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ABSTRACT

Introduction: Internet addiction disorder (IAD) is characterized by an 
individual’s inability to control his/her Internet use, which may result in 
marked distress and functional impairment. Systematic reviews show 
that excessive screen-time is negatively associated with well-being and 
positively associated with reduced quality of life in young people. There is 
growing evidence that IAD is related to comorbidities such as depression 
but relatively little is known about fatigue in adolescents with IAD. Material 
and methods: We studied 94 participants with IAD and 88 controls, all 
aged 12-17 years. Depression was assessed by the Beck depression 
inventory scale (BDI-II, Georgian version), and fatigue by the pediatric 
quality of life initiative (PEDS QL, Georgian version) multidimensional 
fatigue scale. Results: Adolescents with severe IAD are 5.63 times 
more likely to show symptoms of moderate or severe depression than 
children with mild or moderate Internet addiction. Those with severe IAD 
showed 6.62 times more cognitive fatigue, 7.81 times higher sleep/rest 
fatigue and 11.11 times higher general fatigue than children with mild and 
moderate Internet addiction. Conclusions: IAD can lead to depression 
and fatigue, which can affect adolescents’ psychological and social well-
being. Mechanisms for prevention and ongoing support are needed for 
adolescents and their families. Further research is needed to clarify the 
relationship between IAD and depression, that is, does Internet addiction 
lead to depression or is depression itself a risk factor for IAD? A further 
limitation is that IAD was treated as one entity rather than two distinct 
types (generalized and specific IAD).

Keywords: Internet addiction disorder, fatigue, depression, prefrontal 
cortex, adolescents.

RESUMEN

Introducción: El trastorno de adicción a Internet (TAI) se caracteriza por la 
incapacidad de un individuo para controlar su uso de Internet, lo que puede 
dar lugar a un marcado malestar y a un deterioro funcional. Las revisiones 
sistemáticas muestran que el exceso de tiempo frente a la pantalla se asocia 
negativamente con el bienestar y positivamente con la reducción de la calidad 
de vida en los jóvenes. Cada vez hay más pruebas de que el TAI está rela-
cionado con comorbilidades como la depresión, pero se sabe relativamente 
poco sobre la fatiga en los adolescentes con TAI. Material y métodos: Se 
estudiaron 94 participantes con TAI y 88 controles, todos ellos de 12 a 17 años 
de edad. La depresión se evaluó con la escala del inventario de depresión 
de Beck (BDI-II, versión georgiana), y la fatiga con la escala de fatiga multi-
dimensional de la iniciativa de calidad de vida pediátrica (PEDS QL, versión 
georgiana). Resultados: Los adolescentes con TAI grave tienen 5.63 veces 
más probabilidades de mostrar síntomas de depresión moderada o grave que 
los niños con adicción a Internet leve o moderada. Los niños con adicción 
grave a Internet mostraron 6.62 veces más fatiga cognitiva, 7.81 veces más 
fatiga de sueño/descanso y 11.11 veces más fatiga general que los niños con 
adicción leve y moderada a Internet. Conclusiones: El TAI puede provocar 
depresión y fatiga, lo que puede afectar al bienestar psicológico y social de 
los adolescentes. Se necesitan mecanismos de prevención y apoyo continuo 
para los adolescentes y sus familias. Se necesitan más investigaciones para 
aclarar la relación entre el TAI y la depresión, es decir, ¿la adicción a Internet 
conduce a la depresión o la depresión en sí misma es un factor de riesgo 
para el TAI? Otra limitación es que el TAI se trató como una sola entidad en 
lugar de dos tipos distintos (TAI generalizado y específico).

Palabras clave: Trastorno de adicción a Internet, fatiga, depresión, 
corteza prefrontal, adolescentes.
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INTRODUCTION

Internet addiction disorder (IAD), also called problematic 
or pathological Internet use, is characterized by an 
individual’s inability to control his or her use of the 
Internet, which may eventually result in marked distress 
and functional impairment of general life, such as academic 
performance, social interaction, occupational interest and 
behavioral problems.1 Some researchers and mental health 
practitioners see excessive Internet use as a symptom of 
another disorder, such as anxiety or depression, rather than 
a separate entity.2 IAD could be considered an impulse 
control disorder (not otherwise specified). However, there 
is a growing consensus that this constellation of symptoms is 
an addiction.3 The American Society of Addiction Medicine 
(ASAM) recently released a new definition of addiction and 
classified it as a chronic brain disorder, officially proposing 
for the first time that addiction is not limited to substance 
use.4 All addictions, whether chemical or behavioral, share 
certain characteristics, including salience, compulsive use 
(loss of control), mood modification and the alleviation 
of distress, tolerance and withdrawal, and continuation 
despite negative consequences.

