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Background: Problematic Internet addiction (IA) has been shown to be associated with a variety of
psychological comorbidities, but its relationship with adolescent asthma has not yet been investigated in
detail.

Methods: We analyzed 18,473 adolescent patients with physician-diagnosed asthma and 205,069 non-
asthmatic adolescent patients from the Korean Youth Risk Behavior Web-based Survey. Socioeconomic
factors, health behavior factors, psychological factors, and IA status were assessed using the Korean Internet
Addiction Proneness Scale. Multiple logistic regression analysis was performed, with adjustment for multiple
cofounders, to explore the association between IA and adolescent asthma.

Results: Comparison between the adolescent asthma group and non-adolescent asthma group indicated
higher rates of probable IA (13.7% wvs. 12.1%, respectively, P<0.001), IA (4.8% vs. 3.1%, respectively,
P<0.001), and problematic IA (18.5% vs. 15.2%, respectively, P<0.001) in the adolescent asthma group.
After adjustment for multiple confounders, probable IA [odds ratio (OR): 1.16, 95% confidence interval
(CI): 1.08-1.26] and IA (OR: 1.07, 95% CI: 1.02-1.12) were significantly associated with increased risk of
adolescent asthma, compared to non-problematic Internet use.

Conclusions: IA is associated with an increased rate of asthma in Korean adolescents. So, IA has attracted

minimal attention in relation to the treatment of asthma.
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Introduction 20% in adolescents (2-8).

Previous prevalence and risk factors for problematic

Internet addiction (IA) is a problem in certain groups of internet use among rural adolescents in Korea showed that

individuals, such as adolescents (1). Although the prevalence problematic internet use was identified in 21.6% students

rates of problematic Internet use and IA are difficult to and male gender, academic stress, early exposure to the

interpret because of differences in their definitions among
studies, the prevalence of problematic Internet use (PIU) in

the general population is approximately 2—-8%; it may reach
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Internet, depression was significantly associated with
problematic internet use (9).
Problematic IA is associated with sleeping problems (10,11),
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tobacco and alcohol use (12), overweight (13), depression, anxiety,
and suicidal behavior (12). The rates of health risk behaviors,
such as smoking (14), alcohol abuse, depression, and illicit drug
abuse (15), are higher in adolescents with asthma than in the non-
asthma adolescents. Online video game has become one of the
world’s most popular leisure time activities among youth, but
some gaming can be problematic and potentially addictive in
some adolescents (4).

However, there have been no studies to determine
whether problematic IA is associated with physical
health problems, such as asthma, in adolescents. There
is also a need to increase knowledge regarding the
distribution of adolescent asthma and its relationships
with sociodemographic factors and dysfunctional Internet
behavioral problems. Of particular interest are the
associations between problematic IA and parameters
of immune-related physical health, which have not
been investigated previously. So this present study was
performed to investigate the relationships of problematic
TA with immune-related illnesses, such as adolescent
asthma, using school-based self-reported data from a
nationally representative Korean adolescent population.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2342).

Methods
Study participants

This school-based nationwide study used data of
adolescents 12-18 years old from the Korea Youth Risk
Behavior Web-based Survey (KYRBWS) which the survey
was conducted from 1 Sep 2008 to 24 Oct 2008, 1 Sep
2009 to 20 Nov 2009, 1 September 2010 to 24 October
2010. After the survey procedures had been fully explained
by well-trained interviewers and all adolescent participants
(or their parents or legal guardians) had provided written
informed consent, participants used self-administered
questionnaires in the school’s computer room to complete
an online survey. The presence of asthma was defined
as an answer of “Yes” to the question: “Have you been
diagnosed with asthma by a doctor?” Adolescents who did
not provide Korean Internet Addiction Proneness Scale for
Youth—Short Form: Self Report (KS Scale) questionnaire
were excluded. Ultimately, 18,473 adolescents with asthma
and 205,069 non-asthmatic adolescents were included in
the final analyses.
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Measure sociodemograpbic factors

Self-administered questionnaires were used to collect
data regarding age, sex, type of school [middle school,
high school, or vocational school; all-boys, all-girls, or
coeducation], family affluence level, residential area,
residence with or away from parents, and academic
achievement level, smoking, alcohol consumption, regular
exercise, sexual experience, and illicit drug use, health
status, stress level, and depression.

