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KEYWORDS Abstract

Chess; Objective: To examine the effectiveness of playing chess as a treatment option for children
ADHD; with ADHD.

Treatment Methods: Parents of 44 children ages 6-17 with a primary diagnosis of ADHD consented to take

part in the study. Parents completed the Spanish version of the Swanson, Nolan and Pelham
Scale for parents (SNAP-1V) and the Abbreviated Conner’s Rating Scales for parents (CPRS-HI)
prior to an 11-week chess-training program. We used a paired t-test to compare pre- and post-
intervention outcomes, and Cohen-d calculations to measure the magnitude of the effect. The
statistical significance was set at p<.05.

Results: Children with ADHD improved in both the SNAP-IV (t=6.23; degrees of freedom
(df)=41; p<.001) and the CPRS-HI (t=5.39; df =33; p<.001). Our results suggest a large effect
in decreasing the severity of ADHD as measured by the SNAP-IV (d=0.85) and the CPRS-HI
(d=0.85). Furthermore, we found a correlation between intelligence quotient and SNAP-IV
improvement (p <.05).

* Please cite this article as: Blasco-Fontecilla H, Gonzalez-Perez M, Garcia-Lopez R, Poza-Cano B, Perez-Moreno MR, de Leon-Martinez
V, et al. Eficacia del ajedrez en el tratamiento del trastorno por déficit de atencion e hiperactividad: un estudio prospectivo abierto. Rev
Psiquiatr Salud Ment (Barc). 2016;9:13-21.

* Corresponding author.

E-mail address: hmblasco@yahoo.es (H. Blasco-Fontecilla).

2173-5050/© 2014 SEP and SEPB. Published by Elsevier Espana, S.L.U. All rights reserved.


dx.doi.org/10.1016/j.rpsmen.2016.01.003
http://www.elsevier.es/saludmental
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpsmen.2016.01.003&domain=pdf
mailto:hmblasco@yahoo.es

14

H. Blasco-Fontecilla et al.

PALABRAS CLAVE
Ajedrez;

Trastorno por déficit
de atencion e
hiperactividad;
Tratamiento
multimodal

Conclusions: The results of our pilot study should be interpreted with caution. This pilot project
highlights the importance of carrying out larger studies with a case-control design. If our results
are replicated in better designed studies, playing chess could be included within the multimodal
treatment of ADHD.

© 2014 SEP and SEPB. Published by Elsevier Espana, S.L.U. All rights reserved.

Eficacia del ajedrez en el tratamiento del trastorno por déficit de atencion
e hiperactividad: un estudio prospectivo abierto

Resumen

Objetivo: Examinar la efectividad del juego de ajedrez como opcion de tratamiento en nifos
con TDAH.

Métodos: Los padres de 44 nifios en edades comprendidas entre 6 y 17 afnos, con diagnostico
primario de TDAH, dieron su consentimiento para participar en el estudio. Los padres comple-
taron la version espanola de la Escala de Swanson, Nolan y Pelham para padres (SNAP-IV) y
las Escalas Abreviadas de Puntuacion de Conner (CPRS-HI), con anterioridad a un programa de
entrenamiento ajedrecista de 11 semanas de duracion. Utilizamos la t de student pareada para
comparar los resultados previos y posteriores a la intervencion, asi como la d de Cohen
para medir la magnitud del efecto. La significacion estadistica se establecio en p <0,05.
Resultados: Los nifos con TDAH reflejaron una mejoria tanto en la escala SNAP-IV (t=6,23;
grados de libertad (gl)=41; p<0,001) como en la CPRS-HI (t=5,39; gl=33; p<0,001). Nues-
tros resultados evidencian un elevado tamafo efecto en la disminucion de la severidad del
TDAH, segln las mediciones de SNAP-1V (d=0,85) y CPRS-HI (d=0,85). Ademas, hallamos una
correlacion entre el cociente de inteligencia y la mejoria de la escala SNAP-IV (p < 0,05).
Conclusiones: Los resultados de nuestro estudio piloto deberan interpretarse con cautela. Este
proyecto piloto subraya la importancia de realizar estudios mas amplios con un disefio de control
de casos. De replicarse nuestros resultados en unos estudios mejor disefados, el juego del

ajedrez podria incluirse en el tratamiento multimodal del TDAH.
© 2014 SEP and SEPB. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Attention deficit hyperactivity disorder (ADHD) is a major
public health issue.” ADHD is the most frequent psychi-
atric disorder diagnosed during childhood and adolescent,
affecting 4-8% of children worldwide.? It is considered
a chronic disorder with a substantial economic burden,
estimated to be up to US$ 52.4 billion annually.® In the
diagnostic and Statistical Manual of Mental Disorders (DSM-
5), age of onset criterion for the classical triad of ADHD
charac;teristics-inattention, hyperactivity, and impulsiv-
ity-previously established at seven in the Diagnostic and
Statistical Manual of Mental Disorders, 4th ed. (DSM-IV),*
has been raised to 12.° These features must persist 6 months
or more, generate impairments across two settings or more
(i.e. home, school), and are not better explained by another
mental disorder. ADHD is frequently comorbid,® and is asso-
ciated with adverse outcomes including social exclusion,
substance use, or even criminality.” Thus, if ADHD remains
untreated, children may not achieve their full potential in
adulthood.?

