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Background: With the popularity of computers, the internet, and the global spread
of COVID-19, more and more attention deficit hyperactivity disorder (ADHD) patients
need timely interventions through the internet. At present, there are many online
intervention schemes may help these patients. It is necessary to integrate data to analyze
their effectiveness.

Objectives: Our purpose is to integrate the ADHD online interventions trials, study its
treatment effect and analyze its feasibility, and provide reference information for doctors
in other institutions to formulate better treatment plans.

Methods: \We searched PubMed, EMBASE and Cochrane libraries. We didn’t limit the
start date and end date of search results. Our last search was on December 1, 2021.
The keyword is ADHD online therapy. We used the Cochrane bias risk tool to assess the
quality of included studies, used the standardized mean difference (SMD) as an effect
scale indicator to measure data. Random effects model, subgroup analysis were used
to analyze the data.

Results: Six randomized controlled trials (RCTs) were identified, including 261 patients
with ADHD. These studies showed that online interventions was more effective than
waiting list in improving attention deficit and social function of adults and children with
ADHD. The attention deficit scores of subjects were calculated in six studies. The sample
size of the test group was 123, the sample size of the control group was 133, and the
combined SMD was —0.73 (95% confidence interval: —1.01, —0.44). The social function
scores of subjects were calculated in six studies. The sample size of the experimental
group was 123 and the control group was 133. The combined SMD was —0.59 (95%
confidence interval: —0.85, —0.33).

Conclusions: The results show that online interventions of ADHD may be an effective
intervention. In the future, we need more online intervention researches to improve the
symptoms of different patients, especially for some patients who have difficulties in
accepting face-to-face treatment.

Keywords: online therapy, cognitive behavioral therapy, meta-analysis, systematic review, attention
deficit/hyperactivity disorder

Frontiers in Psychology | www.frontiersin.org

1 June 2022 | Volume 13 | Article 854810


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.854810
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.854810&domain=pdf&date_stamp=2022-06-28
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:drjhwang@bucm.edu.cn
https://doi.org/10.3389/fpsyg.2022.854810
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.854810/full

Shou et al.

The Online Intervention for ADHD

INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is currently
considered to be a developmental disorder. It occurs in childhood
and is characterized by difficulty in concentration, hyperactivity,
and impulsive personality. The pathogenesis of ADHD has
not been thoroughly studied, and various studies show the
complexity of the disease (Faraone et al, 2015). This disease
will not only affect an individual’s learning function, but also
bring emotional problems and daily life problems (Reimherr
et al., 2020), such as marriage (Anastopoulos et al., 2009), and
friendship (Pringsheim et al., 2015). At present, the prevalence
of ADHD in children has exceeded 5% (Kuja-Halkola et al,
2021). At the same time, many children’s academic performance
is affected by the emergence of this disease (Matthys et al., 1999).
Even adult college students will be troubled by ADHD, resulting
in learning difficulties (Anastopoulos et al., 2016). Although
many drugs can improve some symptoms of ADHD, it is still
difficult to change their cognitive function and improve their
academic performance. Because these drugs can only improve
attention in a short time, they often do not help to learn the
work that requires long-term attention, and even hinder the
completion of related tasks (Bidwell et al., 2011). On the contrary,
researchers found that nonpharmaceutical research can help
patients effectively maintain the progress of various learning and
life functions for a long time, and has the advantage of fewer side
effects. Therefore, researchers gradually focus on the research of
nonpharmaceutical treatment (Molina et al., 2009).

In addition, in some areas, the diagnosis, treatment and
care of ADHD are often difficult to be continuous because of
insufficient intervention intensity and medical support (Zima
et al, 2010). To solve this problem, some scholars began
to develop a remote intervention to help patients who have
difficulties in communicating face-to-face with doctors in
medical institutions for various reasons (Epstein et al., 2011).
Some studies have shown that the remote intervention has
a high completion rate, and both doctors and patients are
willing to participate in remote intervention. It is believed that
there are still some differences between teletherapy and other
treatments (Vander Stoep and Myers, 2013). If professional
training can be carried out, the curative effect of teletherapy may
be improved (Vander Stoep and Myers, 2013). Because face-to-
face communication based on network is more conducive to
the communication between doctors and patients than telephone
communication, some studies have begun to explore remote
face-to-face intervention through network. A study showed that
after network-based education and nursing education for ADHD
families, the symptom reports of parents of ADHD children
have been significantly improved, which has a certain effect of
adjuvant treatment. Another study showed through a controlled
experiment that after the network-based education and nursing
education in addition to drug treatment for ADHD families, the
attention report of ADHD children’s parents has achieved a better
curative effect than that of patients’ families without remote
intervention, and has a certain adjuvant treatment effect. These
studies also believe that the functional impairment of ADHD
patients may still need to be treated through behavioral training

