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Abstract 

Background:  Attention-deficit hyperactivity disorder (ADHD) is the most common behavioral disorder. Behavioural 
intervention in preschool children with ADHD is considered effective. This study discussed the long-term effective‑
ness of behavioural intervention in the context of nondrug therapy.

Methods:  The study was a prospective, randomised controlled trial in which 201 preschoolers diagnosed with 
ADHD who were not receiving any treatment were assigned to two groups from January 2018 to May 2019, 101 were 
assigned to the conventional group and 100 to the behavioural intervention group. The behavioural intervention 
group included parental training, behavioural therapy, attention training, relief therapy and game therapy, in addition 
to the conventional group offerings. Children were evaluated at a baseline, at the end of the 12-month intervention 
and six months after the intervention. The primary and secondary outcome variables included attention time, the 
impulse-hyperactivity and hyperactivity index from Conners parent symptom questionnaire (PSQ), full-scale atten‑
tion quotient (FAQ) and full-scale response control quotient (FRCQ) from integrated visual and auditory compre‑
hensive continuous performance tests. The attention time was observed and recorded by parents, and others were 
performe(PSQ)d by physicians in the clinic. All statistical analyses were conducted using SPSS V26.0 (IBM), including 
the descriptive statistics and mixed-effects models and so on.

Results:  The participants’ mean age was (66.17±9.00) months in the behavioural group and (67.54±6.22) months 
in the conventional group .A total of 190 participants completed a follow-up six months after the intervention. 
The attention time, Conners parent symptom questionnaire (PSQ), full-scale attention quotient (FAQ) and full-scale 
response control quotient (FRCQ) increased significantly over time, and the behavioural group improvements were 
higher than those of conventional group. There was a significant main effect of time (pretest/posttest/follow-up) and 
group on all outcome measures (t =-12.549-4.069, p<0.05), and a significant interaction of time and group on atten‑
tion time, impulsivity/hyperactivity, FAQ and FRCQ (t =-3.600-3.313, p<0.05).
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Background
Attention deficit hyperactivity disorder (ADHD) is a 
commonly diagnosed childhood behavioural disorder 
[1, 2]. It is characterized by age-inappropriate levels of 
hyperactivity, impulsivity and inattention, and is often 
accompanied by comorbid symptoms such as opposi-
tional defiant disorder (ODD) or conduct disorder (CD). 
Multiple studies show that ADHD symptoms reduce 
quality of life and are associated with negative academic 
and socio-occupational outcomes [3–5]. Most chil-
dren with ADHD tend to have a preschool onset of at 
least some of their symptoms. Without early treatment, 
50-80% of cases may persist into adulthood [6, 7]. Thus, 
timely interventions in preschool to minimize or elimi-
nate these symptoms are of public health importance.

The purpose of ADHD treatment is to improve the 
core symptoms and reduce behavioural problems, and 
the main treatment means are drug therapy and nondrug 
therapy. Evidence-based treatment for ADHD involves 
the use of stimulant medication and behavioural inter-
ventions [8–10], which have been studied for decades, 
separately or in combination. However, there is still disa-
greement among professionals about which one is more 
effective, as well as how soon to start treatment after 
diagnosis. Some studies suggested beginning medica-
tion immediately and supplementing it with additional 
medication where necessary [11]. Others recommended 
beginning with psychobehavioural therapy and adding 
medication if those treatments were insufficient [12]. 
Stimulants’ side effects increase with increasing dosage 
and duration of exposure [13]. For example, the adverse 
effects of continuous medication on height and weight 
have always been controversial. Because behavioural 
interventions may improve outcomes, reduce treatment 
costs,and minimize side effects [14], it is the first treat-
ment choice for preschool children [15]. The American 
Academy of Pediatrics recommended behavioural inter-
vention in preschoolers [16]. China’s latest guidelines for 
ADHD diagnosis and treatment also emphasize the use 
of behavioural interventions in children under the age of 
12 [17].

Biofeedback is a therapeutic technique designed to 
modulate brain function to address neurological and/
or psychological symptoms of concern. The standard 
biofeedback regimen in the treatment of ADHD can be 

considered a mature treatment with a 32-47% remission 
rate and sustained effects as assessed after 6-12 months 
[18].

Behavioural intervention studies on children with 
ADHD have shown that parental management train-
ing effectively reduces children’s ADHD and associated 
symptoms [4, 5]. Cognitive-behavioral therapy (CBT) 
interventions can improve the important areas of func-
tion for children with ADHD and anxiety, including the 
severity of ADHD symptoms, according to a randomized 
controlled trial by Emma [19]. Dose ’s telephone-assisted 
self-help intervention alone for the parents of children 
with ADHD was proven to be effective in parent-reported 
externalizing and internalizing child problem behaviour 
as well as ADHD symptoms and dysfunctional parenting 
practices [20]. A recent observational study by Manfred 
also showed that in conventional care settings, children’s 
ADHD symptoms improved after a one-year telephone-
assisted parental behaviour intervention and were further 
improved at the 7-25 months follow-up after comple-
tion of the program, with a medium effect size [21]. Such 
studies suggested that behaviour therapy can improve the 
prognosis of children with ADHD, and the intervention 
may have long-term effects.