According to the DSM-V, IAD is a compulsive-impulsive 
spectrum disorder that involves online and/or offline 
computer usage5,6 and consists of at least three subtypes: 
excessive gaming, sexual preoccupations and e-mail/text 
messaging.7 All of the variants share the following four 
components: 1) excessive use, often associated with a loss 
of sense of time or a neglect of basic drives; 2) withdrawal, 
including feelings of anger, tension, and/or depression when 
the computer is inaccessible; 3) tolerance, including the 
need for better computer equipment, more software or 
more hours of use; and 4) negative repercussions, including 
arguments, lying, poor achievement, social isolation and 
fatigue.8

The cause of IAD is unknown, although a known risk 
factor for IAD is a family history of Internet gambling.9 
Furthermore, a strong association was found between 
parental depression and IAD in their children, which means 
that IAD is not an individual matter of young people but a 
family problem.10 Familial risk for Internet gambling is due 
to both shared environmental and genetic transmission. 
Genetic factors in aggregate appear to account for 50% of 
the risk. The specific genes that account for the aggregate 
genetic risk have not yet been identified, but it seems likely 
that many genes are implicated in the pathogenesis of IAD, 
including the dopamine D2 receptor gene. In addition, the 
so-called serotonin transporter polymorphism 5-HTTLPR 
could also play a role.11

Liu et al.12 found differences in functional magnetic 
resonance images (fMRI) between people with and without 
addictions in brain regions such as the prefrontal cortex 

(PFC), orbitofrontal gyrus (OFG), striatum, cerebellum, 
brainstem, right cingulate gyrus, bilateral parahippocampus, 
right frontal lobe, left superior frontal gyrus, left precuneus, 
right postcentral gyrus, right middle occipital gyrus, right 
inferior temporal gyrus, left superior temporal gyrus and 
middle temporal gyrus – all of which are involved in the 
development of IAD.12 Zhou et al.13 found that adolescents 
with IAD had lower gray matter density (GMD) in the left 
anterior cingulate cortex, left posterior cingulate cortex, 
left insula and left lingual gyrus. Thus, participants with 
IAD had multiple structural changes in the brain, and such 
changes correlated significantly with the duration of their 
Internet addiction.14

There is growing literature that computer and Internet 
usage could have a positive effect on children’s self-esteem, 
socialization and improvement in reaction time.15 It is 
important to understand the negative impact of IAD on 
children’s psychological well-being. Systematic reviews 
have concluded that excessive screen-time is negatively 
associated with well-being and positively associated with 
ill-being in young people.16-18 There is growing evidence 
that IAD is related to elevated levels of comorbidities 
affecting relational, academic, familial and occupational 
activities, and depression could be considered one of the 
most common comorbidities among them.19-22 Depression 
is ranked as one of the world’s most burdensome diseases 
according to the World Health Organization.23 It is 
indisputable that depression is related to IAD, but there 
is a lack of evidence regarding whether there is a strong 
correlation between the severity of IAD and the rate of 
depression.24 There is no doubt that IAD affects many 
domains of psychological well-being, but no study has 
assessed the relationship between IAD and fatigue, which 
seems to be one of the main persisting comorbidities of 
children and adolescents with IAD.

Emerging evidence suggests that fatigue is a central 
component of the cognitive and clinical characteristics 
of stress-related exhaustion disorder considering IAD 
among them. Fatigue is a multidimensional phenomenon 
with physical, emotional, behavioral and cognitive 
components.25 Although there is growing evidence 
regarding the mechanism and prevalence of fatigue in 
different neurological conditions, less is known about it in 
participants with various disorders related to exhaustion, 
including IAD. Thus, fatigue, including general fatigue, sleep/
rest and cognitive fatigue, may be of special importance 
in children with excessive Internet use.26 According to 
Krabbe et al.,27 patients with exhaustion complain about 
mental tiredness during and after cognitive testing together 
with impaired performance in tasks involving executive 
functioning and complex attention. Another concern is 
the condition of clinical burnout, where patients reveal 
not only cognitive deficits but also impaired performance 
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on cognitive tests, as the process seems to be effortful and 
fatiguing for them.28 Patients with burnout demonstrate 
excessive fatigue and effort while performing attentional 
tasks leading to impaired task performance.29 Thus, it 
is known that exhaustion can lead to fatigue, including 
general fatigue, sleep/rest and cognitive fatigue, but there 
is no evidence regarding the occurrence of fatigue during 
IAD and the underlying mechanisms. We aimed to describe 
depression and fatigue in adolescents diagnosed with IAD.

