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Abstract

Background Globally, Internet is a recognized form of leisure, but there are growing apprehensions

about the increasing number of individuals developing an addiction to it. Recent research has focused on social
issues associated with internet addiction (IA). However, the treatment of IA is currently unclear. This study aimed

to explore the relationship between IA treatment outcomes and different intervention strategies through systematic
review and data analysis of patients who received different intervention modes.

Methods A meta-analysis was conducted using RevMan 5.4 and Stata 14.2 on 57 literature research data from five
Chinese and English databases, PubMed, Embase, Web of Science, Wanfang and CNKI.

Result A total of 57 randomized controlled trials (RCTs) were included in this network meta-analysis involving 3538
IA patients and 13 different interventions. The network meta-analysis results demonstrated that the top four interven-
tions were: rTMS 4+ CBT, drug + others, rTMS, and electro-acupuncture + CBT.

Conclusion Our study indicated that comprehensive therapy had an optimal therapeutic effect on IA patients
and rTMS + CBT ranked first among all therapeutic indicators of intervention, indicating optimal clinical effectiveness.

Keywords Internet addiction, Intervention, Network meta-analysis

Background

The internet has revolutionized communication, work,
and access to information, becoming an integral part of
modern life with numerous benefits and conveniences
for users. However, this ubiquitous technology also has
a darker side. Concerns about excessive Internet use
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have been raised in recent years, leading to the con-
cept of Internet addiction (IA). According to statistics,
the incidence of IA among Chinese college students is
11% [1]. IA was first proposed by psychologist Gold-
berg I. In 1996, Young confirmed that IA should be a
true clinical psychological disorder [2]. IA was defined
as the uncontrolled behavior of accessing the internet
without substance, manifested as significant social and
psychological impairment of individuals due to exces-
sive use of the internet [3]. Although IA has not yet
been formally incorporated into the framework of psy-
chopathology, it is a potential problem both in terms of
prevalence and public awareness, with many similari-
ties to existing recognized barriers. Some studies have
shown that IA may be related to abnormal activity in
multiple brain regions and neurotransmitter systems,
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such as the prefrontal cortex, amygdala, ventral pre-
frontal cortex, striatum, and hippocampus [4]. The
Anterior Cingulate Cortex is associated with cognitive
control, impulse control, and attention regulation, and
may play a role in regulating and controlling behav-
ior in IA [5]. The amygdala is involved in emotional
regulation and reward processing, and may play a role
in emotional factors and reinforcement mechanisms
in IA [6]. Symptoms of IA may include loss of control
over internet use, preoccupation with online activities,
neglect of personal responsibilities, and withdrawal
symptoms when internet use is reduced or eliminated
[7]. A range of negative consequences are associated
with IA, including impaired social functioning, aca-
demic and work-related problems, and physical and
mental health problems. Research has shown that IA
is associated with symptoms of ADHD and depressive
disorders [8].

In 2013, Internet gaming addiction (IGD) was first
introduced by the American Psychiatric Association in
the fifth edition of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5) and nine diagnostic
criteria for IGD were listed [9]. Although both IA and
IGD are related to internet usage, IGD is a specific form
of IA, which is addiction to internet games. Therefore,
IGD is a subcategory of IA.

While cognitive-behavioral therapy (CBT), medica-
tion, and group therapy are common treatments for IA,
it is true that there is a lack of data on their effective-
ness. This is because research on IA treatment is still
relatively new and ongoing. More research is needed to
fully understand the most effective treatments for IA
and how to tailor treatment approaches to individual
needs. Research on IA treatment can help us determine
which interventions are most effective for individuals
with IA and improve prognosis. In the meantime, cli-
nicians may use a combination of different treatments
and strategies to help individuals with IA manage their
symptoms and improve their quality of life. This article
summarizes the effects of different intervention models
on IA and explores the relationship between interven-
tion models and effects.