However, Emma’s research objects were 8-12 year old 
children with ADHD who combined with anxiety; The 
Dose study aimed at 6-12 pairs of children who still 
had ADHD and residual dysfunction after methylphe-
nidate treatment; Manfred’s study aimed at children 
between the ages of 6 and 12 and did not set a control 
group, and 74.3% of the patients were on medication for 
ADHD before evaluation. We hope to focus on the effect 
of behavioural therapy on preschool children diagnosed 
with ADHD without stimulant medication, avoid carry-
ing these problems to school age, or reduce the sever-
ity of symptoms at school age. In addition to telephone 
assisted self-help intervention, we also hope to cooperate 
with parents to develop a structured strategy for compre-
hensive behavioural intervention in the context of family, 
and to know the situation of children at any time through 
regular follow-up and adjust personalized intervention 
programs. In addition, large-scale behavioural treatment 
is complex and expensive, and the availability and effec-
tiveness of treatment may be limited by parents’ educa-
tion level and their ability to understand and execute 

Conclusion:  Behavioural intervention can effectively improve behaviour management and relieve symptoms in 
children with ADHD. These effects lasted at least six months. This study provides a promising approach for improving 
clinical efficacy with preschool children with ADHD.

Keywords:  Attention deficit hyperactivity disorder, Behavioural intervention, Effectiveness, Randomized controlled 
trial, Mixed-effects linear model analyses
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the treatment, which hinders the spread of behavioural 
therapy.

At the research hospital in Southeast China, treatment 
of children with ADHD was given by paediatricians, child 
mental health care physicians and psychotherapists. We 
assessed the 12- month efficacy of cooperation between 
physicians and parents during behaviour intervention 
in children with ADHD. We also evaluated whether the 
improvement in symptoms persisted after 6 months of 
behavioural intervention. We hope to carry out a con-
trolled trial of behavioural intervention specifically for 
preschool children to explore the effect of behavioural 
intervention under the premise of nondrug treatment. 
We hope that through intensive parental training and 
guidance, structured interventions can be developed to 
improve the efficacy of behavioural interventions and 
carry out scientific evaluation.

Methods
Procedure
We aimed to assess the long-term effects of behavioural 
intervention. At the start of the study, children were ran-
domly assigned to the conventional group or the behav-
ioural group according to the medical card number using 
SPSS software. The conventional group was subjected to 
biofeedback and distributed a health education booklet, 
while the behavioural group received behavioural inter-
vention based on the conventional group. The interven-
tion lasted for one year. Children were followed up for six 
months after the end of the intervention. If the children 
or their parents declined to cooperate during the treat-
ment, they were dropped from the study. The physicians 
evaluated the children at the three time points: before the 
start of the intervention (T1), at the end of the one-year 
intervention(T2) and 6 months after completion of the 
program(T3).

Trial registration
ChicCTR2100049863 was retrospectively registered on 
August 9, 2021-Retrospectively registered.

Participants
Preschoolers with ADHD were recruited from January 
2018 to May 2019 to participate in the behavioural inter-
vention study at Fujian Maternity  and Child Health Hos-
pital in Southeast China. Inclusion criteria: Children with 
ADHD who were diagnosed according to the Diagnostic 
and Statistical Manual of Mental Disorders (5th edition) 
(DSM-5) by at least two qualified developmental behav-
ioural paediatric psychiatrists. None of the children had 
received treatment via medication or behavioural inter-
vention. Exclusion criteria: (a) full-scale IQ <75, (b) his-
tory of seizures and/or taking medication to prevent 

seizures, (c) childhood history or concurrent diagnosis 
with pervasive developmental disorder, schizophrenia or 
other psychotic disorder, sexual disorder, organic mental 
disorder or eating disorder, (d) lack of functional impair-
ment, and (e) placement in special education classrooms.

Biofeedback
An EEG biofeedback system was used to suppress the 
4-8 Hz θ wave and strengthen the 12-15 Hz sensorimo-
tor rhythm. Collecting the brain waves of children ena-
bled real-time feedback with a variety of images. Each 
treatment consisted of five stages, of which the first stage 
was basic state detection and training target setting. The 
remaining four stages were feedback therapy stages with 
20-30 times/course of treatment, for three courses of 
treatment [22].

Behavioural intervention
The following individualized behavioural intervention 
plans were developed by physicians. (a) Face-to-face par-
ent training: Professional child psychologists set up one-
hour, weekly parent classes. At the end of each session, 
parents received home assignments that were discussed 
at the beginning of the next session. Where parents 
failed to fully understand topics discussed before or 
experienced difficulties with techniques from particu-
lar sessions, an extra session was given. (b) Behavioural 
therapy: Clinicians worked with parents to develop a 
behavioural training program that included positive rein-
forcement, elimination and punishment. They developed 
personalized behaviour training programs and scoring 
standards. The scores were calculated according to the 
completion rate and difficulty level of the task. Children 
were given verbal praise, appropriate material rewards or 
activity rewards immediately after the appropriate behav-
iour. When points accumulated to the expected goal, 
additional rewards were given. For elimination, instead 
of hitting and scolding children, the parents cancelled or 
delayed the material reward when the children misbe-
haved. For punishment, children with impulsive, aggres-
sive behaviour were temporarily isolated or were