MATERIAL AND METHODS

Participants. In total, 182 children aged 12 to 17 years old 
were included: 105 boys and 76 girls.

Procedures. IAD was diagnosed by the Georgian version 
of the Young test,30 a reliable and valid measure consisting 
of 20 items. Participants with scores less than 20 were 
considered as nonfrequent Internet users and were identified 
as controls. Those with scores from 20-49 were considered 
to have mild IAD; those with scores from 50-79 points were 
considered to have moderate IAS, and those with scores 
from 80–100 points were considered to have severe IAD.

Signs reported as main complaints of participants 
were depression and fatigue. Depression was assessed by 
the Georgian version of the Beck depression inventory 
scale (BDI-II) designed for individuals aged 13 and over. 
Each answer was scored on a scale of 0 to 3. Scores of 
0-13 represent minimal depression, 14-19 indicate mild 
depression, 20-28 represent moderate depression, and 
29-63 represent severe depression. Complaints presented 
as depression signs were divided into two components: 
affective components and physical or somatic components. 
Affective components contain 14 items: 1) sadness, 2) past 
failure, 3) loss of pleasure, 4) guilt, 5) punishment feeling, 
6) self-dislike, 7) self-criticism, 8) suicidal thoughts, 9) 
crying, 10) agitation, 11) loss of interest, 12) indecisiveness, 
13) worthlessness, and 14) irritability. The somatic part 
contains five items: 1) energy, 2) sleep, 3) appetite, 4) 
concentration, and 5) tiredness/fatigue. Fatigue was 
assessed by the Georgian version of the pediatric quality 
of life initiative (PEDS QL) multidimensional fatigue scale.31 
The scale comprises 18 items and three subscales: 1) 
general fatigue (GF) (6 items), 2) sleep/rest fatigue (SRF) (6 
items); 3) cognitive fatigue (CF) (6 items). The questionnaire 
comprises parallel child self-reports for all ages, including 
13-18 years of age. The participants rated how often a 
particular problem occurred in the past month using a 
5-point Likert scale (0 = never a problem; 1 = almost 
never a problem; 2 = sometimes a problem; 3 = often a 
problem; 4 = almost always a problem). Each item was 
reverse scored and rescaled to a 0-100 scale so that higher 
scores indicated fewer symptoms of fatigue (0 = 100; 1 = 
75; 2 = 50; 3 = 25, 4 = 00). Cross-sectional analysis was 

performed to assess the associations between IAD and the 
risk of depression, general fatigue, cognitive fatigue and 
sleep/rest fatigue.

Measures

IAD was considered an exposure variable, and depression, 
general fatigue, cognitive fatigue and sleep/rest fatigue were 
considered outcomes. Gender was considered a possible 
confounder/moderator. Outcome variables were grouped 
as follows:

1.  Depression: no depression (coded as “0”) vs any 
manifestation of depression (coded as “1”).

2.  General fatigue, cognitive fatigue and sleep/rest 
fatigue: never a problem/almost never a problem 
(coded as “0”) vs having problems (sometimes, often 
or almost always) (coded as “1”).

First, we used descriptive statistics (frequency 
calculations). We used the Mantel-Haenszel test to assess 
whether the risk of depression, general fatigue, cognitive 
fatigue and sleep/rest fatigue is correlated with the increase 
in IAD severity. In addition, subanalysis among groups 
of children with IAD was performed. We compared the 
children with severe IAD by Young’s test (80-100 scores) to 
those with moderate (50-79 scores) and mild (20-49 scores) 
for IAD. We used the Mantel-Haenszel test to compare the 
odds of having depression, general fatigue, sleep/rest fatigue 
and cognitive fatigue among children with mild/moderate 
IAD and severe IAD. For this subanalysis, we used slightly 
different grouping (only four children showed no signs of 
depression and two showed no signs of cognitive fatigue) 
for outcome variables:

1.  Depression: no depression/mild depression (code as 
“0”) vs moderate and severe depression (coded as “1”).

2.  Cognitive fatigue: never a problem/almost never 
a problem/sometimes a problem (coded as “0”) vs 
almost always or often a problem.