(Vander Stoep and Myers, 2013; Epstein et al., 2016). A survey
shows that adult tic patients are often treated with drugs and
rarely have the opportunity to receive psychotherapy (Kessler
et al., 2006). These three studies reflect the importance of long-
distance treatment therapy development for the treatment of
ADHD from different aspects.

Nowadays, as one of the means of the remote treatment,
online intervention can help some patients solve the problem that
it is difficult to get treatment in time. Especially during the novel
coronavirus epidemic, the reduction of personnel mobility can
help to prevent the spread of the epidemic. But the efficacy of
online interventions has not been comprehensively analyzed by
researchers. Therefore, this study will analyze the effect of online
treatment by analyzing the results of randomized controlled trials
of online treatment of ADHD, so as to evaluate their efficacy
in reducing cognitive and social disorders of this disease and
provide decision-making basis for clinical workers.

METHODS
Search Strategy

Our study was done in accordance with the guidance of the
PRISMA statement (Page et al.,, 2021). We searched PubMed,
EMBASE and Cochrane libraries. We didn’t limit the start date
and end date of search results. Our last search was on December
1, 2021. The keyword is ADHD treated online. Search terms
included “online therapy” and “attention deficit hyperactivity
disorder,” along with numerous other related terms. We limited
the study language to English. The full search strategies are
detailed in the additional files.

Three reviewers (SST, XXY, and LYL) working independently
considered the potential eligibility of each of the abstracts
generated by the search strategy. We will ask the authors of some
studies for help by email so that we can obtain all the data.
Articles are screened independently by the three reviewers and
any differences will be settled through negotiation.

Inclusion and Exclusion Criteria

Our study only included RCT, and the intervention form
of the experimental group must be online intervention. The
intervention form of the control group should be waiting list.
The results were evaluated within 1 month after treatment.
The subjects were patients with ADHD. The evaluation tool is
the relevant scale used by ADHD. Considering that there are
many scales to evaluate attention deficit and social function, we
choose validated scales such as ADHD-Rating Scale (ADHD-RS)
(Dupaul et al., 1998) and ADHD current symptoms scale (ADHD
CSS) (Fuchs, 1999), ADHD self-report scale (ASRS) (Kessler
et al., 2005), etc. The score change of ADHD related scale was
used as the outcome index. We excluded studies in which the
control group also used cognitive behavioral therapy or did not
score the social function of patients with ADHD in the study.

Study Selection and Data Extraction

This study extracted these data from the full text of various
studies: (1) The name of the first author; (2) Year of publication of
the study; (3) Sample size of the study; (4) The mean and standard
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TABLE 1 | Characteristics of the literature included in the study.

Researcher Year Nationality Sample size of Sample size of Intervention Duration of ADHD Social function JADAD
intervention control group methods interventio outcome outcome
group (Mean (Mean age or measures measures
age or range) range)
Ashley F. McDermott 2016 USA 6(8-12) 7(8-12) FFM/Waitlist 8 week ADHD-RS Cal 5
Birger Moell, 2014  Sweden 26 (36.3) 27 (37.3) CBT/Waitlist 6 week ASRS SDS 6
George J. DuPaul 2017 USA 3(4.52) 5(4.27) BPT/Waitlist 10 week Conners (I/0) P-DCI 5
Nike Franke 2016  Australa 27 (3-4) 26 (3-4) TPOL/Waitlist 16 week Con Hyp/Inatt Con SocFunct 5
Penny Corkum 2015 Canada 28 (8.82) 30 (8.38) OWL/Waitlist 6 week Conners3-T Parent 7
ADHD Index T impairment
scores ratings raw
score
Richard Pettersson 2016  Sweden 13(38.92) 18 (33.78) iCBT/Waitlist 10 week CSS COPM 5
performanc