immediately removed from the scene. When the chil-
dren were calm, the reason for punishment was given to 
help them identify the consequences of poor behaviour. 
We cooperated with teachers to help track the children’s 
situation in kindergarten, including whether they obey 
the order of activities, completion of tasks, instructions 
of teachers, relationships with peers, etc., and with feed-
back to parents and/or physicians in the form of daily 
report cards. (c) Attention training: According to the 
attention time of children at T1, the goal of family atten-
tion training was set, and children were trained twice a 
day under the supervision of parents. Adjusted goals 
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regularly according to the children’s situation (d) Relief 
therapy: Children were allowed to speak their dissatis-
faction with others so as to release negative emotions. 
Scheduled activities such as sports and entertainment 
helped children release excess energy. (e) Game therapy: 
Role-playing games were designed to stimulate children’s 
enthusiasm and to increase their concentration. The 
behavioural intervention lasted for one year. Household 
performance was regularly monitored. Outpatient inter-
views were conducted weekly for the first two months of 
intervention, and once every two weeks for the remainder 
of the period. The outpatient interview was conducted 
in a face-to-face interview between the paediatricians 
and the children’s parents. The interview aimed to (a) 
enhance parents’ and children’s motivation, (b) assess 
parents’ education methods, conduct parent training and 
guide improvements, (c) check the implementation of the 
family training program to ensure that they understand 
the content, (d) adjust the training program to the situa-
tion of children at all times. The outpatient interview fol-
low-up lasted for 29.36 minutes on average (SD=2.36). If 
the child or parent was found to be unwilling or unable to 
effectively implement the behavioural intervention plan, 
or if an assessment found that additional medication was 
needed, he could withdraw from the study at any time. 
We periodically assessed the child’s condition during the 
follow-up process and decided whether to terminate the 
intervention.

Assessment and Instruments
(a) Attention time: Parents were trained on proper ways 
to track attention span at home. In a quiet environment, 
children were required to complete drawing, writing 
or learning assignments based on their age. Parents or 
physicians observed the children and noted completion 
times without disturbing them. The clock was stopped 
whenever the child was distracted or showed redundant 
movement. This valuation was performed twice a day for 
14 consecutive days, and the average value was used for 
analyses.

(b) Conners parent symptom questionnaire (PSQ): This 
scale was created by Conners to developed comprehen-
sive checklist for acquiring parental reports of the basic 
presenting problems [23]. It comprises 48 items and 6 
subscales: conduct problems, difficulties in learning, psy-
chosomatic disorders, impulsivity/hyperactivity, anxiety 
and hyperactivity index [24]. The scale was rated on a 
4-point frequency scale ranging from never to frequently. 
The higher the score is , the more severe the symptoms. 
The Cronbach’s alpha for PSQ in this study was 0.91. We 
used impulse-hyperactivity and hyperactivity indices for 

evaluation. The parents were interviewed by the physi-
cians at the clinic to complete the assessment.

(c) Integrated Visual and Auditory Continuous Perfor-
mance Test (IVA-CPT): Sustained selective attention was 
assessed by the IVA-CPT (IVA+Plus, www.​brain​train.​
com) [25], which is a 20-min test with 500 trials of 1 s 
and 2 s presented in a pseudorandom order to the visual 
and/or auditor modalities. For this test, the subject clicks 
the mouse only when a 1 (but not a 2) is seen or heard. 
The subject’s responses during the test capture abilities of 
attention, control and focus, both collectively and indi-
vidually, within the auditory and visual domains. Trained 
physicians administered the testing to all participants, 
and responses were converted to age-normed standard 
scores. In this study, the full-scale attention quotient 
(FAQ) and full-scale response control quotient (FRCQ) 
were used to evaluate the participants’ attention deficit 
and response control, respectively.

Data collection
Patient information was obtained from the medical 
records. The research group conducted weekly quality 
control analyses to eliminate unqualified data.

Sample size
Based on the pre-experiment, we conclude that a mod-
erate impact amount of 0.5 was detected in the clinically 
assessed PSQ score (i.e., the difference in average change 
between the behavioural group and conventional group 
from start to 12 months), with a two-sided 5% signifi-
cance level and 80% power. Each group should have at 
least 85 participants. The number of outpatient visits in 
the study hospital can ensure a sufficient sample size.

Randomization
Children were randomized using SPSS 26.0 based on 
their medical card numbers. The physicians generated 
the allocation sequence and enrolled participants.

Blinding
All physicians who performed the intervention signed a 
memorandum of understanding and agreed not to share 
intervention materials with nonparticipating families 
or paediatricians. The physicians who were responsible 
for the outcome assessment and data analysts were not 
informed of the treatment grouping. Grouping details 
were not uncovered until the trial ended unless an emer-
gency occurred.

Quality control
The physicians who participated in the evaluation were 
trained to a uniform standard. This training and inter-
vention were described in detail in a parent training class. 

http://www.braintrain.com
http://www.braintrain.com
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All anthropometric measurements were performed using 
the same instrument. We kept a complete list of trial 
records, including a list of any outcome data to be col-
lected for participants who discontinued the intervention 
protocols. Plans for data entry, coding, security and stor-
age, including any related processes were performed to 
promote data quality. At the end of the trial, 10% of chil-
dren were randomly selected by a third party to review 
the assessment results. The data monitoring committee 
consisted of personnel with no competitive interest and 
reviewed all data records and statistical results at the end 
of the trial.

Statistical analyses
Continuous variables were reported as the mean±SD. 
Categorical variables were shown as numbers (percent-
ages) to describe baseline characteristics. Linear mixed-
effects models (LMMs) were used to test changes in 
outcomes over time, and age was used as a moderating 
factor. The subjects who quitted the experiment were 
analysed for baseline data. If applicable, all hypotheses 
tests were two-tailed. P=<0.05 indicated statistical sig-
nificance. Statistical analyses were done using SPSS 26.0.

Results
Study participants
The participants’ mean age was 66.87 (SD=7.75) months. 
A total of 126 (70.6%) participants  were male, and 59 
(29.4%) were female. The total sample contained 201 
children, including 100 in the behavioural intervention 
group and 101 in the conventional group. The duration of 
intervention was 12 months. A total of 190 participants 
completed a follow-up six months after the intervention 
(Fig. 1). At T1, the attention time and PSQ scores of the 
children who left the study were not different from those 
of the children who completed the study (P> 0.05).