A multimodal treatment is the most effective treat-
ment of ADHD.! The multimodal approach normally
includes pharmacological treatments (i.e. metylphenidate,
lisdexamfetamine, atomoxetine), psychological treatment

(i.e. cognitive behavior therapy, family therapy), and
psychoeducation. Pharmacological intervention is the
treatment of choice in children and adolescents with
severe ADHD,?"" and the most common and convenient
treatment for ADHD in developed countries."" Unfortu-
nately, many parents are reticent to putting their child
on pharmacological treatment that may provoke side
effects, such as insomnia, appetite suppression, or growth
retardation.'? In addition, around 30% of ADHD children do
not respond to these stimulants.' Additionally, psychother-
apy can be expensive.' Thus, in this context, testing
the putative therapeutic effect of chess training (‘‘chess
therapy’’), a thousand-year-old board game that may
improve attention and concentration, is not only interesting
but worthwhile.'>1¢

Although chess is a traditional board game based on very
simple rules, it requires the use of complex cognitive strate-
gies. It has been used previously as a therapy option; for
example, to enhance cognitive abilities in schizophrenia,'’
and to prevent dementia.'® Given its educational benefits,
the European Parliament recently made a declaration to
encourage the introduction of the program ‘Chess in School’
into the educational systems of the European Union.' To the
best of our knowledge, however, there are no empirical stud-
ies testing if chess could be a psychotherapeutic alternative
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for ADHD. This is surprising given that central executive dys-
function is core to ADHD,%° and several executive functions
are needed when playing chess.?' However, it is important
to stress that executive dysfunction is neither necessary nor
sufficient to cause ADHD.??

Given the limited evidence supporting the use of chess
as a therapy for ADHD, we devised a pilot program with
chess experts using chess training. The aim of the present
pilot study was to test if a three month chess training course
decreases ADHD severity in a naturalistic sample of de novo
(recent diagnosis; medication-naive) and diagnosed, phar-
macologically treated ADHD children. We hypothesized that
children who spent more time playing chess or children with
higher intelligence were most likely to display improvements
of ADHD symptoms.

Methods
Participants

This 11 week pilot non-comparative descriptive study was
carried out at the Villalba Mental Health Center (Madrid,
Spain). Forty-four children between the ages of 6 and
17, with a primary diagnosis of ADHD attending our facil-
ities, entered into the study. Inclusion criteria included
being 6-17 years old, and presenting with either a previous
or de novo diagnosis of ADHD (DSM-1V). Exclusion crite-
ria were sensorimotor handicaps (i.e. blindness, deafness),
major neurological diseases (i.e. epilepsy), psychosis, men-
tal retardation, and generalized developmental disorders.
Children who met criteria for current ADHD (DSM-1V) were
offered to take part in the Jaque Mate al TDAH (Check mate
of ADHD) project. The diagnosis was based on clinical inter-
views with each child and at least one parent carried out
by a child psychiatrist. After the initial diagnostic interview,
all participants and their parents/caregivers were evaluated
using a semi-structured interview by a pediatric nurse. We
built an ad hoc protocol including sociodemographic char-
acteristics, past clinical history, various scales (see setting),
and some school and chess training parameters (i.e. number
of hours played every week, and assistance to chess lessons).

Setting

The study consisted of an 11-week trial of chess training.
All children had weekly 1 h sessions over a period of 11 con-
secutive weeks taught by a chess expert. ADHD children and
adolescents took chess training lessons in groups of up to
10 individuals. Additional practice was suggested at home.

Pre- and post-program measures

The severity of ADHD was evaluated using the Spanish ver-
sion of the Swanson, Nolan and Pelham Scale for parents
(SNAP-1V),2* and the Abbreviated Conners Rating Scales for
parents (CPRS-HI)?** at each visit (baseline, T1; endpoint,
11 weeks 2 weeks, T2). The SNAP-1V is an 18-item check-
list scored in a 4-point Likert scale ranging from Not at All
(0) to Very Much (3) [range 0-54]. This scale is one of the
most frequently used instruments to evaluate the response

to treatment. For instance, the SNAP-IV was used in the
NIMH Collaborative Multisite Multimodal Treatment Study
of Children With Attention-Deficit/Hyperactivity Disorder
(MTA).?>-?7 We used raw scores for comparison of improve-
ment. The CPRS-HI is a 10-item, well-validated screening
instrument for ADHD.? This instrument consists of 10 behav-
ior statements rated on a 4-point Likert scale with a total
score ranging from 0 to 30.2* The scale was obtained from
the longer versions of the Conners scales.?® A score of 15
or higher has been considered to be the clinically meaning-
ful screening diagnostic cut-off point for diagnosing children
with hyperactivity.2%-3°

Parents were blind to their previous ratings in both scales
during each evaluation.

Data analyses

Means and standard deviations (SD) were calculated for the
variables considered in our study. We used a paired t-test to
compare variables pre- (Time 1; T1), and post- (Time 2; T2)
treatment. Within subject change scores were calculated
from the difference in pre- to post-treatment scores (i.e.
T2 to T1). In addition, within group effect sizes, defined as
the difference between the pre- and post-treatment inter-
vention mean divided by the mean SD, were calculated
using Cohen’s d statistic for each scale (Cohen, 1988). For
practical purposes, we used the effect size calculator at:
http://www.uccs.edu/~lbecker/. A positive effect size was
considered as a measure of improvement (decrease in ADHD
severity). The cutoff point for considering statistical signifi-
cance was set at p <.05. We used SPSS for Macintosh Version
20 (SPSS Inc., Chicago, USA) for all the analyses.