3.  General fatigue and sleeping fatigue: never a 
problem/almost never a problem (coded as “0”) vs. 
having problems (sometimes, often or almost always) 
(coded as “1”).

The exposure variable (IAD) was grouped into two 
categories: mild/moderate and severe IAD.

RESULTS

Ninety-four participants of 182 were considered to have 
IAD (58 boys and 36 girls) and 88 (48%) participants were 
considered as nondependent and then served as controls. 
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‘Nondependent’ means that the Internet is mainly used to 
manage email, look for information or download software. 
Of the ninety-four children with IAD, 8 (8.51%) had mild 
IAD, 29 (30.85%) had moderate IAD, and 57 (60.64%) had 
severe IAD (Table 1).

High scores on the Young test are related to the 
occurrence of cognitive, sleep/rest or general fatigue, while 
lower scores on the test correlate with an absence of the 
abovementioned comorbidities (Figures 1 to 3). Seventy-
four percent of children with IAD with severe depression 
showed high scores on the Young test, i.e. ranging from 80 
to 100 (Figure 4).

The odds of having cognitive fatigue, sleep/rest fatigue, 
general fatigue and depression increased by 2.43, 2.03, 2.4 

and 3.67 times, respectively, per increase in IAD severity 
(No addiction, Mild addiction, Moderate addiction and 
Severe addiction) (Table 2).

There was no significant change in the test for trend 
after adjusting for gender, which indicates that gender 
does not play a role in the association between IAD and 
depression, general fatigue, sleep/rest fatigue and cognitive 
fatigue (Table 3).

Adolescents with severe IAD are 6.62 times more likely 
to always/often have cognitive fatigue problems compared 
with children with mild or moderate IAD (Table 4).

This observed association was statistically significant 
among boys (OR = 11.65 [95% CI 2.44-55.54], p < 0.001) 
but not among girls (OR = 2.33 [95% CI 0.56-9.63], p = 
0.2278).

Children with severe IAD are 7.81 times more likely to 
at least sometimes experience sleep/rest fatigue compared 
to children with mild or moderate IAD (Table 4). This 
association is equally significant among boys and girls (OR 
= 6.93 [95% CI 1.70-28.1], p = 0.0016 for boys and OR= 
6.60 [95% CI 1.27-34.39 for girls]). The adjusted odds ratio 
was OR = 6.79 [95% CI 2.33-19.78], p = 0.0096).

Children with severe IAD are 11.11 times more 
likely to at least sometimes experience general fatigue 
compared to children with mild or moderate IAD (Table 
4). This association differed across genders: the observed 
association was stronger among boys (OR = 13.21 [95% 
CI 2.48-70.28], p < 0.001) than among girls (OR = 6.67 
[95% CI 1.24-35.71], p = 0.0104).

Children with severe IAD are 5.63 times more likely 
to show symptoms of moderate or severe depression 
compared to children with mild or moderate IAD (Table 
4). This observed association was statistically significant 
only among boys (OR = 10.63 [95% CI 1.57-71.86], p = 
0.0024) and not among girls (OR = 2.33 [95% CI 0.47-
11.60], p = 0.286).

DISCUSSION

Our study shows IAD is strongly correlated with different 
negative habits leading to poor well-being in adolescents. 
A previous study proved that children with severe IAD are 
5.63 times more likely to show symptoms of moderate or 
severe depression than children with mild or moderate 
IAD. Thus, the present study confirms previous results that 
depression is related to IAD. Depression in children with 
IAD could be explained by the fact that the prefrontal 
cortex (PFC) is the main area in the brain responsible for 
many aspects of mental and physical health, including those 
participating in the mechanism of addiction and withdrawal 
symptoms in participants with IAD. In addition to planning, 
prioritizing and organizing, the PFC plays an important 
role in the regulation of emotional processes.32 The PFC is 

Table 1: Cohort characteristics (N = 182).