FFM, Feed-Forward Modeling System; CBT, Cognitive Behavioral Bherapy; BPT, Behavioral Parent Training; TPO, Triple P Online; OWL, Online Web Learning; iCBT, Internet-based
Cognitive Behavioral Therapy; ADHD-RS, ADHD-Rating Scale;, CGl, Clinical Global Impression; ASRS, ADHD Self-Report Scale; SDS, Sheehan Disability Scale; ADHD CSS, ADHD
Current Symptoms Scale; Conners (I/0), Conners Inattention/Overactivity; P-DCI, parent-child dysfunctional interactions; COPM, Canadian Occupational Performance Measure; JADAD,
Jadad scale is a tool to independently evaluate the quality of clinical trial methodology (1-3 points are regarded as low quality and 4-7 points are regarded as high quality).

deviation (SD) of the subject’s age or the subject’s age range;
(5) Outcome indicators; (6) Research intervention methods; (7)
Duration of intervention. The above information is summarized
in Table 1, reviewed by three reviewers, and a unified opinion
is formed after negotiating different opinions. The researchers
checked repeatedly to ensure the accuracy of test data input.

Effect Size

We used Review Manager 5.3 to analyze the data of each study.
The efficacy was evaluated according to the mean and SD of
each study (Weisman et al., 2013). By comparing the data of the
experimental group and the control group, the overall differences
between the two groups were compared. The total clinical score,
social function score of the two groups were drawn by forest plot.

Quality Assessments

In this study, the quality of the article was evaluated
according to the relevant standards in the Cochrane bias
risk assessment tool. Evaluations were made from selection
(including random sequence and assignment concealment),
implementation (including blind method of researchers and
subjects), measurement (blind evaluation of research results),
follow-up (integrity of results data), report (selective report
of research results), and others (other sources of error). The
judgment results of “low-risk bias,” “high-risk bias,” and “unclear”
were made according to the bias risk assessment criteria.
It is displayed in different colors (green, red, and yellow)
(Supplementary Figures 1, 2).

Statistical Analyses

In the study, we take the scale scores of healthy people without
any functional impairment as the benchmark. The greater the
difference between the scores in each group and this benchmark,
the more serious the functional impairment. We will count
this difference as the basis for analyzing various studies. When
analyzing the data, we used Review Manager 5.3 for meta-analysis

to quantitatively synthesize the data. Considering the different
evaluation scales of each experiment, we select the random effect
model and select standard mean difference (SMD) as the effect
scale index of the measurement data (Higgins and Green, 2011),
expressed as 95% confidence interval (CI). According to the Z or
U value or chi-square value, the probability p-value under this
statistic is obtained, and the significance level is set to 0.05. If P
< 0.05, the pooled effect of these studies is statistically significant.
An I-squared value of 25% is considered as low, 50% as moderate,
and 75% as high heterogeneity (Higgins et al., 2003). We analyze
whether the six included studies have publication bias through
Stata 14.

RESULTS
Included Studies

Our search strategy searched 261 articles from the database, of
which six studies met the review criteria (Figure 1). They carried
out treatment programs through mobile phones, computers, and
other electronic devices. One is designed as a game (McDermott
etal., 2020), and two belong to behavioral cognitive therapy (Mo
et al., 2015; Pettersson et al., 2017), two are parental education
intervention (Dupaul et al., 2018; Franke et al., 2020), and one
is teacher education intervention (Corkum et al., 2019). We
list the author, sample size, intervention methods, and related
characteristics in Table 1.

The Effect Size of the Online Interbention
We analyzed ADHD scores in six studies using a random effects
model (Figure 2), with a combined SMD of —0.73 (95% CIL:
—1.01, —0.44; P < 0.00001). The heterogeneity test I> was 17%,
(P = 0.30). In addition, we extracted relevant data from six
studies and analyzed the subjects” social function related scores
(Figure 3). The combined SMD was —0.59 (95% CI: —0.85,
—0.33; P < 0.00001). The heterogeneity test I* was 5%, (P = 0.38).
Both of them belong to low heterogeneity.
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Studies included in review
(n=6)

[ Identification of studies via databases and registers ]
G\
_5 Records removed before
§ Records identified from:Pubmed, screening:
= Embase, Cochrane Library —> Duplicate records removed
E Databases (n = 261) (n=12)
3
~—
" v
Records screened Records excluded
—>
(n=249) Not related to ADHD (n =132)
\ 4
Reports sought for retrieval Reports not retrieved
= (n=117) (n=17)
=
¢
3 \4
Rei)orts assessed for eligibility Reports excluded:
(n=100) Not English(n =11)
Review (n=6)
Other therapy mode(n = 43 )
ADHD other studies(n = 34)
v

FIGURE 1 | PRISMA flowchart of study identification, screening, assessment of eligibility and inclusion for synthesis.