The residence area was categorized as urban or rural.
Academic achievement level was assessed by asking the
question: “How do you assess your academic achievement level
over the past year?” Notably, parental occupations and family
income are most frequently used to assess socioeconomic
status. However, some adolescents are unaware of the exact
income of their households, and some adolescents do not want
to provide such information. Therefore, socioeconomic status
assessments based on family income or parental occupation
were not suitable for adolescent participants. Instead, our study
socioeconomic status variables were evaluated using the family
affluence scale introduced by the European Health Behavior
in School-aged Children Study (16). We assessed economic
status using family affluence level, because family affluence
level can provide better information than traditional questions
(e.g., those based on family income or parental occupation).
Adolescents who answered “yes” to the following question
were included in the smoking group: “Have you smoked cigarettes
on more than 1 day over the past month?” (17). Adolescents who
answered “yes” to the following question were included in the
alcohol group: “Have you drank alcohol on more than 1 day
over the past month?” (18). Regular exercise was defined by
asking: “How many days of intense exercise causing an increased
beart rate for at least 60 minutes have you performed over the past
7 days?” Responses were classified as “No” (<3 times/week) or
“Yes” (>3 times/week) (19). Sexual experience was categorized
as “Yes” or “No” by asking: “Have you had sexual experience?”
Tllicit drug use was classified as “No” (never used) or “Yes” (have
used) (17). Self-reported perceived stress was assessed for each
adolescent by asking, “How much stress are you experiencing in
your daily life?” 'The responses were: (I) a very high level, (II) a
high level, (III) a moderate level, (IV) a low level, and (V) none
and categorized as low stress (none to some stress) or high
stress (moderate to very high stress); self-rated health status
was categorized as healthy (fair to very good), fair, or poor
(bad to very poor). The Korean version of the World Health
Organization Composite International Diagnostic Interview—
Short Form questionnaire (20) was used to assess depression,
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by asking: “Have you had depressed feelings for more than 2 weeks
in the past year?” Responses were classified as “Yes” or “No”.

Problematic Internet use

The KYRBWS used the Korean Internet Addiction
Proneness Scale for Youth—Short Form: Self Report
(KS Scale) questionnaire to define IA. The KS scale (21)
comprises a self-administered 20-item questionnaire, which
assesses cognitive-behavioral and structural pathological
aspects of IA. Each item was scored using a Likert scale
(1= never, 2= sometimes, 3= often, 4= nearly always). The
KS scale is composed of six factors: (I) adaptive functioning
disturbance (six items, 24 points), (II) addictive automatic
thought (one item, four points), (III) withdrawal (four
items, 16 points), (IV) virtual interpersonal relationships
(three items, 12 points), (V) deviant behavior (two items,
eight points), and (VI) tolerance (four items, 16 points).
Participants were divided into three groups according to
Internet use, as follows: mild user (<47 points), potential
risk for TA (48-52 points), and high risk for IA (=53 points).
IA was defined as a total KS score >53 or the presence
of all of the following: adaptive functioning disturbance
score >17, withdrawal score >11, and tolerance score >13.
Probable TA was determined by the presence of one of
the following: total KS score 48-52, adaptive functioning
score >15, withdrawal score >10, or tolerance score >12.
In this study, participants with IA and probable IA were
included in the problematic Internet use group.

Ethical approval and consent to participate

This study was approved by the Institutional Review
Board of the National Health Insurance Service of Ilsan
Hospital (NHIMC 2020-03-029) and adhered to the
tenets of the Declaration of Helsinki (as revised in 2013).
The requirement for informed consent was waived by the
institutional review board because of the retrospective
nature of the study and because the data were de-identified
within the database used for this study.