This study focuses on randomized controlled tri-
als (RCTs) as the research object. This study employed
network meta-analysis methods to compare the effec-
tiveness of different treatment methods for treating
IA. This study aims to provide reference and evidence-
based medicine data for clinical diagnosis and therapy
by evaluating the impacts of various intervention mod-
els on IA and examining the relationship between vari-
ous intervention techniques and treatment outcomes.
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Materials and methods

Inclusion and exclusion standard

Inclusion criteria: (1) Published studies on randomized
controlled trials on IA, regardless of whether allocation
concealment and blinding were mentioned in Chinese or
English language; (2) Study subjects meeting one of two
criteria: (a) Diagnosis criteria for IGD in DSM-5, Young’s
Diagnostic Questionnaire for IA, 1997 American Psycho-
logical Association Diagnostic Criteria for IA, or other clin-
ical diagnostic criteria for IA; (b) A score of 40 or higher on
either the Internet Addiction Test (IAT) or Chen’s Internet
Addiction Scale (CIAS) [10-12]; (3) Various scores from
relevant internet addiction scales were used as evaluation
indicators for the treatment effects of different intervention
measures and their combinations; (4) Data extraction was
limited to studies with full texts only.

Exclusion criteria: (1) Review systematic reviews; (2)
Duplicate literature and non-peer-reviewed material;
(3) Studies with outcome indicators that failed to meet
the inclusion requirements or had apparent errors or
omissions.

Search strategy

To identify studies that comply with the inclusion cri-
teria, computer searches were performed in several
databases, including PubMed, Embase, Web of Sci-
ence, Wanfang, and China’s National Knowledge Infra-
structure (CNKI). The databases were searched up to
December 31, 2022, using a combination of controlled
vocabulary and free text terms according to each data-
base’s search rules. The search terms included: Internet
gaming addiction, electronic gaming addiction, online
gaming, pathological internet use, addictive internet
use, gaming disorder, internet addiction, excessive inter-
net use, computer game addiction, internet dependence,
efficacy, randomized, drug therapy, psychotherapy, anti-
depressants, cognitive behavior, randomized controlled,
case—control, clinical trial, intervention, bupropion,
methylphenidate, aripiprazole, sertraline, and fluoxetine.
Two investigators independently conducted computer
and manual searches, with a third expert consulted in the
event of disagreement.

Data extraction

Two researchers independently conducted literature
screening following the predetermined inclusion and
exclusion criteria. The retrieved literature was imported
into literature management software and initially
screened by title and abstract after duplicate removal.
This led to a thorough reading of the complete text and
the final decision regarding inclusion. All data were
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cross-checked and extracted from the included literature
and any discrepancies were resolved by consultation with
a third party. The data extracted included basic informa-
tion about the literature, intervention measures, and out-
come indicators.

Quality assessment

Two researchers strictly assessed the quality of the
included studies according to the Cochrane Handbook
for Systematic Reviews of Randomized Trials. Cochrane
Handbook for Systematic Reviews of Interventions
Version 5.1.0. The Cochrane Collaboration). The tool
includes seven items: random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other biases.
Each item was assessed as "low risk," "unclear risk," and
"high risk."

Statistical analysis

The network Meta-analysis package of Statal4.2 was
used for network meta-analysis and drawing the network
map, and RevMan5.4 was used to evaluate the quality of
the included studies. In the statistical process of network
meta-analysis, since the outcome measurement indica-
tors of the included studies were continuous data and the
scale scoring methods of each study were different, the
standard mean difference (SMDs) of different studies and
the corresponding 95% confidence intervals (Cls) were
used as the effect size to merge the results. First of all,
the collected data is tested with the inconsistency model
to check whether there is good consistency between the
groups and the local areas. If there is consistency, the
consistency model is used for further analysis of the data;
if the inconsistency is significant, the consistency model
cannot be used for subsequent steps. Then, the processed
data were sorted using surface under the cumulative
ranking curve (SUCRA) values [13], and all the process-
ing results were summarized in a rank-heat map [14] to
obtain the ranking of the therapeutic effects of various
interventions. The SUCRA value refers to the area under
the cumulative sequencing probability curve of an inter-
vention, with the value ranging from 0 to 100%. League
tables were also drawn to analyze pairwise comparisons
between interventions, including SMD values and 95%
confidence intervals. Finally, the funnel plot was drawn
using Stata 14.2 to identify whether there was a small
sample effect.