Experimental

udy or Subgroup ea a an a eigh
Ashley F. McDermott 2016 225 146 16 357 9.3 17 12.9%
Birger Mo™ ell 2014 2292 434 26 2793 3.93 27 18.7%
George J. DuPaul 2017 69 129 13 771 8.7 15 11.9%
Nike Franke 2016 62.04 8.78 27 69.33 11.53 26 20.5%
Penny Corkum 2015 71.02 14.57 28 77.85 14.69 30 22.6%
Richard Pettersson 2016 27.31 12.28 13 29.72 817 18 13.5%
Total (95% Cl) 123 133 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 6.04, df =5 (P = 0.30); I*=17%
Test for overall effect: Z = 5.02 (P < 0.00001)

Std. Mean Difference

FIGURE 2 | Attention score of online intervention ADHD compared with waiting list.

Std. Mean Difference

Random, 95% CI IV. Random. 95% CI

-1.06 [1.79, -0.32] —_—

-1.19 [1.78, -0.61] —

-0.73 [1.50, 0.05] —

-0.70 [-1.26, -0.15] —

-0.46 [-0.98, 0.06] —

-0.23 [-0.95, 0.48] SN
-0.73 [-1.01, -0.44] <&

2 0 1 2

Favours [experimental] Favours [control]

Subgroup Analysis

Considering the differences between adults and minors in
age, psychology, physical development and other functions, we
analyzed the subjects of different ages in groups. Considering
that the intervention to the patients themselves in the network
intervention belongs to direct intervention and the intervention
to the patients’ guardians belongs to indirect intervention, we

conducted subgroup analysis on different intervention objectives.
According to the intervention method, patient age, and test
results, we conducted four subgroup analyses, and the scores of
relevant scales were used as the outcome indicators. We analyzed
four subgroups: attention score for patients and educators, I* =
0% (P = 0.48), attention score for children and adults, I> = 0 (P
= 0.64), social function score for patients and educators, I> = 0
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Experimental Control

a O Jogroup ar d an d g
Ashley F. McDermott 2016 314 117 16 4.32 0.58 17 11.4%
Birger Mo ell 2014 16.46 8.97 26 19.04 6.2 27 21.5%
George J. DuPaul 2017 23.2 5.8 13 274 6.2 15 11.1%
Nike Franke 2016 55.22 11.09 27 63.19 11.22 26 20.5%
Penny Corkum 2015 368 1.73 28 45 107 30 22.8%
Richard Pettersson 2016 12 216 13 157 155 18 12.7%
Total (95% CI) 123 133 100.0%

Heterogeneity: Tau? = 0.01; Chi? = 5.27, df = 5 (P = 0.38); I? = 5%
Test for overall effect: Z = 4.44 (P < 0.00001)

FIGURE 3 | Social function score of online intervention ADHD compared with waiting list.

Std. Mean Difference Std. Mean Difference

Random, 95% CI IV. Random.95%CI

-1.26 [-2.01, -0.50]

-0.33[-0.87, 0.21] —=

-0.68 [-1.44, 0.09)] —

-0.70 [1.26, -0.15] —

-0.57 [1.09, -0.04] —

-0.20 [-0.91, 0.52] —_—
-0.59 [-0.85, -0.33] <&

2 4 0 1 2

Favours [experimental] Favours [control]

Experimental Control

1.3.1 Patients

Ashley F. McDermott 2016 225 146 16 357 9.3 17 12.9%
Birger Mo™ ell 2014 2292 434 26 2793 3.93 27 18.7%
Richard Pettersson 2016 27.31 12.28 13 29.72 8.7 18 13.5%
Subtotal (95% ClI) 55 62 451%
Heterogeneity: Tau? = 0.15; Chi? = 4.46, df =2 (P = 0.11); 1> = 55%

Test for overall effect: Z = 2.85 (P = 0.004)

1.3.2 Educators

George J. DuPaul 2017 69 129 13 771 8.7 15 11.9%
Nike Franke 2016 62.04 878 27 69.33 11.53 26 20.5%
Penny Corkum 2015 71.02 14.57 28 77.85 14.69 30 22.6%
Subtotal (95% Cl) 68 71 54.9%
Heterogeneity: Tau? = 0.00; Chi* = 0.51, df =2 (P = 0.78); I? = 0%