Among the 201 participants, The 126 (62.7%) children 
were diagnosed with inattention type (ADHD-I), 28 
(13.9%) with hyperactive-impulsive type (ADHD-H), and 
47 (23.4%) with combined type (ADHD-C). Diagnoses 
were made by the attending paediatrician or adolescent 
psychiatrist. The groups’ baseline characteristics were 
comparable (Table 1). There was no gender difference in 
the IQ distribution between the two groups. In the con-
ventional group, boys were older than girls, but in the 
behavioural intervention group, there was no difference 
in age between boys and girls (Table 2).

Fig. 1  Technical road map. Before intervention, there were 101 and 100 participants in the conventional group and the behavioural intervention 
group, respectively. At the end of the intervention (one year later), there were 98 participants in the conventional group and 97 in the behavioural 
intervention group. Six months after the intervention, 95 participants were followed up in both two groups
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Intervention and follow‑up
The attention time, impulsivity hyperactivity, hyperac-
tivity index, FAQ and FRCQ scores of the two groups 
of children at different times were showed in Table  3. 
At T1, the attention time of the behavioural group was 
5.02, while that of the conventional group was 5.24, 
which were 8.68 and 7.55 at T2 and 9.13 and 7.80 at T3, 
respectively. At T1, the impulsivity hyperactivity of the 
behavioural group was 1.85, while that of the conven-
tional group was 1.74, which were 1.29 and 1.55 at T2 and 
1.19 and 1.45 at T3, respectively. At T1, the hyperactivity 
index of the behavioural group was 2.08, while that of the 
conventional group was 2.22, which were 1.68 and 1.95 
at T2 and 1.58 and 1.84 at T3, respectively. Differences 
in attention time, impulsivity hyperactivity, hyperactiv-
ity index, FAQ and FRCQ were examined for changes in 

values-values, F values were determined by mixed-effects 
linear model analyses using time, group and time*group 
as fixed effects, subjects as random effects, and gender 
and age as the covariates. There was a significant main 
effect of time (pretest/posttest/follow-up) and group on 
all outcome measures (t =-12.549-4.069, p<0.05), and a 
significant interaction of time and group was found on 
attention time, impulsivity hyperactivity, FAQ and FRCQ 
(t =-3.600-3.313, p<0.05), which were shown in Table 4.

Discussion
Given recent studies on the lack of long-term efficacy 
and tolerance to extended use of central nervous system 
stimulants, it is necessary to limit life-long dosing [26], 
especially for preschoolers. Here, we show that add-
ing behavioural interventions to traditional treatments 
effectively improves behavioural challenges and reduces 
ADHD symptoms in children. We experimentally exam-
ined the long-term effectiveness of behavioural inter-
vention on children with ADHD and found persistent 
improvements in child behaviour during the course of 
intervention and follow-up. Children with ADHD were 
followed up for 18 months and completed the attention 
time, PSQ and IVA-CPT at the baseline (T1) , 12 months 
(T2) and 6 months after the intervention (T3) .Dur-
ing intervention and follow-up, children in both groups 
had longer attention spans, lower PSQ scores (impulsiv-
ity hyperactivity and hyperactivity index) and increased 
FAQ and FRCR. The behavioural group improved sig-
nificantly compared with the conventional group. These 

Table 1  Descriptive information of children in both two groups

a  Fisher exact probability

Items Behavioural 
group 
(n=100)

Conventional 
group 
(n=101)

t/χ2 P value

Age [month, M (SD)] 66.17 (9.00) 67.54 (6.22) -1.258 0.210

Gender male n (%) 67 (67.00%) 75 (74.26%) 1.276 0.259

ADHD- I n (%) 57 (57.00%) 69 (68.32%) 2.752 0.253

ADHD-H n (%) 16 (16.00%) 12 (11.88%)

ADHD-C n (%) 27 (27.00%) 20 (19.80%)

Child IQ [M (SD)] 96.18 (7.91) 94.63 (8.02% ) 1.370 0.172

At kindergartenn(%) 96 (96.0%) 100 (99.0%) ----a 0.212

Table 2  Age and IQ distribution by gender between the two groups

Group Items Boys (n=95) Girls (n=95) t P value

Behavioural group Age [month, M (SD)] 66.64 (9.45) 65.21 (8.08) 0.745 0.458

Child IQ [month, M (SD)] 96.73 (8.26) 95.02 (7.14) 1.067 0.290

Conventional group Age [month, M (SD)] 68.40 (6.09) 65.08 (6.05) 2.401 0.018

Child IQ [month, M (SD)] 93.34 (8.04) 95.46 (8.05) 0.610 0.543

Table 3  The Impulsivity hyperactivity, hyperactivity index,attention time, FAQ and FRCQ of two groups of children with ADHD at 
different times

Items Behaviour group (n=95) Conventional group (n=95)

Pre-intervention 
(T1)

Post-intervention 
(T2)

Follow-up  (T3) Pre-intervention 
(T1)

Post-intervention 
(T2)

Follow-up  (T3)

Attention time 5.02 (1.62) 8.68 (1.94) 9.13 (2.14) 5.24 (2.23) 7.55 (2.16) 7.80 (2.30)

Impulsivity hyper‑
activity

1.85 (0.65) 1.29 (0.30) 1.19 (034) 1.74 (0.65) 1.55 (0.60) 1.45 (0.48)

Hyperactivity index 2.08 (0.54) 1.68 (0.53) 1.58 (0.53) 2.22 (0.41) 1.95 (0.40) 1.84 (0.41)

FAQ 77.54 (11.76) 92.41 (8.03) 93.83 (8.09) 76.30 (8.92) 88.11 (6.46) 88.37 (6.42)

FRCQ 70.69 (5.27) 94.60 (9.76) 99.92 (6.69) 71.69 (8.46) 94.55 (10.37) 96.29 (9.20)
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improvements remained stable over a 6-month period, 
which indicated that gains achieved at posttest remained 
stable over time.