Results

Literature search

A preliminary search yielded 809 English-language stud-
ies and 3012 Chinese-language studies. After reviewing
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the titles and abstracts, 383 articles remained; following
a duplication check and full-text reading, 57 studies were
finally included for the network meta-analysis, compris-
ing 63 comparisons. The steps for literature retrieval are
shown in Fig. 1.

Characteristics of the included studies

The characteristics of 57 included studies [3, 15-70]
are shown in Table 1, which involved 13 interventions,
including psychotherapy/CBT, group psychotherapy,
Mindfulness-Based Cognitive Therapy (MBCT), pla-
cebo/non-intervention, health education, exercise
therapy, electro-acupuncture, drug, EEG biofeed-
back, rTMS, rTMS+CBT, drug+others, and electro-
acupuncture+CBT. A total of 3538 patients with IA
were included, and all included studies had comparable
descriptions.

Risk of bias assessment (Fig. 2)

Two reviewers strictly followed the recommended bias
risk assessment tools in the Cochrane Handbook to
assess the risk of bias for the included studies. For exam-
ple, in terms of randomization methods, 22 studies were
evaluated as "low risk" as they adopted randomized allo-
cation methods such as random number tables, stratified
randomization, and drawing lots. Another 28 studies only
mentioned "randomization” without reporting specific
randomization methods and were evaluated as "unclear
risk." The remaining seven studies randomly assigned
patients according to the admission order and were rated
"high risk." All studies failed to report whether allocation
concealment was performed and was rated as “unclear
risk." Seven studies involved blinding and were rated as
"low risk." All studies had complete data and were rated
as "low risk." Other biases were not mentioned and were
rated as "low risk."

Network meta-analysis

Network figure

A total of 57 randomized controlled trials (RCTs)
reported the effectiveness of different interventions to
treat IA, involving 13 interventions. The size of each node
in the network diagram (Fig. 3) represents the sample size
of the corresponding intervention, and the thickness of
the lines that connect different interventions represents
the number of studies comparing the two interventions.

Analysis result

Network meta-analysis was performed on the included
studies, generating 78 pairwise comparisons with 95%
confidence intervals for the SMD. Please refer to Table 2
for detailed information.
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Fig. 1 Steps of literature retrieval

The results of the network meta-analysis showed that
compared with the placebo/non-intervention group,
drug+others (SMD=-2.26, 95% CI=-3.26~-1.26),
EEG biofeedback (SMD=-1.62, 95% CI=-2.28~-0.95),
rTMS (SMD=-1.22, 95% CI=-1.74~-0.71) showed
statistical significance in the treatment effect of IA.
Compared to the health education group, drug+ oth-
ers (SMD=-4.25, 95% Cl=—6.34~-2.17), rTMS+CBT
(SMD=-7.17, 95% CI=-9.82~-4.53), electro-acupunc-
ture+CBT (SMD=-3.24, 95% CI=-4.84~-1.65), EEG
biofeedback (SMD=-2.90, 95% CI=-5.73~-0.08), rTMS
(SMD=-3.36, 95% CI=-5.56~-1.16), exercise therapy
(SMD=-2.71, 95% CI=-4.78~-0.64), group psychother-
apy (SMD=-2.32, 95% CI=-4.35~-0.30), psychotherapy/
CBT (SMD=-240, 95% CI=-3.82~-0.99), and MBCT
(SMD=-1.90, 95% CI=-3.05~-0.74) have been shown
to be statistically significant in the treatment of IA.