Test for overall effect: Z = 3.47 (P = 0.0005)

Total (95% CI) 123 133 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 6.04, df =5 (P = 0.30); I?=17%
Test for overall effect: Z = 5.02 (P < 0.00001)
Test for subaroup differences: Chi? = 0.50. df = 1 (P = 0.48). I? = 0%

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI

FIGURE 4 | Subgroup analysis of attention score of online intervention ADHD compared with waiting list (for patients or educators).
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-0.73 [-1.01, -0.44] L 4

4 2 0 2 4

Favours [experimental] Favours [control]

(P = 0.83), and social function score for children and adults I*
= 65.8% (P = 0.09). There was no heterogeneity in these four
subgroup analyses (Figures 4-7).

Publication Bias

Egger’s test in Stata 14 were used to analyze the
publication bias of the study, and we drew the funnel plot
(Supplementary Figures 3, 4). According to the egger’s test of
ADHD score, P = 0.851. According to the egger’s test of the score
of social function, P = 0.483. There was no publication bias in
the study.

DISCUSSION

We searched a total of six studies that met the criteria and
conducted a meta-analysis of six studies. We found that the
response of ADHD patients after online intervention is better
than that of the control group. This treatment can improve their
attention and improve their social function, which may be a
potential treatment.

At present, although some medical organizations in the
United States (Pliszka, 2007), Canada (Edition, 2011), Latin

America (Palacio et al., 2009), and Europe (Dalrymple et al.,
2019) believe that drug treatment is very important, they still
suggest that psychological and behavioral education intervention
should be given priority in the treatment of patients. Although
many drugs can be used to treat ADHD, statistics showed
that 10-13% of patients had adverse reactions as early as the
last century (Goldman et al., 1998), such as loss of appetite,
insomnia, anxiety, irritability, or convulsions. For example,
Atomoxetine may increase the risk of suicide, methylphenidate
may hinder the growth and development of children, and
clonidine may lead to hypotension (Daughton and Kratochvil,
2009). Under the epidemic of novel coronavirus pneumonia, the
online intervention is particularly important (Kniffin et al., 2021).
Especially behavioral therapy, educational support, psychological
intervention, and other intervention methods are very suitable
to be combined with the network for large-scale dissemination.
In this study, we analyzed the efficacy of several online therapies
through meta-analysis. We believe that the online intervention
may be beneficial to current patients to reduce the symptoms
of ADHD.

In addition to the test results, another objective of our study is
to study the characteristics of effective interventions. In 3 of the 6
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Experimental Control

1.4.1 children

Ashley F. McDermott 2016 225 146 16 357 9.3 17 12.9%
George J. DuPaul 2017 69 129 13 771 8.7 15 11.9%
Nike Franke 2016 62.04 8.78 27 69.33 11.53 26  20.5%
Subtotal (95% Cl) 56 58 45.2%
Heterogeneity: Tau? = 0.00; Chi* = 0.63, df =2 (P = 0.73); I? = 0%

Test for overall effect: Z = 4.11 (P < 0.0001)

1.4.2 Adult

Birger Mo™ ell 2014 2292 434 26 2793 3.93 27 18.7%
Penny Corkum 2015 71.02 14.57 28 77.85 14.69 30 22.6%
Richard Pettersson 2016 27.31 12.28 13 29.72 8.7 18  13.5%
Subtotal (95% Cl) 67 75 54.8%
Heterogeneity: Tau? = 0.15; Chi? = 5.09, df = 2 (P = 0.08); I = 61%

Test for overall effect: Z = 2.27 (P = 0.02)

Total (95% CI) 123 133 100.0%

Heterogeneity: Tau? = 0.02; Chi? = 6.04, df =5 (P = 0.30); I?=17%
Test for overall effect: Z = 5.02 (P < 0.00001)
Test for subaroup differences: Chi? = 0.22. df = 1 (P = 0.64). I? = 0%

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Random, 95% CI

FIGURE 5 | Subgroup analysis of attention score of online intervention ADHD compared with waiting list (for children or adults).