n (%)

Sex
Boys 105 (58.24)
Girls 76 (41.76)

Age (years)
12 1 (0.55)
13 23 (12.64)
14 49 (26.92)
15 39 (21.43)
16 53 (29.12)
17 17 (9.34)

Internet addiction (scores)
No addiction (1-20) 88 (48.35)
Mild addiction (21-49) 8 (4.40)
Moderate addiction (50-79) 29 (15.93)
Severe addiction (80+) 57 (31.32)

Cognitive fatigue
No problem 19 (10.44)
Almost never a problem 42 (23.08)
Sometimes a problem 60 (32.97)
Often a problem 39 (21.43)
Almost always a problem 22 (12.09)

Sleeping fatigue
No problem 36 (19.78)
Almost never a problem 68 (37.36)
Sometimes a problem 59 (32.42)
Often a problem 13 (7.14)
Almost always a problem 6 (3.30)

General fatigue
No problem 37 (20.33)
Almost never a problem 73 (40.11)
Sometimes a problem 56 (30.77)
Often a problem 11 (6.04)
Almost always a problem 5 (2.75)

Depression
No/minimal depression 86 (47.25)
Mild depression 20 (10.99)
Moderate depression 15 (8.24)
Severe depression 61 (33.52)
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the key region of interest (ROI) in the pathophysiology of 
IAD. Voxel-based morphometry proved that in participants 
with IAD, atrophy of the bilateral dorsolateral prefrontal 
cortex (DLPFC) is the most prominent.11 In addition, 
there is no doubt that the volume of the PFC is reduced 
in depressed patients, and this decrease is correlated with 
the duration of illness.33 Thus, depression and IAD share 
identical anatomical substrates in their pathophysiological 
mechanism, atrophy of the PFC, which could easily explain 
the coexistence of depression and IAD. It is controversial 
whether one of the most common causes of depression 
could be dysregulation of the PFC, due to impaired 
regulation of glutamatergic and GABAergic transmission 
within the PFC. This process, in turn, could cause a negative 
impact on cognitive function and emotion through altered 
local processing of afferent information and generation of 

efferent activity for communication with distal structures 
of the brain, including the insula.23 The insula is another 
shared ROI for both depression and IAD.11 The insula, 
which plays an important role in social affect such as 
empathy, fear and happiness, is found to have reduced 
gray matter density in participants with IAD. The abnormal 
connection of atrophic PFC with atrophic insula is essential 
in generating the abnormal emotional reaction leading to 
depression. Thus, anatomical and functional impairment 
of the PFC could easily explain the coexistence of these 
two discrete conditions, IAD and depression.

Another important result of our study was that children 
with severe IAD showed 6.62 times more cognitive fatigue, 
7.81 times higher sleep/rest fatigue and 11.11 times higher 
general fatigue than those with mild and moderate IAD. 
Fatigue is multifactorial, including both cognitive and 

Yo
un

g t
es

t s
co

re
s (

%
)

100

80

60

40

20

0
Almost always 

a problem
Often a 
problem

Sometimes 
a problem

Almost never 
a problem

No problem

Security of cognitive fatigue

Figure 1: 

Distribution of young test scores 
and cognitive fatigue (N = 182).

0/20
21/49
50/79
80/100

Figure 2: 

Distribution of young test scores 
and sleep/rest fatigue (N = 182).

Yo
un

g t
es

t s
co

re
s (

%
)

100

80

60

40

20

0
Almost always 

a problem
Often a 
problem

Sometimes 
a problem

Almost never 
a problem

No problem

Severity of sleep/rest fatigue

0/20
21/49
50/79
80/100



Bakhtadze S et al. Internet addiction disorder and comorbidities in children and adolescents