S Studies indentified Additional studies
= through database indentified through
= searching (n=3821) other sources (n=0)
=
[}
=
Studies after reading titles and | —» | Studies excluded (n=3438)
abstracts (n=383)
2 Studies after duplicates —» | Studies excluded(n=115)
§ removed (n=268)
: \
Full-text studies assessed (n=57)| = | Studies excluded(n=211)
@
= Studies included in meta-analysis
g (n=57)

Compared to the psychotherapy/CBT group, rTMS+CBT
(SMD=-4.77, 95% CI=-7.00~-2.54), electro-acupunc-
ture+CBT (SMD=-0.84, 95% CI=-1.58~-0.10), reflect
the difference in therapeutic effect compared to use CBT
alone, combined physical therapy is essential for the
curative effect. Similarly, drug+others (SMD=-2.12,
95% CI=-3.53~-0.70) also showed statistically differ-
ent advantages compared to interventions that only used
drugs. Furthermore, compared to MBCT, psychotherapy/
CBT group, psychotherapy, exercise therapy, electroacu-
puncture, rTMS, EEG biofeedback, and electroacupunc-
ture + CBT, therapeutic efficacy in the rTMS+CBT group
showed optimal differences, and the results were statisti-
cally significant (p <0.05), which further demonstrating the
unique therapeutic effect of rTMS+CBT. This combina-
tion of treatment modalities could provide a reference for
the treatment of IA in the future.
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Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other bias

50%

0% 25% 75%  100%

.Low risk of hias

[]Unclearrisk of hias

Bl Hioh risk of bias

Fig. 2 Bias risk assessment for included studies

Rank

In terms of efficiency, the ranking was rTMS+CBT >
drug + others > rTMS > electro-acupuncture +
CBT > EEG-biofeedback > exercise-therapy >
psychotherapy/CBT > group-psychotherapy >
drug > MBCT > placebo/non-intervention > electro-acu-
puncture > health-education. The specific rank order is
shown in Table 3, and the cumulative probabilities are
shown in Fig. 4.

Inconsistency test

The consistency of each closed-loop result was tested.
Inconsistency factors (IF) showed p=0.4042, indicating
good consistency. All local p>0.05, indicating good con-
sistency among all groups.

Publication bias

The research was roughly symmetrically distributed on
both sides of the midline, indicating that a small sample
effect was less likely to exist as shown in Fig. 5.

Discussion

IA causes serious physical and mental distress and
potential harm to people. Many scholars have investi-
gated prevention and intervention measures for IA in
recent years, resulting in various interventions. There
have been relatively few studies on treating IA, and the
effects of most treatments are limited. To investigate
the efficacy, advantages, and disadvantages of different
treatment methods used alone or in combination, this
study conducted a network meta-analysis of the effi-
cacy of 13 intervention methods. The ranking results
showed that the top four intervention measures in terms

of effectiveness were rTMS combined with CBT, drug
combination with other treatments, rTMS, and electro-
acupuncture combined with CBT. The rankings of vari-
ous comprehensive treatments were also high, indicating
that combined therapy can effectively improve the effect
of IA compared to using a single intervention measure
for treatment.

rTMS combined with CBT

Based on the efficacy ranking, both rTMS combined
with CBT and rTMS alone achieved optimal treatment
effects. Compared with all other interventions except
for drug-combined comprehensive treatment, rTMS
combined with CBT has shown statistical differences.
rTMS is a physical therapy that generates a sequence
of repetitive electromagnetic pulses through an elec-
tromagnetic coil. It can regulate cortical excitability
by acting on specific cortical regions of the brain [71].
Numerous domestic and foreign studies have shown
that rTMS has immense potential to treat substance
dependence [72]. Studies have shown that rTMS treat-
ment targeting the left or right dorsolateral prefrontal
cortex (DLPFC) can fully mobilize the cognitive regu-
latory capacity of the DLPFC, increase the excitability
of cortical areas, and regulate activity by maintaining
functional levels of dopamine and other neurotrans-
mitters in various structures of the reward circuit [73].
Thus, people’s cravings for the Internet will be reduced,
and their addictive behavior will be curtailed. Further-
more, neuroimaging studies have also found that rTMS
applied to DLPFC can effectively inhibit brain cortices
related to addictive behavior and sensation, reduce the
craving of participants with IA, improve their cognitive
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group-psychotherapy