Ethics

After a complete description of the study, all children and
their parents signed the written consent. The study was
approved by the Puerta de Hierro Hospital Institutional
Review Board (IRB) committee. All participants received a
diploma for participating at the end of the study.

Results
Participant characteristics

Forty-four children and adolescents were sequentially
included. Reasons for not entering into the study were either
because parents lived too far away to drive their children on
a weekly basis or because the children did not enjoy chess
playing (n=28).

Tables 1 and 2 display participant characteristics. Mean
age (SD) was 10.73 years (£2.24). Most participants were
male (70.5%). The mean number of children per classroom
was 21 +6.5. Nearly 90% of the participants were receiving
additional teaching support at school, thus suggesting that
our sample was particularly impaired with regard to school
performance. The majority (81.8%) of participants had
ADHD, combined type, and 61.4% were taking medication
for ADHD. Also, a relevant percentage (40%) had at least
another mental disorder (DSM-IV).
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Table 1 Participant sociodemographics.
Variable n (%)
Gender (male) 31 (70.5)
Immigrant 7 (15.9)
Adoption 4(9.1)
Ethnicity
Caucasian 35 (79.5)
Gipsies 1(2.3)
Asian 1(2.3)
Other (mulatto, maghrebi) 4(9.1)

Living with siblings
No 11 (25)

With biological siblings 29 (65.9)
With non-biological siblings/half-siblings 3(6.8)
Position within siblings
Only child 8 (18.2)
Older brother/sister 13 (29.5)
Second 13 (29.5)
Non-identical twins 2 (4.5)
Monthly family income
<500€ 8 (18.2)
500-1499€ 5 (11.4)
1500-2000€ 10 (22.7)
2001-2500€ 6 (13.6)
>2500€ 12 (27.3)

Feasibility assessment

Forty-two participants (95.4%) completed the study, indicat-
ing an elevated adherence rate.

Two children dropped out after two chess training ses-
sions. As might be expected, no adverse events were
reported in any case. In one case, a 6-year-old girl on
concerta® 18 mg, supplementation with risperidone (1mg
per night) was necessary to control her elevated impul-
siveness and conduct disorder; no other changes in the
treatment regimen were necessary in the remaining partici-
pants during the study.

On average, children attended 6 of the 11 sessions
(6.25+2.02) with a range of 2-11. Children reported an
average of nearly two hours per week (1.71 +1.53) of chess
training at home. De novo ADHD children did not practice
significantly more hours than pharmacologically treated
children (x*=0.127; df =1; ns).

Exploratory pre- and post-treatment assessment

35 of the 42 (83%) and 28 out of 34 (82%) parents in the
T2 assessment reported a reduction in the SNAP-IV and the
CPRS-HI, respectively. Following the convention used in
pharmacological trials, a clinically significant decrease
in ADHD severity was defined as a reduction of 30% or more
in either the SNAP-IV or the CPRS-HI score. Thus, 16 of the
42 (38%) and 16 of 34 (47%) parents reported at least a
30% ADHD severity reduction in the SNAP-IV and CPRS-HI,
respectively (57% of parents in at least one of these scales).

Table 2 Participant school and clinical characteristics.

Variable n (%)
Type of school
Public 22 (50)
State-subsidised 13 (29.5)
Private 1(2.3)

Education level

Primary 33 (75)
Secondary 10 (22.7)
Repeating a school year (% yes) 17 (38.6)
Receiving additional teaching support 38 (86.4)
at school (% yes)
Receiving additional teaching support 22 (50)
at home (% yes)
Special education needs (% yes) 4(9.1)
Adapting early childhood curriculum 11 (25)
(% yes)

After-school programs (% yes) 17 (38.6)
Intelligence coefficient (% available) 18 (40.9)
70-79 (borderline deficiency) 2 (4.5)
80-89 (dullness) 1(2.3)

90-109 (average/normal) 10 (22.7)
110-119 (superior intelligence) 4(9.1)
130-139 (gifted) 1(2.3)
Current ADHD subtype
Combined type 36 (81.8)
Predominantly inattentive type 8 (18.2)
Current DSM-1V psychiatric 18 (40.9)
comorbidity (% yes)
Learning disorders 4(9.1)
Communication disorders 1(2.3)
Conduct disorder 4(9.1)
Oppositional defiant disorder 2 (4.5)
Elimination disorders 1(2.3)
Attachment disorders 4(9.1)
Major depression 2 (4.5)
Medication for ADHD (% yes) 27 (61.4)
Metylphenidate (different 24 (54.1)
formulations)
Atomoxetine 3(6.8)

As shown in Table 3 and Fig. 1, there were statistically sig-
nificant pre- to post-training improvements in ADHD severity
as measured by both SNAP-IV and CPRS-HI.

We repeated these analyses separating by gender.
In males (n=30), both the SNAP-IV and CPRS-HI sig-
nificantly improved (40+9.63 vs 31.4+10.48, p<.001;
and 19.54+5.47 vs 14.92 +£5.91, p<.05, respectively). In
females (n=12), however, the SNAP-IV improved after chess
training (37.42+9.53 vs 30+8.1, p<.05), while this was
not the case for the CPRS-HI (16.60+4.90 vs 11.80+3.70,
ns).