Data analysis

Basic characteristics were compared between the groups
using the chi-squared test. Multiple logistic regression
analyses were performed with complex sampling adjusted
for age and sex (model 1); with complex sampling adjusted
for model 1 plus school type, residence, living with parents,
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family affluence level, monthly pocket money, parental
education level, academic achievement, smoking status,
alcohol use, regular physical activity, sexual experience,
and drug experience (model 2); and with complex sampling
adjusted for model 2 plus stress, health status, happiness,
and depression (model 3) to explore whether there is an
association between IA and asthma. Data were analyzed
using SPSS Statistics for Windows (version 21.0; SPSS Inc.,
Chicago, IL, USA). In all analyses, P<0.05 was considered

to indicate statistical significance.

Results

Summary statistics regarding the demographic characteristics
and questionnaire data of Korean adolescents aged 12-18
years enrolled in the KYRBWS are presented in Tuble 1.
Male sex, coeducation school type, urban living, residence
away from parents, high family affluence level, high monthly
pocket money, higher parental education level, and high
subjective academic achievements were associated with
higher rates of asthma. Smoking, alcohol intake, substance
use, and sexual experience were significantly more common
in the asthma group. Psychosomatic differences between
participants with and without asthma were also explored. The
rates of poor self-rated health, perceived stress, perceived
unhappiness, and depressive mood were higher in the
asthma group.

Table 2 shows a comparison of Internet usage parameters
between asthma and non-asthma groups. The mean
IA proneness scale total score (31.3+11.1 vs. 30.0+9.5,
respectively, P<0.001), disturbance of adaptive functioning
score (10.2£3.7 vs. 9.9£3.3, respectively, P<0.001), addictive
automatic thought score (1.4£0.8 vs. 1.3£0.7, respectively,
P<0.001), withdrawal score (6.2+2.6 vs. 5.9+2.3, respectively,
P<0.001), virtual interpersonal relationship score (4.1+2.0
vs. 3.9x1.7, respectively, P<0.001), deviant behavior score
(3.1£1.4 vs. 3.0x1.3, respectively, P<0.001), and tolerance
score (6.4+2.9 vs. 7.1£2.7, respectively, P<0.001) were
significantly higher in the asthma group than in the non-
asthma group. Weekday (125.7£103.2 vs. 120.7£92.7,
respectively, P<0.001) and weekend Internet times
(191.1+131.6 vs. 186.5+124.4, respectively, P<0.001) were
also significantly higher in the asthma group than in the non-
asthma group. Probable IA (13.7% vs. 12.1%, respectively,
P<0.001), IA (4.8% vs. 3.1%, respectively, P<0.001), and
problematic IA (18.5% wvs. 15.2%, respectively, P<0.001)
were significantly higher in the adolescent asthma group
than in the non-asthma group. 7able 3 showed association
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Table 1 General characteristic of participants according to history of asthma

Variables Asthma (n=18,473) No asthma (n=205,069) P value
Sex <0.001
Girl 7,585 (41.1) 98,676 (48.1)
Boy 10,888 (58.9) 106,393 (51.9)
Age 14.9+1.7 15.1+1.7 <0.001
School <0.001
Middle school 10,102 (54.7) 104,820 (51.1)
Academic high school 6,288 (34.1) 74,735 (36.4)
Vocational high school 2,073 (11.2) 25,514 (12.4)
School type <0.001
Southern school 3,951 (21.4) 38,309 (18.7)
Girl school 2,747 (14.9) 37,833 (18.4)
Coeducation 11,775 (63.7) 128,927 (62.9)
Residence <0.001
Rural 2,224 (12.0) 26,893 (13.1)
Urban 16,249 (88.0) 178,176 (86.9)
Living 0.016
Living without parents 1,239 (6.7) 10,215 (5.0)
Living with parents 17,234 (93.3) 194,854 (95.0)
Family affluence scale <0.001
Low 5,491 (29.7) 65,213 (31.8)
Medium 8,137 (44.0) 93,105 (45.4)
High 4,845 (26.2) 46,751 (22.8)
Monthly pocket money 0.002
Less than average 10,809 (58.5) 122,419 (569.7)
More than average 7,664 (41.5) 82,650 (40.3)
Farther education level <0.001
Less than high school 7,446 (40.3) 90,287 (44.0)
More than college 11,027 (59.7) 114,782 (56.0)
Mother education level <0.001
Less than high school 9,381 (50.8) 111,851 (54.5)
More than college 9,092 (49.2) 93,218 (45.5)
Subjective academic achievement <0.001
Low 6,893 (37.3) 78,362 (38.2)
Middle 4,777 (25.9) 55,671 (27.1)