exercise-therapy

electro-acupuncture

rTMS

EEG-biofeedback

electro-acupuncture + CBT

Fig. 3 Network figure about efficient evidence

control and emotional regulation abilities, reward and
cognitive control systems, and thereby reduce the crav-
ing and behavior in IA [74, 75]. IA can significantly
reduce the white matter integrity of DLPFC compared
to normal individuals [76], similar to the changes
observed in drug addiction. Excessive use of the inter-
net can alter the reward and pleasure centers of the
brain, making it difficult to quit addiction. rTMS can
help regulate brain activity and reduce cravings related
to IA.

Simultaneously, CBT is also a major intervention
method for IA in psychotherapy, which is effective in
many randomized controlled studies on IA [77, 78].
The essence of CBT is to correct the cognitive dys-
function of patients with IA. Improving cognitive
control ability may be the key to solving IA [79]. The
results of the network meta-analysis demonstrated
that rTMS combined with CBT treatment was more
effective than rTMS or CBT alone. When people try
to reduce or withdraw from online activities, IA can
lead to withdrawal symptoms. Physical therapy inter-
ventions can help control these physiological and
emotional withdrawal symptoms, making it easier for
patients to receive psychological treatment. Therefore,
people’s desire for the internet will decrease and their
addictive behavior will be restricted [80]. This could
be attributed to the potential of combined treatment
to simultaneously improve the physiological, psycho-
logical, and behavioral aspects of IA, thereby produc-
ing a cumulative effect for better outcomes.
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psychotherapy/CBT

MBCT

health-education

placebo/non-intervention

drug + others

drug

rTMS + CBT

Combination of medication and other therapies
Medication combined with other intervention measures,
as a comprehensive intervention measure, demonstrates
excellent efficacy, outperforming single medication ther-
apy. Many experts believe that IA indicates impulse con-
trol disorders over the internet. This addictive behavior is
classified as compulsive behavior [81]. Researchers sug-
gest that selective serotonin reuptake inhibitors (SSRIs),
as first-line drugs for treating obsessive—compulsive
disorder, may also have optimal therapeutic effects on
patients with IA. The results of our meta-analysis indi-
cated that the efficacy of single drug therapy is only supe-
rior to that of the general intervention group, the placebo
group, and the single electro-acupuncture group and is
comparable to that of a single psychological treatment.
However, when combined with psychological or physical
treatment, it demonstrates excellent results and is statis-
tically significant compared to single-medication therapy.
This may result from medication therapy controlling anx-
iety and depression to a certain extent in IA patients. For
IA patients with poor self-control and resistance to treat-
ment, applying medication first to stabilize the patient’s
emotions and then using psychological or physical treat-
ment can further improve their depressive and anxious
symptoms and cognitive function, thereby reducing their
craving for the internet. Additionally, combined therapy
can reduce the adverse effects of the long-term use of
single medications and improve treatment safety, result-
ing in better outcomes.