Additionally, we split our sample into de novo (n=17)
and pharmacologically treated children (n=25). In de novo
ADHD children, the SNAP-IV significantly improved (38 +9.91
vs 30.70£10.67; p<.001) whereas the differences in the
CPRS-HI between pre- and post-chess training did not
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Table 3

Pre- and post-training changes in the SNAP-IV and the CPRS-HI.

n

Pre-test (T1)

Post-test (T2)

M

SD

SD

42
42
42

34

39.26
20.90
18.36

18.68

SNAP-IV parents (global)
Inattention
Hyperactivity-impulsivity

CPRS-HI

9.56
4.81
6.37

5.41

31
16.67
14.33

14

9.78
4.9
6.75

5.49

6.23
6.56
4.79

5.39

<0.001
<0.001
<0.001

<0.001

reach statistical significance (17.73+5.45 vs 14+5.74;
ns). In pharmacologically treated children, both the SNAP-
IV and CPRS-HI significantly improved (40.12+9.42 vs
31.20+£9.34, p<.05; and 19.42 +5.4 vs 14+£5.45, p<.001,
respectively).

Also, we split our sample into patients with comorbidity
(n=17) and without comorbidity (n=25). In ADHD children
with comorbidity, both the SNAP-IV and CPRS-HI improved,
but did not reach statistical significance in the CPRS-HI
(38.76 +9.82 vs 31.4+9.28, p=.001; and 19.21£4.45 vs
14.35+5.15, ns, respectively). As for ADHD children without
comorbidity, the SNAP-IV significantly improved (39.6 +9.56
vs 30.72+10.28; p=.006); the differences in the CPRS-HI
between pre- and post-chess training were also statistically
significant (18.3 £6.1 vs 13.75+5.83; p<.001).

In order to test the magnitude of the difference between
pre- and post-intervention, we calculated effect sizes for
the SNAP-IV (d=.85) and the CPRS-HI (d=.85).

The improvement in ADHD severity scores from base-
line did not vary by age, commitment (as measured by
chess attendance), and hours of practice at home. However,
as expected, we found a correlation between intelli-
gence quotient (IQ) and SNAP-IV improvement (p <.05; see
Fig. 2).

45
40 |
35 -
30
25 |

20

T2*

T1*

I SNAP-IV Il CPRS-HI

Figure 1 Pre- (T1) to post-training (T2) improvements in
ADHD severity as measured by both SNAP-IV and CPRS-HI.
*p<0.001.

|R? Lineal

25.00 =0.282
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SNAP |V performance improvement (T1-T3)
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; . F
80.00 100.00 120.00 140.00

Intelligence quotient (IQ)

Figure 2 Correlation between the SNAP-IV (parents) and 1Q.
Pearson correlation p=0.53 (p<0.05).

Discussion

This pilot study showed statistically significant clinical
improvements in both inattentive and hyperactive symp-
toms from pre- to post-chess training in 44 children and
adolescents with ADHD. A significant majority of parents
reported some improvement in ADHD severity in their chil-
dren, and nearly half of the parents reported a 30% decrease
in ADHD severity. In addition, effect size estimates in the
present study were large, similar to the effect sizes of
methylphenidate and psychosocial treatments reported in
a recent meta-analysis,’” but lower than the effect size
of lisdexamfetamine dimesylate for treating ADHD in both
children and adults.?'~3* Although the majority of children
received benefits from chess training, our results suggest
that the greater the intelligence of the child, the more
important the improvement in ADHD symptoms.

Overall improvement in ADHD with chess training

Consistent with our hypotheses, we found a decrease in
the mean score versus the baseline for both parent-rated
scales after chess training. Both inattention and hyperac-
tivity/impulsivity symptoms improved according to the pre-
and post-treatment results. Unfortunately, it is difficult
to put into context our findings because there are no
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scientifically sound studies on the putative therapeutic
effect of playing chess in children and adolescents with
ADHD. However, a previous study has established that chess
can help improve social and cognitive skills in children.3* A
recent study suggests the beneficial effects of chess playing
compared to other extracurricular activities in children. The
authors compared 170 school children between the ages of 6
and 16 years who played chess as an extracurricular activity
with 60 children playing either soccer or basketball after
school. They reported that those playing chess were more
likely to improve their cognitive abilities, problem-solving
capacity, and coping in contrast to the sports group.*> Fur-
thermore, chess improved object relationships in narcissistic
adolescents.>® Also, in a study carried out in New Jersey, the
authors reported that chess enhanced students’ self-esteem
after just one year of playing chess.*” An alternative expla-
nation for the observed reduction in SNAP/Conners scores
could be a placebo effect (see strengths and limitations).

Given that we did not measure executive functions, we
can only speculate if our results are a product of an improve-
ment of executive functions in ADHD children. Executive
functions include some cognitive processes core to ADHD
(i.e. working memory, inhibition, multi-tasking, monitoring
of actions).?%3%3 Interestingly, some executive functions
are involved when playing chess (i.e. the ability to think
ahead, analyze the effectiveness of moves made, and plan
chess moves before they are made).?' Furthermore, the
caudate nucleus, a structure involved in the fronto-striatal
circuitry, is an area of the brain most frequently associ-
ated with ADHD*-“? that may cause impaired executive
functions.”® Recently, it was reported that chess experts
present structural changes in the caudate nucleus that might
explain a greater behavioral control.** Another reason that
help to explain why chess is beneficial to ADHD children is
that these children benefit from immediate feed-back and
structure.®

Gender

Clinical improvement was found in both genders. This is
important because we have recently reported that the
female gender is a marker of a worse prognosis in children
diagnosed with hyperactivity disorder (ICD-10).° Hyperactiv-
ity is frequently a ‘‘hidden disorder’’ in girls. Even though
more boys than girls are diagnosed with ADHD,“ both gen-
ders equally respond to psychostimulant treatment.*’ As
suggested here, girls can also benefit from chess training.