62 Neurol Neurocir Psiquiatr. 2021; 49 (2): 57-65

www.medigraphic.org.mx

physical components, and could be caused by structural 
lesions affecting the activation of pathways interconnecting 
the basal ganglia, thalamus, limbic system and different 
cortical centers.34 In addition to structural lesions of the 
brain, fatigue could be caused by biological factors such 
as stress, which is the most common reason for fatigue.35 
Stress induces the production of cortisol, which could 
predispose patients to different types of fatigue. Moreover, 
cortisol plays a large role in the physical adaptation to 
increased energy demands during stress.36 Participants 
suffering from alcohol dependency showed increased levels 
of cortisol during the withdrawal period. If we suppose that 
IAD shares a similar mechanism and signs with substance 
and alcohol addiction,15,37 it is clear that participants with 
IAD experience the same process during withdrawal. 
Cortisol causes coordinated stress in different structures of 

the brain, especially in the frontal system, including both 
the PFC and orbitofrontal (OFC) cortices. As mentioned 
above, the PFC is the main ROI for IAD, but the OFC has 
the same critical role in the pathophysiology of IAD as the 
PFC. Voxel-based morphometry suggests that participants 
with IAD have atrophy of equal severity of both structures: 
bilateral dorsolateral prefrontal cortex (DLPFC) and OFC.38 
Moreover, the volume of the OFC is correlated with the 
scores in the Internet addiction test, measuring symptom 
severity.39 Reduced OFC thickness, abnormal white matter 
fractional anisotropy and decreased functional connectivity 
with other parts of the brain, including the basal ganglia, 
are characteristic of IAD. Chun et al.40 found that decreased 
activity of the frontal system, including the OFC, is related 
to increased cortisol levels as a response to stress. Cortisol 
causes a coordinated stress response not only in the OFC 
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but also in the PFC.41 Considering the importance of both 
the PFC and OFC in the cortisol production withdrawal 
process, participants with IAD will experience excessive 
cortisol production, which itself could affect frontostriatal 
connectivity.42 This pathological neural network is extremely 
important, as frontostriatal connectivity means activation of 
the nucleus accumbens, which affects reward processing in 
addiction disorders, including IAD. Thus, the occurrence of 
both general and sleep/rest fatigue could be explained by 
this pathophysiological circuit leading to excessive cortisol 
production by the OFC and PFC atrophy, which can be 
seen in participants with IAD.

It is known that cognitive fatigue means failure to 
sustain attention to optimize task performance during acute 
but sustained mental effort. Thus, it could be described as 
a decline in attention network performance.43 Evidence 
suggests that cognitive fatigue is a central component of 
the cognitive and clinical characteristics of stress-related 
exhaustion disorders, including IAD. The leading process 
causing cognitive fatigue in children and adolescents with 
IAD is impaired response inhibition. Response inhibition, 
a core component of executive function, means the ability 
to inhibit inappropriate or irrelevant responses. Cognitive 
fatigue is one of the main processes related to impaired 
response inhibition.44 A possible explanation for cognitive 

fatigue in children with IAD is abnormal neuronal circuits, 
which are responsible for both response inhibition leading 
to cognitive fatigue and IAD. These neuronal networks 
contain complex anatomical and neurochemical processes. 
There are two main regions of the brain that are critical for 
both IAD and impaired response inhibition, the PFC and 
inferior frontal gyrus (IFG).45

The first and most important domain in the mechanism 
of response inhibition leading to cognitive fatigue is activation 
of the frontal area, including the PFC, and connectivity with 
the basal ganglia, especially with the striatum, which was 
proven with functional imaging studies.34 It is clear that 
a higher volume in the left ventral striatum is associated 
with frequent video game playing and even excessive 
gambling, which itself can be related to the striatal release 
of dopamine.46 Individuals with higher striatal volume 
might experience video gaming as more rewarding in the 
first place. This in turn could facilitate skill acquisition and 
lead to further reward resulting from playing. Volumetric 
differences in the striatum have previously been associated 
with addiction to drugs and alcohol. Moreover, activation 
of the striatum has been associated with anticipation and 
feedback in reward associated with IAD.47 Thus, in addition, 
the normal regulation of striatal dopamine activity by signals 
passing from the PFC is disrupted.11 This process initiates 

Table 2: Unadjusted tests for trend: increasing risk of cognitive fatigue, sleep/rest fatigue, 
general fatigue and depression with increased risk for IAD severity.

Odds ratio 95% confidence interval p-value for trend

Cognitive fatigue 2.43 1.93-3.06 < 0.001
Sleep/rest fatigue 2.03 1.63-2.53 < 0.001
General fatigue 2.40 1.93-2.99 < 0.001
Depression 3.67 2.96-4.55 < 0.001

Table 3: Adjusted for gender tests for trend: increasing risk of cognitive fatigue, sleep/
rest fatigue, general fatigue and depression with increased risk for IAD severity.