Page 11 of 17

:921

(cogeet) (96'1'€0) (500'£97C) (10 (s60 (L7'0'CS ) (0zT'89'1-) o1 uonuaAIaul
80 €0'L- (90'€'98°0-) 0L'L  (8%'L'£0€-) 08°0- L€l (690C0€)9LL- YL L) T L- “8CT) T9'L- (S9O'LEY) €8'L- S0¢C- 9C0 <97€) 9CT- -uou/ogaded
L0 (og0 90 (Gl (800 (€Sv (6£0997-) (Lre uon
ZS0€) 06'L-  (66'0-'C8°€) OV'C- SSEV)TET- 8LY) 1LT (T61'65°€) ¥80-  99°G-) 9EE- <'€'57) 06C- (S9'L-v8¥-) vT€- -7867) LLL- e “Y€9) ST -esnps yijesy
(sS'l'6ler) (col'seer) (vt (€5T'L0°€)
(CEUEET) LS0- (161'9LT) €70 780~ (S0Y'E6'1) 90 o'l 0TV L0'L- (co0zee) SEL-  ~91'8) 8TS- ¥T0- (€00L¥) 9€T- 18w
(OcLesLr) (€£0v97) s OUE9T) iL:B)
(FS'1'2€1-) 80°0 L0 (W6'€080-) LSL 960- (¥6'L'¥6'C-) 050~ (01'0-85'1) ¥8°0- “00/7) LL Y [T0 (L90'L81-) S8'L-  /AdeiayioydAsd
(S¥0'eC L) (60091°C) (61T (ere'soe) Adeiayy
6£0-  (0S€'CS07) 6¥/L Vo'l (8€1'S5'T) 850 (1£0'SST) T60-  -16L) S8~ 610 (L60%8%-) €61 -0ydfsd dnosb
(SS0v8'L-) ey (v8e89T)
(€6'€'£1°0-) 88'L G90- (S6'1'EET) 610 (SL'L'LTT) €50~ “SLL7) or Y- 850 (0 L'/b ) bS'L- Adesay asppiexe
(re0 (60€  (€¥TE0S) ainpund
“LLY) ST (PL0'88Y-) LOT- (£L00'68%) L¥'C- -65°67) ¥€'9- 0€'l- (¥00'£89) tre- -N3e-01109|9
(co'L (LSY'TLT)
(L7181 970 O61zL1)TI0 F199) g8 L (PlTTEE) 680 S
960  (s57'L0°€) Peq
(17T68T) ¥€0- Z85°L7) LT Y- LL0 (OLT98Y-) SEL- -pa94019 533
(851 (60%'88'1-) 19> +2inound
<879 €6°¢- LUl (€91%9°€) LO'L- -Ne-01103|9
(698'6¢1)
¥0'S  (6C9VF0) 6T 18> +SKWLH
(020
“€5e) Tl bip
uonesnpa 19D AdessyloydAsd Adesayy ainpundnde ydeqpasjolq 19D+ 34ndundnde
YyjeaH 109w /Adesayioydhsy dnoup aspiaxg -011333 SW1/ 533 -0 19D+SWII 6nug  sieylo+b6nig  suonusaisul

(2023) 23

Zhu et al. BMIC Psychiatry

[(1D 9%S6) QWS] SisA[eue-e1aw IOMIBN T 3]qeL



Page 12 of 17

(2023) 23:921

Zhu et al. BMIC Psychiatry

00 §¢ 00 00 90 00 se 00 00 10 00 6'99 8y 1SI0M
00 Lt 00 00 Sl 00 JA4 00 1’0 €0 /ol e 6'9¢ yicil
¢o Lol 00 00 143 1’0 rel ¥0 €C 91  6¢l 96 1'6€ YLl
80 c¢l 00 €0 ¥4 90 601 6'¢ LTl 88  C0¢ 6l L6l Yol
91l 80l 00 Sl 6/ 7'l 6/ 8 ¥'0C S9l 'Sl L0 1'8 Y6
9¢ (A 00 8¢ S8 6¢C 144 LTl Yxad 6¢C 90l €0 9l Y18
€e 89 1’0 €8 56 9s €¢C 8Ll 681 rel 98 00 €0 Yyiz
8¢ 99 00 8Ll ¥6 00l 91l 00¢ rel 8§l S/ 00 00 Y19
0s G§Z 1’0 1’81 0L 89l 60 €3l 99 00l 09 00 00 yis
L 68 10 Sye Ll g ¥0 vl S (4 LY 00 00 Yy
Syl 8¢l 90 8¢ oSl ¥¥e €0 'S S0 S0 v 00 00 pig
195 S0 9Y 06 R4 RVAS 1’0 L 00 00 €0 00 00 puc
8y 00 916 00 70 4] 00 00 00 00 00 00 00 1sog

