 1.16] .
Helerogenelly: Tau®= 0.00; Chi*= 0.69, df=1 P=041); F=0%
Test for overall effect: Z= 2.06 (P = 0.04 \[7 —

el | £H5=0%
2 - 0 1 2

Trstfnr subarnup diferences Chis= 1 43, 0= & (P =0 A7), F= 1%

Figure 2. Effects of the aerobic exercise programmes on symptoms and/or problems.
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Aerobic exercise had a moderate to large effect on

core symptoms such as attention (SMD = 0.84),
hyperactivity (SMD = 0.56)

impulsivity (SMD = 0.56)

anxiety (SMD = 0.66)

executive function (SMD = 0.58)

social disorders (SMD = 0.59)

Yoga exercise suggests an improvement in the core
symptoms of ADHD.
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=\ 5 ( DiSCUSSiOh) Frequ.ency: 2~5 iim.es/V\./eek
Duration: 20~90 mins/time, 6~10 weeks
25 | Intensity: moderate aerobic exercise
(50~75%* maximal HR)

Table 1.

Intervention features

Se Intensity Diagnostic criteria

Duration  Frequency  duration (MHR) Adh

sudy  BUTEJAIECER (weeks)  (Seiweek) (min) (9%) (%)  ADHD
Aerobic programmes
Tantillo and colleagues (2002 ] 2 MET* 65=75" 100 DSM IR
Kang and colleagues (2011) 6 2 90 NR 8750 DSM IV
Chang and colleagues (2012) ] ] 30 50-70" 100 DSM IV
Verret and colleagues (2012) 10 3 45 77 8571  DSM IV
Mackune and colleagues (2003) 5 5 55 50=75 100 DSM 1R
Pontifex and colleagues (2013) 1 1 20 65=75 100 DSM IV
Choi and colleagues (2015) 6 3 90 a0 B571  DSM IV
Yoga programmes
Jensen and Kenny (2004) 20 1 60 MR 7368 DSM IV
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