Pharmacologically treated or de novo ADHD
children

It is also important to stress that the beneficial effects of
playing chess were found in both pharmacologically treated
and de novo ADHD children. Pharmacologically treated ADHD
children displayed higher severity ratings in both scales than
de novo ADHD children at T1. This is not surprising, as phar-
macological treatment is the treatment of choice in children
with severe ADHD.'® Our clinical impression is that, at least
for the most severe ADHD children, medication is necessary
to decrease the level of ADHD symptoms for children to ben-
efit from chess training, at least initially. In other words,

playing chess appear to have a similar role to psychother-
apy within the multimodal treatment schema for children
with ADHD.

Intelligence and improvement

Contrary to our expectations, we did not find a
dose-response relationship between the number of hours
of chess practiced at home and amelioration of ADHD symp-
toms. Thus, the improvement of ADHD with chess training in
our study should be explained by other factors not recorded
in our study-for instance, if children practiced against other
people or the chess-machine-or intelligence. As expected,
we found a correlation between 1Q and ADHD improvement
after the chess course. This is intuitively coherent with the
fact that the more intelligent children may find it easier
to implement the complex strategies necessary to win at
chess. Furthermore, in a recent study, the authors reported
strong evidence for their hypothesis that adults with high
IQ who meet DSM-IV criteria for ADHD are more likely to
report more impairment in executive functions than the gen-
eral population.® Therefore, playing chess could be a very
interesting therapeutic complement to high 1Q patients with
ADHD

Advantages of chess training for ADHD treatment

Compared to other treatments for ADHD, chess train-
ing presents several advantages. First, it is cheaper than
available psychotherapies. Second, playing chess has no
side effects, and consequently children and parents eas-
ily accept it. Many children discontinue ADHD medication
due to either psychological side effects or perceived inade-
quate effectiveness.*’ Moreover, side effects can negatively
impact student performance in school.®® Third, play is crit-
ical to the social development of children.>" These authors
reported that the key factor for play-based interventions
is their ability to capture the motivation of children with
ADHD, and we concur. Indeed, motivation is critical for the
success of any treatment.>? Not surprisingly, the majority of
children entering in our study were highly motivated to play
chess, as demonstrated by the low rate of chess discontinua-
tion (less than 5%). This is particularly important, given that
children diagnosed with ADHD have difficulties in social play,
including lack of interpersonal empathy while playing.>’

In any case, given that the level of inattention is
heightened when tasks are boring,®' playing chess is not
recommended for those ADHD children that spontaneously
express that they do not like playing chess. Children who
lack motivation for a particular task (i.e. chess playing) will
probably be unable to sustain attention on this task.>*

Strengths and limitations

To the best of our knowledge, this is the first study sup-
porting the hypothesis that playing chess can improve ADHD
symptoms. Another strength is that the pre and post-
intervention design allows for the comparison of ADHD
severity. Even using the 30% ADHD improvement criteria,>
a significant percentage of parents reported that the ADHD
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severity decreased in both scales. This is important consid-
ering that reductions between 20% and 25% in the severity
of symptoms are considered clinically meaningful.>*>>* More-
over, we used effect sizes to measure the magnitude of the
association between chess training and the improvement
in ADHD symptoms, which enables to measure this type of
relationships more effectively than p values, regardless
of statistical significance.?” But effect sizes *‘satisfy statis-
tical, not clinical, needs’’.® Indeed, even if our results are
promising, we should bear in mind that the level of post-
training ADHD symptoms displayed by most of our patients
was still notable.

These results must also be interpreted in light of several
limitations inherent to naturalistic, descriptive studies.>
First, the outcome measures were two parent-reported
scales. Parents’ expectations of the intervention’s out-
come may bias their responses.®®®" However, all parents
were blind to their previous assessments, and some have
suggested that the expectation of treatment benefit does
not contribute to changes in treatment response in ADHD
children.®? Given that resources are very limited in our
media, we considered that the descriptive intervention
design was the most feasible at this point in time. In addi-
tion, randomized, controlled trials also have limitations.*
Second, we did not use clinical interviews such as the Diag-
nostic Interview Schedule for Children, version IV (DISC-1V)
to corroborate our clinical diagnosis. However, ADHD is a
clinical diagnosis,®® and both the SNAP-IV and the CPRS-
HI are ecologically valid dimensions of the child’s behavior
at home.® Finally, the sample size was relatively small.
Although, we feel that the sample size was fair enough given
the pilot nature of the present study. In conclusion, more
methodologically sound studies (i.e. including independent
observations; randomized, controlled trial design studies)
with larger samples are warranted.

Conclusions

This pilot study presents preliminary evidence suggesting
that chess playing might play a role in the treatment for chil-
dren and adolescents with ADHD. High IQ children appear
to be particularly benefited. Given the weaknesses of our
study-open label, no control group, no randomization, and
small sample size-our results should be interpreted with
caution. This pilot project highlights the importance of car-
rying out larger studies with a case-control design. If our
results are replicated in more robust studies, playing chess
could be included within the multimodal treatment of ADHD.
Alternative therapies such as chess training might be partic-
ularly interesting in developing or impoverished countries
where resources are scarce.® Thus, ‘‘chess therapy’’ for
ADHD could be potentially used as a low cost resource for
struggling ADHD students in the public school system.