UOIUBAISIUL

19D +2ainpundnde  yoeqpsayolq ainpundnoe  Adesayy AdesayroydAsd 19 uolneonpa -uou

sioylo+bnup bBnip 19D+ SINLA -04310399 -D33 SW.LA -011099 -3SIDI9XD -dnoib /AdessyroydAsd |HgW -yyeay /oqadeid

juswieal] Hues pueqj

sisA|eue-eI3UI }JOMIBU JO sy NsaJ Busplo 3y € ajqeL



Zhu et al. BMIC Psychiatry (2023) 23:921

Page 13 of 17

EEG-biofeedback MBCT drug drug+others

® © | @ @

© - © © - ©

e NE N N

N N o o

o O o o +

123456789101M1213 1234567891011213 1234567 8910111213 12345678910111213
o electro-acupuncture electro-acupuncture+CBT exercise-therapy group-psychotherapy
2 5] =] = =]
= ©- © © ©
Qo N N <
© N N o o
O © O ~ o o
E 12345678910111213 1234567891011213 1234567 8910111213 12345678910111213
g health-education placebo/non-intervention psychotherapy/CBT rTMS
T = © | @ @
= © © - © © -
3 < < - < <
€ o o o o
0 O+ o o o
O 12345678910111213 1234567891011213 12345678910111213 12345678910111213
rTMS+CBT

= < —

@

©

N

R

o

12345678910111213
Rank

Graphs by Treatment

Fig. 4 Cumulative probabilities

Electro-acupuncture and CBT combined treatment

We also noticed that the combination of electro-acu-
puncture and CBT treatment had achieved unexpected
results. Traditional Chinese medicine has a long history
of application in mental illnesses, such as using electro-
acupuncture to treat depression and sleep disorders.
Studies have demonstrated that electro-acupuncture
can promote the recovery of neurons in the affected
brain area [82]. The acupoints used in acupuncture can
increase blood flow or induce electrical potentials in spe-
cific brain regions [83]. As a commonly used treatment
in traditional Chinese medicine, Electro-acupuncture
therapy has gained recognition in treating modern addic-
tive behaviors. The combination of electro-acupuncture
and CBT treatment was shown to significantly reduce
the addiction level and related clinical symptoms of
IGD patients. fMRI is increasingly being used to study
the mechanism of acupuncture. Previous studies have
confirmed that acupuncture and moxibustion can regu-
late the structure and function of the brain regions of
drug addicts and can regulate the functional connec-
tion between the reward and habit systems of IA [84].

Therefore, the regulatory effect of acupuncture on the
brain area of network addiction patients may be a poten-
tial mechanism of acupuncture in-network addiction.
Both electro-acupuncture and cognitive-behavioral ther-
apy have significant positive effects on network-addicted
adolescents. Both treatment methods effectively improve
network addiction patients’ psychological experience and
behavioral expression. However, electro-acupuncture
is more effective than psychological therapy regarding
impulse control and neuron protection. This advantage
may be related to increased NAA and CHO levels in the
prefrontal cortex and anterior cingulate cortex [82]. The
combination of electro-acupuncture and psychological
interventions (cognitive-behavioral therapy, group, psy-
chological therapy combined with individual psycho-
logical therapy) can alleviate the mental symptoms, sleep
quality, and impulse characteristics of network addiction
patients [85]. Its mechanism may be related to increased
brain sensory perception gate function. Psychological
intervention can help relieve the fear of electro-acupunc-
ture and improve the treatment effect, as acupuncture is
an exogenous stimulation that usually accompanies pain.
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Fig. 5 Funnel plot about the 14 interventions in the treatment of IA. A placebo/non-intervention, B health-education, C MBCT, D psychotherapy/
CBT, E group-psychotherapy, F exercise-therapy, G electro-acupuncture, H rTMS, | EEG-biofeedback, J electro-acupuncture + CBT, K rTMS + CBT,

L drug, M drug + others

Combining CBT with electro-acupuncture treatment has
shown superior results compared to using acupuncture
alone, suggesting a synergistic effect between electro-
acupuncture and CBT. In summary, combining electro-
acupuncture and CBT can achieve optimal therapeutic
outcomes.