In this study, we show that adding behavioural inter-
ventions to traditional treatments effectively improves 
behaviour and reduces ADHD symptoms in children.

Because the PSQ score outcome measures were parent-
reported, it was possible that the test data were influ-
enced by socially desirable response bias. In recent years, 
scholars have focused on developing objective ADHD 
assessment tools [27]. Past studies showed that IVA-CPT 
accurately identified children with ADHD [28]. Thus, it 
was used for auxiliary ADHD diagnosis and to evaluate 
treatment efficacy. Different from the existing studies, in 
addition to IVA-CPT, we also used children’s attention 
time measured under strict quality control as an objec-
tive indicator. The evaluation of these objective indicators 
provided evidence for the effectiveness of behavioural 
therapy.

The reported behavioural therapy included parent 
training programmes, instruction manuals for par-
ents and regular teleconferencing by professionals [21]. 
Our research design was slightly different. Our inter-
ventions included on-site parent training, behavioural 
therapy programmes and regular one-on-one outpa-
tient interviews and evaluations. As one of the baseline 
data, attention time was one of the bases for formulat-
ing attention training in behavioural intervention. These 
advantages lay in strengthening the interactions among 
physicians, parents and children, timely identification 
of inappropriate family behaviour interventions, help-
ing parents understand children’s attention, judging the 

effect of behaviour interventions, observing and collect-
ing changes in children’s symptoms in a timely manner, 
adjusting personalized behavioural therapy programs, 
providing personalized counselling and treatment strate-
gies for parents, and improving compliance.

The results of a randomized controlled study [29] of 
IVA-CPT tests in children with ADHD showed that 
behavioural therapy was more effective in response con-
trol and attention improvement than biofeedback and 
pharmacological therapy. Recent studies using within-
subject and RCT designs to evaluate various medica-
tion doses in various combinations with behavioural 
treatments [30], have consistently shown that intensive 
behaviour modification achieves acute effects similar 
to relatively high medication doses. Those studies pro-
vided evidence for the effectiveness of behavioural inter-
ventions that reduce behavioural problems in children, 
as well as attention loss, impulsivity and hyperactivity 
issues, consistent with our findings.

behavioural management training for parents aims at 
modifying parenting behaviour and enhancing their skills 
to improve ADHD symptoms in children. The evaluation 
showed that parent management training interventions 
were effective in reducing children’s ADHD and related 
symptoms [5]. It was shown that even brief parenting 
intervention can reduce child externalizing behaviours 
and dysfunctional parenting strategies. The changes were 
maintained at 6-month and 1-year assessments [31, 32]. 
A randomized controlled trial found that gains from self-
directed behavioural family intervention can even remain 
3 years after its completion [33]. These reports were con-
sistent with our findings that overall behavioural prob-
lems continued to improve from assessment to follow-up 
and remained stable for 6 months. However, our study 
was followed up only 6 months after the intervention, 
and future studies should have longer follow-up times to 
determine long-term outcomes.

Inadequate access to interventions by education, health 
and mental health professionals, and cross-system col-
laboration are challenges for behavioural therapy. The 
US developed the collaborative life skills (CLS) program 
[34], which was implemented in schools by school men-
tal health providers (SMHP) and offered to students with 
ADHD presentations. Students assigned to CLS showed 
significantly greater improvement at follow-up. The study 
showed that CLS improved ADHD and ODD symptoms, 
as well as organizational skills and academic competence, 
which were maintained into the next school year.

This study confirmed the efficacy of strict behaviour 
management by parents under the guidance of physicians 
for children with ADHD. However, for children starting 
kindergarten, behaviour management in school is equally 
important. In the future we plan to expand the scope of 

Table 4  The estimates of fixed effects of the impulsivity 
hyperactivity, hyperactivity index,attention time, FAQ and FRCQ

Items t p 95% CI

Attention time group 4.069 0.000 0.677 1.952

time -7.475 0.000 -3.446 -2.011

group*time -3.600 0.000 -2.393 -0.702

Impulsivity hyperactivity group -4.069 0.000 -0.368 -0.128

time 4.540 0.000 0.237 0.599

group*time 3.313 0.001 0.150 0.589

Hyperactivity index group -4.005 0.000 -0.408 -0.139

time 3.608 0.000 0.136 0.463

group*time 1.402 0.162 -0.055 0.329

FAQ group 3.914 0.000 2.498 7.612

time -3.247 0.001 -11.767 -2.889

group*time -2.031 0.044 -9.170 -0.136

FRCQ group 2.492 0.014 0.757 6.615

time -12.549 0.000 -31.013 -22.606

group*time -2.392 0.018 -8.415 -0.814
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behavioural intervention, and physician-teacher-par-
ent-children integrated intervention strategies should 
be established to perform a closed-loop management. 
Structured form management trains teachers in the 
behaviour management procedures in schools to encour-
age children with ADHD to abide by rules, stay on tasks, 
and be productive. In addition to punishment and rein-
forcement, approaches such as daily report cards, token 
economy, time out from positive reinforcement, and their 
effective implementation will be taught. Further high-
quality multicentre studies will be carried out to evaluate 
the long-term outcomes of tripartite behavioural therapy 
by clinicians, parents and school teachers and to stand-
ardize the behaviour management mode of ADHD.

Strengths and Limitations
Due to the close interaction with parents, the rate of loss 
to follow-up in this study was very low. We used strictly 
measured attention time as an objective indicator with 
good reliability. Therefore, it can help parents observe the 
performance of children at any time, as one of the bases 
of family behaviour management, and improve the com-
pliance of parents. The sample size of this study was rela-
tively large to provide sufficient statistical power when 
detecting associations, and mixed-effects models were 
used to correct for possible influencing factors.