Table 1(continued)

© Journal of Thoracic Disease. All rights reserved.
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Variables Asthma (n=18,473) No asthma (n=205,069) P value

High 6,803 (36.8) 71,036 (34.6)
Smoking 2,838 (15.4) 25,477 (12.4) <0.001
Alcohol 4,487 (24.3) 45,743 (22.3) <0.001
Regular exercise 4,709 (25.5) 47,862 (23.3) <0.001
Sexual experience 1,292 (7.0) 10,125 (4.9) <0.001
Substance use 670 (3.6) 3,008 (1.5) <0.001
Perceived stress <0.001

Severe 2,472 (13.4) 32,321(15.8)

Moderate 6,981 (37.8) 83,977 (41.0)

None to mild 9,020 (48.8) 88,771 (43.3)
Perceived health status <0.001

Healthy 15,948 (86.3) 189,287 (92.3)

Bad 2,525 (13.7) 15,782 (7.7)
Perceived happiness <0.001

Happy 15,327 (83.0) 177,457 (86.5)

Unhappy 3,146 (17.0) 27,612 (13.5)
Experiences of depressive mood for 2 or 8,087 (43.8) 76,761 (37.4) <0.0001
more continuous weeks
Data are presented as N (percent) or mean + SD.
Table 2 Descriptive statistics of internet addiction
Variables Asthma (n=18,473) No asthma (n=205,069) P value T value
Internet addiction proneness scale
Total score (80 points) 31.3+11.1 30.0+£9.5 <0.001 -17.4
Disturbance of adaptive functioning (24 points) 10.2+3.7 9.9+3.3 <0.001 -10.5
Addictive automatic thought (4 points) 1.4+0.8 1.320.7 <0.001 -14.4
Withdrawal (16 points) 6.2+2.6 5.9+2.3 <0.001 -17.3
Virtual interpersonal relationship (12 points) 4.1+2.0 3.9+1.7 <0.001 -15.9
Deviant behavior (8 points) 3.1x1.4 3.0+£1.3 <0.001 -17.5
Tolerance (16 points) 6.4+2.9 7127 <0.001 -12.4
Weekday internet time (min) 125.7+103.2 120.7+92.7 <0.001 -5.7
Weekend internet time (min) 191.1+131.6 186.5+124.4 <0.001 -4.3
Probable Internet addiction (PIA) 2,527 (13.7) 23,877 (12.1) <0.001
Internet addiction (IA) 884 (4.8) 6,299 (3.1) <0.001
Problematic internet addiction (IA or PIA) 3,411 (18.5) 30,176 (15.2) <0.001

Data are presented as N (percent) or mean + SD.
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Table 3 Association internet use status and weekday or weekend internet time

Non-problematic Probable internet

Variables internet user addiction (PIA) Internet addiction (I1A) P value Post-hoc
Weekday internet time (min) 113.3+85.4 151.9+105.3 207.3+146.4 <0.001 a,b,c
Weekend internet time (min) 171.3+112.7 250.3+141.4 328.6+175.1 <0.001 a,b,c

a: non-problematic internet user vs. probable internet addiction, b: probable internet addiction vs. internet addiction, c: internet addiction
vs. non-problematic internet user.