Ethical responsibilities

Protection of human and animal subjects. The authors
declare that procedures conformed to the ethical standards
of the responsible committee on human experimentation
and in accordance with the World Medical Association and
the Helsinki Declaration.

Confidentiality of data. The authors declare that they have
followed the protocols of the workplace on the publication
of data from patients.

Right to privacy and informed consent. The authors have
obtained the informed consent of patients and/or subjects
referred to in article consent. This document is in the pos-
session of the corresponding author.

Conflict of interest

In the last three years, Dr. Hilario Blasco-Fontecilla has
received lecture fees from ELli Lilly.

AB-Biotics, Janssen, Rovi, and Shire. The remaining
authors report no conflict of interest.

References

1. Jensen PS. The national institutes of health attention-
deficit/hyperactivity disorder consensus statement: implica-
tions for practitioners and scientists. CNS Spectr. 2000;5:29-33.

2. Dulcan M. Practice parameters for the assessment and
treatment of children, adolescents, and adults with attention-
deficit/hyperactivity disorder. J Am Acad Child Adolesc
Psychiatry. 1997;36 10 Suppl.:855-121S.

3. Pelham WE, Foster EM, Robb JA. The economic impact of
attention-deficit/hyperactivity disorder in children and adoles-
cents. J Pediatr Psychol. 2007;32:711-27.

4. Smith AL, Hoza B, Linnea K, Wigal T, Arnold LE, Vitiello B, et al.
Pilot physical activity intervention reduces severity of ADHD
symptoms in young children. J Atten Disord. 2013;17:70-82.

5. Vande Voort JL, He JP, Jameson ND, Merikangas KR. Impact of
the DSM-5 attention-deficit/hyperactivity disorder age-of-onset
criterion in the US adolescent population. J Am Acad Child Ado-
lesc Psychiatry. 2014;53:736-44.

6. Blasco-Fontecilla H, Carballo JJ, Garcia-Nieto R, Lopez-
Castroman J, Alegria AA, Basurte-Villamor |, et al. Factors
contributing to the utilization of adult mental health services in
children and adolescents diagnosed with hyperkinetic disorder.
ScientificWorldJournal. 2012;2012:451205.

7. Curran S, Fitzgerald M. Attention deficit hyperactivity disorder
in the prison population. Am J Psychiatry. 1999;156:1664-5.

8. Mehta S, Mehta V, Shah D, Mehta S, Shah D, Motiwala A, et al.
Multimodal behavior program for ADHD incorporating yoga and
implemented by high school volunteers: a pilot study. ISRN Pedi-
atr. 2011;2011:780745.

9. National Institute for Health and Care Excellence (NICE).
Attention deficit hyperactivity disorder: diagnosis and man-
agement of ADHD in children, young people and adults. NICE
Guidelines [CG72]; 2008. Available from https://www.nice.org.
uk/guidance/cg72 [September 2008].

10. Swanson JM, Elliott GR, Greenhill LL, Wigal T, Arnold LE, Vitiello
B, et al. Effects of stimulant medication on growth rates across 3
years in the MTA follow-up. J Am Acad Child Adolesc Psychiatry.
2007;46:1015-27.

11. Banaschewski T, Coghill D, Santosh P, Zuddas A, Asherson P,
Buitelaar J, et al. Long-acting medications for the hyperki-
netic disorders. A systematic review and European treatment
guideline. Eur Child Adolesc Psychiatry. 2006;15:476-95.

12. Van der Oord S, Prins PJ, Oosterlaan J, Emmelkamp PM. Efficacy
of methylphenidate, psychosocial treatments and their combi-
nation in school-aged children with ADHD: a meta-analysis. Clin
Psychol Rev. 2008;28:783-800.

13. Spencer T, Biederman J, Wilens T, Harding M, O’Donnell D,
Griffin S. Pharmacotherapy of attention-deficit hyperactivity


http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0325
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0330
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0335
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0340
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0345
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0350
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0355
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0360
https://www.nice.org.uk/guidance/cg72
https://www.nice.org.uk/guidance/cg72
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0370
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0375
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0380
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385

20

H. Blasco-Fontecilla et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

disorder across the life cycle. J Am Acad Child Adolesc Psy-
chiatry. 1996;35:409-32.

Jensen PS, Garcia JA, Glied S, Crowe M, Foster M, Schlander
M, et al. Cost-effectiveness of ADHD treatments: findings from
the multimodal treatment study of children with ADHD. Am J
Psychiatry. 2005;162:1628-36.

Bart WM. On the effect of chess training on scholastic achieve-
ment. Front Psychol. 2014;5:762.

De Groot AD. Thought and choice in chess. The Hague, The
Netherlands: Mouton Publishers; 1978.

Demily C, Cavezian C, Desmurget M, Berquand-Merle M, Cham-
bon V, Franck N. The game of chess enhances cognitive abilities
in schizophrenia. Schizophr Res. 2009;107:112-3.

Dowd SB, Davidhizar R. Can mental and physical activities such
as chess and gardening help in the prevention and treatment
of Alzheimer’s? Healthy aging through stimulation of the mind.
J Pract Nurs. 2003;53:11-3.

Binev S, Attard-Montalto J, Deva N, Mauro M, Takkula H. On the
introduction of the programme ‘Chess in School’ in the edu-
cational systems of the European Union. Strasbourg: European
Parliament; 2012.