There were some limitations in our study. First, due 
to the long duration of the intervention (one year), the 
inclusion of a completely blank control was ethically dis-
allowed. However, we used the conventional approach 
(biofeedback and health education) as the control group 
and observed the advantage of adding behavioural inter-
vention to the conventional approach. Second, our data 
were collected at one hospital, and the parents involved 
in the study may have better education or higher eco-
nomic status than the general population, increasing 
their health care awareness, so the extension in other 
populations remains to be studied.

Conclusions
This study provided a comprehensive behavioural inter-
vention based on the traditional therapy that promoted 
the improvement of ADHD symptoms in preschool chil-
dren. Our data indicated that once skills were established 
through a training intervention, they became routine and 
improved the effectiveness of behavioural therapy,which 
might help to facilitate the long-term clinical outcome 
and quality of life of children with ADHD. Therefore, we 
should formulate a structured behaviour management 
plan to regulate ADHD in the future.

Abbreviations
ADHD: Attention deficit hyperactivity disorder; ODD: Oppositional defiant 
disorder; CD: Conduct disorder.

Acknowledgements
All authors thank the participant’s children and their parents for their active 
participation in the study.

Authors’ contributions
The corresponding author confirms that all listed authors meet the authorship 
criteria and that no other meeting the criteria have been omitted. The authors’ 
contributions to the manuscript are as detailed below: PO: study design, 
quality control and manuscript revision. XXH: data collection, data analysis, 
manuscript drafting and manuscript revision. QFQ: data interpretation and 
data collection. YH: data interpretation and data collection. The author(s) read 
and approved the final manuscript.

Funding
This study was supported by a grant from 2019  Health  Program For TheY‑
oung and Middle-aged Key Talents Of Fujian Province, hina (2019-ZQN-21).

Availability of data and materials
Data are available upon reasonable request. The authors are not authorized to 
share unauthorized data with a third party. However, data for statistical analy‑
sis are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted under the ethical principles of the Declaration of 
Helsinki. The study was approved by the Human Subjects Ethics Commit‑
tee of Fujian  Maternity and Child Healths Hospital (reference number HREC 
2016-009). Parents were informed about the study’s purpose and content. 
A written informed consent was taken from the parents and caregivers. To 
ensure patient privacy, all participants’ personal or sensitive information was 
marked with an alphabetic or numeric code. All authors are in agreement with 
the content of the manuscript.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no conflict of interest.

Author details
1 The ministry of health, Fujian Maternity and Child Health Hospital, Affiliated 
Hospital of Fujian Medical University, 18 Daoshan Road, Fuzhou 350001, Fujian 
Province, People’s Republic of China. 2 The child Health Division, Fujian Mater‑
nity and Child Health Hospital, Affiliated Hospital of Fujian Medical University, 
18 Daoshan Road, Fuzhou 350001, Fujian Province, People’s Republic of China. 

Received: 1 September 2021   Accepted: 30 November 2021

References
	1.	 Fallu A, Dabouz F, Furtado M. A randomized, double-blind, cross-over, 

phase IV trial of oros-methylphenidate (CONCERTA(®)) and generic novo-
methylphenidate ER-C (NOVO-generic). Ther Adv Psychopharmacol. 
2016;6(4):237–51. https://​doi.​org/​10.​1177/​20451​25316​643674.

	2.	 Danielson ML, Visser S, Tuscano C, et al. A national  description  of  treat‑
ment  among  United  States  children  and  adolescents  with attention-
deficit/hyperactivity disorder. J of Pediatrics. 2018;(1(192):240–6. https://​
doi.​org/​10.​1016/j.​jpeds.​2017.​08.​040.

	3.	 Coghil D, Hodgkins P. Health-related quality of life of children with 
attention-deficit/hyperactivity disorder versus children with diabetes and 
healthy controls. Eur Child Adolesc Psychiatry. 2016;25(3):261–71. https://​
doi.​org/​10.​1007/​s00787-​015-​0728-y.

https://doi.org/10.1177/2045125316643674
https://doi.org/10.1016/j.jpeds.2017.08.040
https://doi.org/10.1016/j.jpeds.2017.08.040
https://doi.org/10.1007/s00787-015-0728-y
https://doi.org/10.1007/s00787-015-0728-y


Page 9 of 9Huang et al. BMC Pediatrics          (2021) 21:561 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	4.	 Daley D, vander Oord S, Ferrin M. Behavioural interventions in attention-
deficit/hyperactivity disorder: A meta-analysis of randomized controlled 
trials across multiple outcome domains. J Am Acad Child Adolesc 
Psychiatry. 2014;53(8):835–47. https://​doi.​org/​10.​1016/j.​jaac.​2014.​05.​013.

	5.	 Fabiano GA, Schatz NK, Aloe AM. A systematic review of meta-analyses 
of psychosocial treatment for attention-deficit/hyperactivity disorder. 
Clin Child Fam Psychol Rev. 2015;18(1):77–97. https://​doi.​org/​10.​1007/​
s10567-​015-​0178-6.

	6.	 Moreno-Garcia I, Delgado-Pardo G, Roldan-Blasco C. Attention and 
response control in ADHD. Evaluation through integrated visual and 
auditory continuous performance test. Span J Psychol. 2015;3(18):e1,1–
14. https://​doi.​org/​10.​1017/​sjp.​2015.2.