Table 4 Adjusted odds ratio for asthma according to internet addiction in a young adult population

Sleep duration Model 1, OR (95% CI) Model 2, OR (95% CI) Model 3, OR (95% ClI)

Non-problematic internet user Reference Reference Reference

Probable Internet addiction (PIA) 1.42 (1.32-1.54) 1.38 (1.27-1.49) 1.16 (1.08-1.26)

Internet addiction (IA) 1.15 (1.10-1.21) 1.17 (1.12-1.22) 1.07 (1.02-1.12)

Data are presented as odds ratios (OR) and 95% confidence intervals (Cl). Model 1: adjusted for age, sex. Model 2: adjusted for age,
sex, school type, residence, living with parents, family affluence scale, monthly pocket money, parents’ education level, academic
achievement, smoking status, alcohol use, regular physical activity, sexual experience, and drug experience. Model 3: adjusted for
age, sex, school type, residence, living with parents, family affluence scale, monthly pocket money, parents’ education level, academic
achievement, smoking status, alcohol use, regular physical activity, sexual experience, drug experience, stress, health status, happiness,

and depression.

internet use status and weekday or weekend internet time.
Weekday (113.3+85.4, 151.9£105.3, 207.3+146.4, P<0.001)
and weekend Internet times (171.3x112.7, 250.3x141.4,
328.6£175.1, respectively, P<0.001) were also significantly
different among the non-problematic internet user,
probable internet addiction (PIA), IA group.

The prevalence and adjusted odds ratios (ORs) for
asthma according to IA status in the young adult population
is presented in Tuable 4. After adjustment for age and sex
(model 1), the OR of asthma prevalence with probable
TA was 1.42 [95% confidence interval (CI): 1.32-1.54],
whereas it was 1.15 (95% CI: 1.10-1.21) with IA, compared
to non-problematic Internet use. After adjustment for
model 1 plus sociodemographic factors (i.e., school
type, residence, living with parents, family affluence
level, monthly pocket money, parental education level,
academic achievement, smoking status, alcohol use, regular
physical activity, sexual experience, and drug experience)
(model 2), probable IA (OR: 1.38, 95% CI: 1.27-1.49)
and IA (OR: 1.17, 95% CI: 1.12-1.22) were significantly
associated with increased risk of asthma, compared to non-
problematic Internet use. After adjustment for model 2 plus
psychosomatic factors (i.e., stress, health status, happiness,
and depression) (model 3), probable IA (OR: 1.16, 95%
CI: 1.08-1.26) and IA (OR: 1.07, 95% CI: 1.02-1.12)

© Journal of Thoracic Disease. All rights reserved.

were significantly associated with increased risk of asthma,
compared to non-problematic Internet use. Twenty
questionnaires of the simplified Korean Internet Addiction
Self-Assessment Tool (KS scale) in Table S1.

Discussion

We found that IA was associated with an increased
prevalence of asthma among adolescents in South
Korea. To the best of our knowledge, there have been
no studies regarding links between IA and immune
function; however, IA may exhibit a negative impact on
immune function, mediated by the elevated levels of stress
involved in problematic Internet use. Compared with our
study results (asthma group: 18.5%, non-asthma group:
15.2%), prevalence of problematic internet use among
rural adolescents in Korea showed 21.6% students were
problematic internet user (9).

Problematic IA may increase sympathetic nervous
system activity (22,23), leading to elevated levels
of corticosteroids and subsequent reduced immune
function (24). This pathway may support a link between
IA and reduced immune function, but further studies are
necessary to confirm this hypothesis. Although our study
revealed that IA is associated with adolescent asthma after
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adjustment for depression, this link between problematic
IA and adolescent asthma has been shown to persist beyond
the effects of many other functional areas (e.g., depression
and anxiety) associated with IA (25,26).