Raiker JS, Rapport MD, Kofler MJ, Sarver DE. Objectively-
measured impulsivity and attention-deficit/hyperactivity disor-
der (ADHD): testing competing predictions from the working
memory and behavioral inhibition models of ADHD. J Abnorm
Child Psychol. 2012;40:699-713.

Remine MD, Care E, Brown PM. Language ability and verbal and
nonverbal executive functioning in deaf students communicat-
ing in spoken English. J Deaf Stud Deaf Educ. 2008;13:531-45.
Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington
BF. Validity of the executive function theory of attention-
deficit/hyperactivity disorder: a meta-analytic review. Biol
Psychiatry. 2005;57:1336-46.

Swanson JM. SNAP-1V scale. Irvine, CA: University of California
Child Development Center; 1995.

Conners CK. Conners abbreviated symptom questionnaire:
parent version, teacher version manual. Toronto, Canada: Multi-
Health Systems Inc.; 1990.

Granana N, Richaudeau A, Gorriti CR, O’Flaherty M, Scotti ME,
Sixto L, et al. [Assessment of attention deficit hyperactivity:
SNAP-IV scale adapted to Argentina]. Rev Panam Salud Publica.
2011;29:344-9 (in Spanish).

MTA Cooperative Group. National Institute of Mental
Health Multimodal Treatment Study of ADHD follow-up:
24-month outcomes of treatment strategies for attention-
deficit/hyperactivity disorder. Pediatrics. 2004;113:754-61.
Newcorn JH, Halperin JM, Jensen PS, Abikoff HB, Arnold LE,
Cantwell DP, et al. Symptom profiles in children with ADHD:
effects of comorbidity and gender. J Am Acad Child Adolesc
Psychiatry. 2001;40:137-46.

Holmberg K, Sundelin C, Hjern A. Screening for attention-
deficit/hyperactivity disorder (ADHD): can high-risk children be
identified in first grade? Child Care Health Dev. 2013;39:268-76.
Rowe KS, Rowe KJ. Norms for parental ratings on Conners’
abbreviated parent-teacher questionnaire: implications for the
design of behavioral rating inventories and analyses of data
derived from them. J Abnorm Child Psychol. 1997;25:425-51.
Ullmann RK, Sleator EK, Sprague RL. A change of mind: the
Conners abbreviated rating scales reconsidered. J Abnorm Child
Psychol. 1985;13:553-65.

Wigal SB, Kollins SH, Childress AC, Adeyi B. Efficacy and
tolerability of lisdexamfetamine dimesylate in children with
attention-deficit/hyperactivity disorder: sex and age effects
and effect size across the day. Child Adolesc Psychiatry Ment
Health. 2010;4:32.

Wigal T, Brams M, Gasior M, Gao J, Giblin J. Effect size
of lisdexamfetamine dimesylate in adults with attention-
deficit/hyperactivity disorder. Postgrad Med. 2011;123:169-76.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

Faraone SV. Understanding the effect size of lisdexamfetamine
dimesylate for treating ADHD in children and adults. J Atten
Disord. 2012;16:128-37.

Frick D. Chess as a therapeutic medium in a substance abuse
rehabilitation centre: a narrative study; 2006. Available from
http://repository.up.ac.za/bitstream/handle/2263/24236/
dissertation.pdf?sequence=1

Aciego R, Garcia L, Betancort M. The benefits of chess for the
intellectual and social-emotional enrichment in schoolchildren.
Span J Psychol. 2012;15:551-9.

Gaines L, Berkovitz I, Kohn B. Chess as a way of improving
object relationships in narcissistic teenagers. Adolesc Psychi-
atry. 2000;25:187-99.

Ferguson RC. The use and impact of chess: USA junior chess
Olympics; 1995. Available from http://www.kcfe.eu/sites/
default/files/research_KCFE.pdf

Chan RC, Shum D, Toulopoulou T, Chen EY. Assessment
of executive functions: review of instruments and identifi-
cation of critical issues. Arch Clin Neuropsychol. 2008;23:
201-16.

Brown TE. ADD/ADHD and impaired executive function in clini-
cal practice. Curr Psychiatry Rep. 2008;10:407-11.

Carrey N, Bernier D, Emms M, Gunde E, Sparkes S, Macmas-
ter FP, et al. Smaller volumes of caudate nuclei in prepubertal
children with ADHD: impact of age. J Psychiatr Res. 2012;46:
1066-72.

Nakao T, Radua J, Rubia K, Mataix-Cols D. Gray matter volume
abnormalities in ADHD: voxel-based meta-analysis exploring
the effects of age and stimulant medication. Am J Psychiatry.
2011;168:1154-63.

Shook D, Brady C, Lee PS, Kenealy L, Murphy ER, Gaillard WD,
et al. Effect of dopamine transporter genotype on caudate
volume in childhood ADHD and controls. Am J Med Genet B
Neuropsychiatr Genet. 2011;156B:28-35.

Voelbel GT, Bates ME, Buckman JF, Pandina G, Hendren
RL. Caudate nucleus volume and cognitive performance: are
they related in childhood psychopathology? Biol Psychiatry.
2006;60:942-50.

. Duan X, He S, Liao W, Liang D, Qiu L, Wei L, et al. Reduced

caudate volume and enhanced striatal-DMN integration in chess
experts. Neurolmage. 2012;60:1280-6.

Aberson B, Shure MB, Goldstein S. Social problem-solving
intervention can help children with ADHD. J Atten Disord.
2007;11:4-7.