	7.	 Pfiffner LJ, Rooney ME, Jiang Y, et al. Sustained  Effects  of  Collabora‑
tive  School-Home  Intervention  for  AttentionDeficit/Hyperactivity  Dis‑
order  Symptoms  and  Impairment. J Am Acad Child Adolesc Psychiatry. 
2018;57(4):245–51. https://​doi.​org/​10.​1016/j.​jaac.​2018.​01.​016.

	8.	 Conners CK. Forty years of methylphenidate treatment in Attention 
Deficit/Hyperactivity disorder. J Atten Disord. 2002;6(1):S17–30. https://​
doi.​org/​10.​1177/​07067​43702​00601​s04.

	9.	 Greenhill LL, Pliszka S, Dulcan MK, et al. Practice parameter for the use 
of stimulant medications in the treatment of children, adolescents, and 
adults. J Am Acad Child Adolesc Psychiatry. 2002;41(2):26–49. https://​doi.​
org/​10.​1097/​00004​583-​20020​2001-​00003.

	10.	 Evans SW, Owens JS, Bunford N. Evidence-based psychosocial treatments 
for children and adolescents with attention-deficit/ hyperactivity disor‑
der. J Clin Child Adolesc Psychol. 2014;43(4):527–51. https://​doi.​org/​10.​
1080/​15374​416.​2013.​850700.

	11.	 Pliszka S. AACAP Work Group on Quality Issues. Practice parameter for 
the assessment and treatment of children and adolescents with atten‑
tion deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry. 
2007;46(7):894–921. https://​doi.​org/​10.​1097/​chi.​0b013​e3180​54e724.

	12.	 APA Working Group on Psychoactive Medications for Children and 
Adolescents (2006). Psychopharmacological, psychosocial, and com‑
bined interventions for childhood disorders: Evidence base, contextual 
factors, and future directions. Washington, DC: American Psychological 
Association.

	13.	 Stein MA, Sarampote CS, Waldman ID, et al. A dose-response study of 
OROS methylphenidate in children with attention-deficit/hyperactivity 
disorder. Pediatrics. 2003;112(5):e404. https://​doi.​org/​10.​1542/​peds.​112.5.​
e404.

	14.	 Page TF, Pelham WE III, Fabiano. Comparative cost analysis of sequential, 
adaptive, behavioural, pharmacological, and combined treatments for 
childhood ADHD. J Clin Child Adolesc Psychol. 45(4):2016, 416–427. 
https://​doi.​org/​10.​1080/​15374​416.​2015.​10558​59.

	15.	 Zheng Y, Jing LI. Interpretation of the 2nd edition of Chinese Guidelines 
for the Prevention and Treatment of attention deficit hyperactivity disor‑
der. Chinese J Psychiatry. 2016;49(3):132–5. https://​doi.​org/​10.​3760/​cma.j.​
issn.​1006-​7884.​2016.​03.​002.

	16.	 American Academy of Pediatrics. Subcommittee on Attention Deficit/
Hyperactivity Disorder and Committee on Quality Improvement. Clinical 
practice guideline: treatment of the school-aged child with attention-
deficit/hyperactivity disorder. Pediatrics. 2001;108(4):1033–44. https://​doi.​
org/​10.​1542/​peds.​108.4.​1033.

	17.	 Zheng Y, Jing LI. Chinese guidelines for the prevention and treatment of 
attention deficit hyperactivity disorder China medical electronic: Audio-
visual Publishing House; 2015.

	18.	 Arns M, Clark CR, Trullinger M, et al. Neurofeedback and Attention-Deficit/
Hyperactivity-Disorder (ADHD) in Children: Rating the Evidence and 
Proposed Guidelines. Appl Psychophysiol Biofeedback. 2020;45(2):39–48. 
https://​doi.​org/​10.​1007/​s10484-​020-​09455-2.

	19.	 Sciberras E, Mulraney M, Anderson V. Managing Anxiety in Children With 
ADHD Using Cognitive-Behavioral Therapy: A Pilot Randomized Con‑
trolled Trial. J Atten Disord. 2018;22(5):515–20. https://​doi.​org/​10.​1177/​
10870​54715​584054.

	20.	 Dose C, Hautmann C, Buerger M. Telephone-assisted self-help for parents 
of children with attention-deficit/hyperactivity disorder who have 
residual functional impairment despite methylphenidate treatment: a 
randomized controlled trial. J Child Psychol Psychiatry. 2017;58(6):682–90. 
https://​doi.​org/​10.​1111/​jcpp.​12661.

	21.	 Dopfner M, Liebermann-Jordanidis H, Kinnen C. Long-term  effective‑
ness  of  guided  self-help  for  parents  of  children  with  adhd  in  rou‑

tine  care-an  observational  study. J Atten Disord. 2021;25(2):265–74. 
https://​doi.​org/​10.​1177/​10870​54718​810797.

	22.	 Yq J, Yao M, Gq D, et al. Eeg biofeedback therapy for attention deficit 
Therapeutic effect of hyperactivity disorder in children. J Lanzhou Univ 
(Medical Sciences). 2015;41(1):68–70 74.

	23.	 Conners CK. Symptom patterns in hyperkinetic, neurotic, and normal 
children. Child Dev. 1970;41(3):667–82.

	24.	 Goyette CH, Conners CK, Ulrich RF. Normative data on revised Conners 
parent and teacher rating scales. J Abnorm Child Psychol. 1978;6(2):221–
36. https://​doi.​org/​10.​1007/​bf009​19127.

	25.	 Krizman J, Marian V, Shook A, et al. Subcortical encoding of sound is 
enhanced in bilinguals and relates to executive function advantages. 
Proc Natl Acad Sci USA. 2012;(20):109, 7877–7881. https://​doi.​org/​10.​
1073/​pnas.​12015​75109.