Std. Mean Difference Std. Mean Difference

IV, Random.95%Cl

-1.06 [-1.79, -0.32] ——

-0.73 [1.50, 0.05] —

-0.70 [-1.26, -0.15] —
-0.81 [-1.19, -0.42] >

-1.19 [1.78, -0.61] —

-0.46 [-0.98, 0.06] —=

-0.23 [-0.95, 0.48] —
-0.64 [-1.20, -0.09] -
-0.73 [-1.01, -0.44] <

4 2 0 2 4

Favours [experimental] Favours [control]

Experimental Control

1.5.1 Patients

Ashley F. McDermott 2016 3.14 117 16 4.32 0.58 17 11.4%
Birger Mo™ ell 2014 16.46 8.97 26 19.04 6.2 27 21.5%
Richard Pettersson 2016 1.2 216 13 157 155 18 12.7%
Subtotal (95% Cl) 55 62 45.6%
Heterogeneity: Tau? = 0.17; Chi* = 4.93, df = 2 (P = 0.09); I = 59%

Test for overall effect: Z = 1.84 (P = 0.07)

1.5.2 Educators

George J. DuPaul 2017 23.2 5.8 13 274 6.2 15 11.1%
Nike Franke 2016 556.22 11.09 27 63.19 11.22 26  20.5%
Penny Corkum 2015 368 1.73 28 45 107 30 22.8%
Subtotal (95% ClI) 68 71 54.4%
Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 2 (P = 0.94); I? = 0%

Test for overall effect: Z = 3.67 (P = 0.0002)

Total (95% CI) 123 133 100.0%

Heterogeneity: Tau? = 0.01; Chi? = 5.27, df = 5 (P = 0.38); I? = 5%
Test for overall effect: Z = 4.44 (P < 0.00001)
Test for subaroup differences: Chi? = 0.04. df = 1 (P = 0.83). I? = 0%

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Random, 95% CI

FIGURE 6 | Subgroup analysis of social function score of online intervention ADHD compared with waiting list (for patients or educators).
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trials, educators for patients with ADHD showed the importance
of the intervention environment. Since some of the participants
included in the study are in school-age or even preschool stage, it
is reasonable to have the influence of parents and teachers among
the factors of intervention. Children of these ages are more likely
to need some form of educator’s help, including long-distance
treatment and face-to-face intervention in life. A study has long
shown that if children live in a conflict environment or abnormal
parenting environment, it may lead to the symptoms of ADHD,
and online intervention is more convenient to help children’s
families correct education and life problems.

The convenience of intervention implementation is the
prominent advantage of online intervention. Before 2017, the
number of global internet users had reached 3.5 billion. In
front of users of this order of magnitude, even evidence-based

medicine programs with low completion rates can provide
considerable potential health impact (Rogers et al., 2018). But
we found that there are few studies on the online treatment of
ADHD in developing countries, which may be caused by the
low network penetration and backward application equipment
in developing countries (Carroll et al, 2017). However, with
the development of online health programs and the progress of
hardware facilities, developing countries may be closer and closer
to telemedicine services, which will help to solve the problem of
shortage and uneven distribution of medical resources, which will
be very beneficial to developing countries (Hoque et al., 2020).
In addition to discussing the characteristics of each trial
separately, we can try to integrate various online intervention
to form a new comprehensive intervention. The targets of
these interventions include the patient’s parents, grandparents,
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1.6.1 children

Ashley F. McDermott 2016 3.14 117 16 4.32 0.58 17 11.4%
George J. DuPaul 2017 232 58 13 274 62 15 11.1%
Nike Franke 2016 55.22 11.09 27 63.19 11.22 26  20.5%
Subtotal (95% Cl) 56 58 43.1%
Heterogeneity: Tau? = 0.00; Chi? = 1.58, df = 2 (P = 0.45); I = 0%

Test for overall effect: Z = 4.27 (P < 0.0001)

1.6.2 Adult

Birger Mo™ ell 2014 16.46 8.97 26 19.04 6.2 27  21.5%
Penny Corkum 2015 368 1.73 28 45 107 30 22.8%
Richard Pettersson 2016 12 216 13 157 155 18 12.7%
Subtotal (95% Cl) 67 75 56.9%
Heterogeneity: Tau? = 0.00; Chi? = 0.76, df = 2 (P = 0.68); I = 0%

Test for overall effect: Z = 2.33 (P = 0.02)

Total (95% Cl) 123 133 100.0%

Heterogeneity: Tau? = 0.01; Chi? = 5.27, df = 5 (P = 0.38); I? = 5%
Test for overall effect: Z = 4.44 (P < 0.00001)
Test for subaroup differences: Chi? = 2.92. df = 1 (P = 0.09). I? = 65.8%