Bauermeister JJ, Shrout PE, Ramirez R, Bravo M, Alegria
M, Martinez-Taboas A, et al. ADHD correlates, comorbid-
ity, and impairment in community and treated samples of
children and adolescents. J Abnorm Child Psychol. 2007;35:
883-98.

Sharp WS, Walter JM, Marsh WL, Ritchie GF, Hamburger
SD, Castellanos FX. ADHD in girls: clinical comparability of
a research sample. J Am Acad Child Adolesc Psychiatry.
1999;38:40-7.

Brown TE, Reichel PC, Quinlan DM. Executive function
impairments in high IQ adults with ADHD. J Atten Disord.
2009;13:161-7.

Toomey SL, Sox CM, Rusinak D, Finkelstein JA. Why do children
with ADHD discontinue their medication? Clin Pediatr (Phila).
2012;51:763-9.

Kubiszyn T, Mire S, Dutt S, Papathopoulos K, Burridge
AB. Significant differences in pediatric psychotropic side
effects: implications for school performance. Sch Psychol Q.
2012;27:4-28.

Cordier R, Bundy A, Hocking C, Einfeld S. A model for play-
based intervention for children with ADHD. Aust Occup Ther J.
2009;56:332-40.

Medalia A, Saperstein A. The role of motivation for treatment
success. Schizophr Bull. 2011;37 Suppl. 2:5122-8.


http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0385
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0390
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0395
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0400
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0405
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0410
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0415
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0420
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0425
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0430
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0435
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0440
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0445
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0450
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0455
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0460
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0465
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0470
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0475
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0480
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0485
http://repository.up.ac.za/bitstream/handle/2263/24236/dissertation.pdf?sequence=1
http://repository.up.ac.za/bitstream/handle/2263/24236/dissertation.pdf?sequence=1
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0495
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0500
http://www.kcfe.eu/sites/default/files/research_KCFE.pdf
http://www.kcfe.eu/sites/default/files/research_KCFE.pdf
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0510
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0515
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0520
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0525
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0530
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0535
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0540
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0545
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0550
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0555
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0560
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0565
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0570
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0575
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0580

Chess training for the treatment of ADHD

21

53.

54.

55.

56.

57.

58.

Barkley RA, DuPaul GJ, McMurray MB. Comprehensive evalua-
tion of attention deficit disorder with and without hyperactivity
as defined by research criteria. J Consult Clin Psychol.
1990;58:775-89.

Zylowska L, Ackerman DL, Yang MH, Futrell JL, Horton NL,
Hale TS, et al. Mindfulness meditation training in adults and
adolescents with ADHD: a feasibility study. J Atten Disord.
2008;11:737-46.

Elia J, Borcherding BG, Rapoport JL, Keysor CS.
Methylphenidate and dextroamphetamine treatments of hyper-
activity: are there true nonresponders? Psychiatry Res. 1991;36:
141-55.

Varley CK, Trupin EW. Double-blind assessment of stimulant
medication for attention deficit disorder: a model for clinical
application. Am J Orthopsychiatr. 1983;53:542-7.

Nakagawa S, Cuthill IC. Effect size, confidence interval and sta-
tistical significance: a practical guide for biologists. Biol Rev
Camb Philos Soc. 2007;82:591-605.

Kraemer HC, Kupfer DJ. Size of treatment effects and their
importance to clinical research and practice. Biol Psychiatry.
2006;59:990-6.

59.

60.

61.

62.

63.

64.

Makris N, Seidman LJ, Valera EM, Biederman J, Monuteaux MC,
Kennedy DN, et al. Anterior cingulate volumetric alterations in
treatment-naive adults with ADHD: a pilot study. J Atten Disord.
2010;13:407-13.

Jones K, Daley D, Hutchings J, Bywater T, Eames C. Efficacy
of the incredible years programme as an early intervention for
children with conduct problems and ADHD: long-term follow-up.
Child Care Health Dev. 2008;34:380-90.

Sims DM, Lonigan CJ. Multi-method assessment of ADHD char-
acteristics in preschool children: relations between measures.
Early Child Res Q. 2012;27:329-37.

Hazell P, Lewin T, Sly K. What is a clinically important level
of improvement in symptoms of attention-deficit/hyperactivity
disorder? Aust N Z J Psychiatry. 2005;39:354-8.

Newmark SC. Nutritional intervention in ADHD. Explore (NY).
2009;5:171-4.

Sengupta SM, Grizenko N, Thakur GA, Bellingham J, DeGuz-
man R, Robinson S, et al. Differential association between the
norepinephrine transporter gene and ADHD: role of sex and sub-
type. J Psychiatry Neurosci. 2012;37:129-37.


http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0585
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0590
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0595
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0600
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0605
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0610
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0615
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0620
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0625
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0630
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0635
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640
http://refhub.elsevier.com/S2173-5050(16)00004-2/sbref0640

	Efficacy of chess training for the treatment of ADHD: A prospective, open label study
	Introduction
	Methods
	Participants
	Setting
	Pre- and post-program measures
	Data analyses
	Ethics

	Results
	Participant characteristics
	Feasibility assessment
	Exploratory pre- and post-treatment assessment

	Discussion
	Overall improvement in ADHD with chess training
	Gender
	Pharmacologically treated or de novo ADHD children
	Intelligence and improvement
	Advantages of chess training for ADHD treatment
	Strengths and limitations

	Conclusions
	Ethical responsibilities
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interest
	References