	26.	 Swanson JM, Arnold LE, Molina BSG, et al. Young adult outcomes in the 
follow-up of the multimodal treatment study of attention-deficit/hyper‑
activity disorder: symptom persistence, source discrepancy, and height 
suppression. J Child Psychol Psychiatry. 2017;58(6):663–78. https://​doi.​
org/​10.​1111/​jcpp.​12684.

	27.	 Wolraich ML, Hagan JF Jr, Allan C. Clinical practice guideline for the 
diagnosis, evaluation, and treatment of attention-defificit/hyper activity 
disorder in children and adolescents. Pediatrics. 2019;144(4). https://​doi.​
org/​10.​1542/​peds.​2019-​2528.

	28.	 Tinius TP. The integrated visual and auditory continuous performance 
test as a neuropsychological measure. Arch Clin Neuropsychol. 
2003;18(5):439–54. https://​doi.​org/​10.​1016/​s0887-​6177(02)​00144-0.

	29.	 Moreno-Garcia I, Meneres-Sancho S, Camacho-Vara de Rey C. A rand‑
omized controlled trial to examine the posttreatment efficacy of neu‑
rofeedback, behaviour therapy, and pharmacology on ADHD measures. 
J Atten Disord. 2019;23(4):374–83. https://​doi.​org/​10.​1177/​10870​54717​
693371.

	30.	 Swanson JM, Hinshaw SP, Arnold LE, et al. Secondary evaluations of MTA 
36-month outcomes: Propensity score and growth mixture model analy‑
ses. J Am Acad Child Adolesc Psychiatry. 2007;46(8):1003–14. https://​doi.​
org/​10.​1097/​CHI.​0b013​e3180​686d63.

	31.	 Tully LA, Hunt C. Brief parenting interventions for children at risk of 
externalizing behaviour problems: a systematic review. J Child Fam Stud. 
2016;25:705–19. https://​doi.​org/​10.​1007/​s10826-​015-​0284-6/.

	32.	 Ise E, Kierfeld F, Dopfner M. One-year follow-up of guided self-help for 
parents of preschool children with externalizing behaviour. J Prim Prev. 
2015;36(1):33–40. https://​doi.​org/​10.​1007/​s10935-​014-​0374-z.

	33.	 Sanders MR, Bor W, Morawska A. Maintenance of treatment gains: A 
comparison of enhanced, standard, and self-directed Triple P-Positive 
Parenting Program. J Abnorm Child Psychol. 2007;35(6):983–98. https://​
doi.​org/​10.​1007/​s10802-​007-​9148-x.

	34.	 Pfiffner LJ, Rooney ME, Jiang Y, et al. Sustained Effects of Collaborative 
School-Home Intervention for Attention-Deficit/ Hyperactivity Disorder 
Symptoms and Impairment. J Am Acad Child Adolesc Psychiatry. 
2018;57(4):245–51. https://​doi.​org/​10.​1016/j.​jaac.​2018.​01.​016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jaac.2014.05.013
https://doi.org/10.1007/s10567-015-0178-6
https://doi.org/10.1007/s10567-015-0178-6
https://doi.org/10.1017/sjp.2015.2
https://doi.org/10.1016/j.jaac.2018.01.016
https://doi.org/10.1177/070674370200601s04
https://doi.org/10.1177/070674370200601s04
https://doi.org/10.1097/00004583-200202001-00003
https://doi.org/10.1097/00004583-200202001-00003
https://doi.org/10.1080/15374416.2013.850700
https://doi.org/10.1080/15374416.2013.850700
https://doi.org/10.1097/chi.0b013e318054e724
https://doi.org/10.1542/peds.112.5.e404
https://doi.org/10.1542/peds.112.5.e404
https://doi.org/10.1080/15374416.2015.1055859
https://doi.org/10.3760/cma.j.issn.1006-7884.2016.03.002
https://doi.org/10.3760/cma.j.issn.1006-7884.2016.03.002
https://doi.org/10.1542/peds.108.4.1033
https://doi.org/10.1542/peds.108.4.1033
https://doi.org/10.1007/s10484-020-09455-2
https://doi.org/10.1177/1087054715584054
https://doi.org/10.1177/1087054715584054
https://doi.org/10.1111/jcpp.12661
https://doi.org/10.1177/1087054718810797
https://doi.org/10.1007/bf00919127
https://doi.org/10.1073/pnas.1201575109
https://doi.org/10.1073/pnas.1201575109
https://doi.org/10.1111/jcpp.12684
https://doi.org/10.1111/jcpp.12684
https://doi.org/10.1542/peds.2019-2528
https://doi.org/10.1542/peds.2019-2528
https://doi.org/10.1016/s0887-6177(02)00144-0
https://doi.org/10.1177/1087054717693371
https://doi.org/10.1177/1087054717693371
https://doi.org/10.1097/CHI.0b013e3180686d63
https://doi.org/10.1097/CHI.0b013e3180686d63
https://doi.org/10.1007/s10826-015-0284-6/
https://doi.org/10.1007/s10935-014-0374-z
https://doi.org/10.1007/s10802-007-9148-x
https://doi.org/10.1007/s10802-007-9148-x
https://doi.org/10.1016/j.jaac.2018.01.016

	Long-term effectiveness of behavioural intervention in preschool children with attention deficit hyperactivity disorder in Southeast China – a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Procedure
	Trial registration
	Participants
	Biofeedback
	Behavioural intervention
	Assessment and Instruments
	Data collection
	Sample size
	Randomization
	Blinding
	Quality control
	Statistical analyses

	Results
	Study participants
	Intervention and follow-up

	Discussion
	Strengths and Limitations
	Conclusions
	Acknowledgements
	References