Other interventions

Compared to comprehensive treatment, we have
observed that the following five interventions, namely
health education, electro-acupuncture, place/non-inter-
vention, MBCT, and drug treatment, have relatively
lower effectiveness. We believe this may be attributed
to the following reasons. Health education often focuses
on encouragement, comfort, and providing knowledge
related to IA, but it fails to address the deep-rooted inner
struggles of patients and alleviate their dependency on
the internet. Therefore, health education is generally less
effective in most cases. As for electroacupuncture treat-
ment, studies have shown that IA patients often experi-
ence strong withdrawal reactions during the initial stages
of treatment, such as restlessness, palpitations, and irri-
tability. As an acupuncture treatment, electroacupunc-
ture may cause swelling and heaviness at the treatment
site, and discomfort may persist for a period of time

after the needles are removed and gradually subside.
Consequently, the compliance and expectations of most
patients are not high, resulting in mediocre therapeutic
effects of using electroacupuncture alone.

MBCT, as a mindfulness and meditation-oriented
treatment method, has been shown in research to reduce
craving for IA by improving the understanding ability
of IA patients, improving loneliness in IA, and reducing
heart rate and cortisol levels [23]. However, due to the
impulsive personality traits of most addiction patients,
many individuals are unable to calm their minds and fully
engage in the understanding and experience provided by
MBCT therapy. Therefore, relying solely on MBCT treat-
ment is ineffective.

The use of drugs alone also fails to achieve better thera-
peutic effects, mainly because in simple applications of
drug therapy, common SSRIs such as sertraline, which
selectively inhibit the reuptake of serotonin by central
neurons, leading to an increase in serotonin concentra-
tion, have slow-acting effects and are associated with side
effects such as gastrointestinal discomfort. Consequently,
patients have low long-term medication tolerance and
poor treatment effectiveness. Moreover, the cognitive
function of patients is still insufficient in medication-only
treatment [3]. On the other hand, combination therapy
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and comprehensive treatment can reduce the adverse
reactions caused by long-term medication use, enhance
treatment safety, and improve treatment effectiveness.
Therefore, a single treatment approach may not be able
to address all the issues, and personalized comprehensive
treatment plans should be developed based on the unique
characteristics of each patient during clinical treatment
to ensure compliance and treatment effectiveness.

IA is a complex multifactorial disorder with numer-
ous physiological, psychological, and social elements. A
single treatment plan can have difficulty addressing all
issues, while a comprehensive therapy can integrate the
advantages and disadvantages of various treatments and
take targeted measures. Although the findings of this
study confirm the safety and feasibility of electro-acu-
puncture + CBT therapy for IA, there are still some limi-
tations. Due to time constraints, the long-term efficacy of
the subjects has not been observed, and the effectiveness
assessment was based on clinical scales. Therefore, it is
possible that subjects may have concealed some informa-
tion during the measurement.

Limitation

(1) Most of the studies were conducted by Chinese
researchers. (2) The literature on rTMS combined with
CBT treatment and drug combinations with other treat-
ments included in this study was limited.

Conclusion

The results of our study show that, although all treatments
were slightly more effective than placebo/non-intervention
and health education in treating IA patients, rTMS+CBT
had the best therapeutic effect in treating IA patients with
different interventions, followed by drugs combined with
other treatments, followed by rTMS and electro-acupunc-
ture+CBT. This proves the unique role physical therapy,
specifically rTMS therapy, plays in treating patients with
IA. Comprehensive intervention can achieve better thera-
peutic effects than using drugs or psychotherapy alone by
combining drug therapy, physical therapy, and psychother-
apy. Comprehensive intervention improves the physical,
psychological, and behavioral aspects of patients with IA by
combining the benefits of various methods.
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