Odds ratio 95% confidence interval p-value for trend

Cognitive fatigue 2.52 1.98-3.21 < 0.001
Sleep/rest fatigue 2.01 1.59-2.54 < 0.001
General fatigue 2.39 1.88-3.06 < 0.001
Depression 3.80 3.02-4.79 < 0.001

Table 4: Unadjusted MH odds ratios.

Odds Ratio 95% Confidence interval p-value

Cognitive fatigue 6.62 2.37-18.44 < 0.001
Sleep/rest fatigue 7.81 2.69-22.66 < 0.001
General fatigue 11.11 3.47-35.55 < 0.001
Depression 5.63 1.68-18.93 0.0016
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the cascade of neuroanatomical changes, as abnormal 
striatal dopamine activity can lead to disrupted prefrontal 
regulation of the midbrain structures, which could then 
cause impairment of response inhibition.48 Another part 
of the frontal system that could be considered an ROI in 
terms of response inhibition is the IFG. It is clear that the 
IFG is activated in participants with IAD. This activation 
due to strong interconnection will lead to activation of 
the right striatum, which will strengthen the effect of the 
abnormal interconnection of the striatum with the PFC and 
can be considered another reason for response inhibition 
in participants with IAD. Thus, this circuit between the 
frontal system (PFC and OFC) and the basal ganglia, 
including the striatum-midbrain, and abnormal release 
of dopamine in participants with IAD, can be considered 
the main anatomical mechanism of IAD with respect to 
response inhibition.

Another important piece of evidence for cognitive 
fatigue is that disruption of cortical-subcortical loops, 
including the ventral striatum, anterior cingulate cortex 
and thalamus, can be considered a key chain in its 
pathogenesis.25,34 This finding could easily explain the link 
between IAD and cognitive fatigue, as volumetric changes 
in the striatum, anterior cingulate cortex and thalamus are 
responsible for both impaired response inhibition leading 
to cognitive fatigue and IAD. According to Gavelin et al.,26 
participants with a high level of cognitive fatigue have a 
smaller caudate nucleus and putamen than participants with 
low-moderate cognitive fatigue. Furthermore, the authors 
noted that an indirect negative effect of caudate nucleus 
volume on working memory performance was found to be 
the reason for abnormal response inhibition and cognitive 
fatigue as a result. The caudate nucleus can be considered 
an ROI in participants with IAD. By studying the resting state 
brain of participants with IAD by means of 18-FDG-PET 
to measure glucose metabolism, it was demonstrated that 
glucose metabolism was increased in the right orbitofrontal 
cortex and in parts of the basal ganglia, including the caudate 
nucleus and insula.49 Although the insula is another ROI for 
IAD, it can also be discussed as a brain structure implicated 
in response inhibition leading to cognitive fatigue.50

Key points

What’s known
1.  Excessive screen-time reduces quality of life in young 

people and may be associated with depression.
2.  Relatively little is known about fatigue in adolescents 

with Internet addiction disorder (IAD).
What’s new
1.  Adolescents with severe IAD are more likely to show 

symptoms of moderate or severe depression than 
children with mild or moderate IAD.

2.  Those with severe IAD showed more fatigue than 
children with mild and moderate Internet addiction.

What’s relevant
1.  The study showed that IAD can lead to depression 

and fat igue, which can af fect  adolescents’ 
psychological and social well-being.

2.  Mechanisms for prevention and ongoing support are 
needed for adolescents and their families.

CONCLUSIONS

Thus, our study showed that the existence of depression as 
well as fatigue, including general, sleep/rest and cognitive 
fatigue, in adolescents with IAD can be explained by 
complex neuroanatomical and neurobiological processes, 
and the substrates for these processes are the structures that 
have critical roles and equal contributions to the etiology 
of IAD as well as to depression and fatigue.

Our study has several limitations. It would be interesting 
to know if there are differences in depression and fatigue 
rates between two distinct types of IAD – generalized and 
specific IAD. Future research should also examine whether 
depression and fatigue are along a continuum coexisting 
with IAD. The most important question here is to identify 
which one is primary and which is secondary – that is, 
does IAD lead to depression, as we have shown here, or 
is depression itself a risk factor for IAD? Furthermore, it is 
important to examine whether there are gender differences 
between the frequency of depression and fatigue associated 
with IAD, as the evidence is unclear.
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