FIGURE 7 | Subgroup analysis of social function score of online intervention ADHD compared with waiting list (for children or adults).
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and other guardians. Doctors can use the influence of family
environment on ADHD children’s attention and social function
to reduce their negative emotions, improve their ability to
pay attention to things in the process of growth, reduce the
risk of children’s future attention reduction, and provide a
rehabilitation environment for attention deficit children. At
the same time, doctors can help children’s families create a
good family atmosphere, let children learn appropriate skills
and communication methods with their families in the process
of daily communication, improve bad behavior problems, and
make patients have enough physical and mental adaptability to
adapt to social communication. At the same time, this kind
of education may be aimed at educators such as teachers in
the school or institution where the patient is located to create
an appropriate learning atmosphere, which is not only effective
for ADHD patients but also helpful for some patients having
symptoms similar to ADHD, to help some patients with implicit
attention deficit. The improvement of this way of education
may not only help patients improve their attention problems,
but also help patients improve their social skills, gradually
adapt to the new social ways in the real society, improve and
correct their related functions, improve people’s tolerance and
understanding of patients, and improve the humanistic quality of
the whole society. In the intervention of the target population, we
should not only carry out symptom trainings regularly but also
formulate portable and feasible training procedures for the target
population to help them train in their spare time at any time,
improve their training initiative and promote their cooperation.
In addition, we can also carry out psychological education for
patients to help them understand the benefits of improving
their ability, or the psychological factors affecting their attention,
and help patients focus on improving their ability instead of
focusing on various entertainment activities to consume their
limited attention.

At present, genetic studies show that the pathogenesis of
ADHD can not be explained by genetics (Posner et al., 2020).

ADHD patients show heterogeneity in symptoms, some patients
have impaired inhibitory function, and some patients have
impaired working memory (Nigg et al., 2005). Considering
that they have great differences in specific models, we can
try to conduct case studies and adopt grounded theory or
narrative medicine according to their life and growth experience,
so as to explore more detailed pathogenic factors. Then we
will conduct large-scale researches to help us find common
characteristics from personal characteristics, to better understand
the disease, develop targeted treatment plans and preventive
measures, and the internet may be the best way to conduct
such a research. Through subgroup analysis, we can see that
the online intervention is equally effective for adult patients
and children patients, which shows that the online intervention
has a wide audience. We can also see that there may have
differences in the intervention effects of adults and children on
social functions, which may be caused by the different social
roles of adults and children. We should give full play to the
advantage of wide audience of online intervention and carry
out targeted intervention content research and development for
patients of different ages. For example, by adding games to the
intervention, the fun of the game may attract more attention
of attention deficit children and enable them to cooperate to
complete the intervention. Adding skills training of different
occupations to adult education can make patients of different
occupations better practice the content of online intervention at
work. In the future, with the development of online treatment
technology, we can try to combine the diagnosis and investigation
of ADHD with game modules, behavioral therapy, and other
intervention means, combined with the education of patients’
parents and teachers, and achieve all-round help by changing the
way of patients and educators, so as to maximize the treatment
effect. In the evaluation of attention function and social function
of patients with tic disorder, the evaluation methods of various
studies are different. In the future, more objective evaluation
methods should be developed, and the same evaluation methods
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should be selected in clinical trials as far as possible, such
as the same teacher evaluation, parent evaluation or patient
self-evaluation. At the same time, the treatment of patients of
different ages should be more targeted.

Our study has some limitations. In terms of evidence validity,
due to the limited number of studies retrieved and the relatively
small sample size, it may not be easy to fully explain the specific
effect of ADHD online treatment and will affect the credibility of
the results. In addition, although statistical studies do not show
significant heterogeneity, there may also be heterogeneous, which
is caused by factors such as race, gender, cultural background,
and different statistical scales. The differences between some
subjective factors and the scale may also affect the results, so
these factors may lead to bias. Therefore, more researches are
needed on the online treatment of ADHD. However, we believe
that the development of online intervention is not without cost.
In the research process, we rarely see statistical data describing
the research and development cost of these studies. Doctors
should comprehensively consider this factor to promote the
popularization of online treatment technology.

CONCLUSION

Through this study, we can see that the effects and methods
of network treatment of ADHD are slightly different, but in
general, it may be an effective treatment and has a lot of
room for development. ADHD has its unique characteristics.
It is a chronic disease, and the course of the disease
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