Social networks, such as Facebook, may represent a new
type of psychological stress that can worsen the symptoms
of asthma (11). Therefore, it is advisable to consider this
type of trigger when assessing exacerbation of asthma;
Facebook use presumably exacerbates asthma symptoms.
A previous report described a boy who experienced
exacerbation of asthma symptoms upon viewing his former
girlfriend’s Facebook posts (27). Hyperventilation may play
a substantial role in the relationship between Facebook use
and exacerbation of asthma symptoms (28). Considering the
high prevalence rates of asthma and problematic IA among
adolescents, this type of trigger must be considered during
assessment of asthma exacerbation. Data reported thus far
suggest that some aspects of IA may serve as psychological
triggers for illnesses, including asthma. In contrast, some
studies have suggested that the positive aspect of Internet
social networks may serve to increase self-esteem (29,30).
J6zsa et al. reported that female adolescents with asthma use
the Internet more frequently; this Internet use may provide
social feedback to supplement their self-esteem (31).

The remarkable increase in social network use, especially
among adolescents, has led health specialists to further
survey the impacts of these new media on the general
population and on individuals affected by chronic diseases,
such as asthma. The results of the present study suggest
that health care specialists should monitor the beneficial
and harmful effects of Internet use among adolescents with
asthma.

Notably, stress systems serve to regulate the adaptive
responses of organisms to all types of stressors. Improper
responsiveness may explain increased susceptibility to
various disorders, including asthma. There is evidence
that specific genes may be involved in stress and that
inflammatory responses may influence the development
of asthma (32). However, the term “psychogenic asthma”
has existed for some time; it has been used to describe
asthma exacerbations, which can be caused by emotional or
psychological stress. Haczku ez 4l. recently demonstrated
this effect in an animal model (33). Notably, experimental
data suggest that psychosocial stress may be involved
in corticosteroid insensitivity, which is associated with
poor response to asthma treatment. This link between
mental illness and asthma has been observed in several
epidemiological studies, especially with regard to anxiety

© Journal of Thoracic Disease. All rights reserved.
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and depression (34). Although this relationship between
cause and effect has not yet been confirmed, advances
in knowledge regarding stress-induced inflammatory
mechanisms may support epidemiological findings. In
the context of IA, virtual emotional stressors can cause
asthma exacerbations, particularly in individuals with poor
management of asthma due to concurrent depression.

Although the underlying effects of virtual stressors
remain speculative, adolescent patients with asthma should
undergo a thorough psychological assessment, considering
virtual stressors, in clinical practice. Recent studies have
shown that stressor effects are major risk factors for
development of asthma—the events most closely associated
with the development of asthma include divorce, marital
problems, severe family illness, and serious conflict with
supervisors. This hypothesis may explain why stressful life
events are associated with psychological, immunological,
and endocrine systems (35).

This study had some limitations. First, the cross-sectional
study design did not support analysis of a potential cause-
and-effect relationship between IA and asthma. Further
cohort studies are needed to explore the relationship
between IA and asthma. Second, this study was based on
web-based self-reported physician-diagnosed asthma only
and not using ISAAC study question “In the past 12 (twelve)
months bave you had wheezing (wheezing)?” which had a good
correlation with a medical diagnosis of asthma. Besides, we
did not assess current asthma symptoms. Therefore, caution
is necessary when interpreting our results regarding the
association between adolescent asthma and problematic IA.

Despite its limitations, this study had many strengths.
Because the data were gathered from a nationwide weighted
sample, they presumably represent the entire South Korean
adolescent population. IA has attracted minimal attention
in relation to the treatment of asthma. However, further
prospective studies are necessary to explore the relationship
between IA and adolescent asthma. Previous study showed
that asthma adolescent vulnerable bad health behaviors
such as drug abuse (36) and violence (5). Our study showed
that A is associated with an increased frequency of asthma
in Korean adolescents. Establishing a policy to control IA
in adolescent asthma will help manage asthma control.
Additional prospective studies are necessary to explore the
relationship between IA and adolescent asthma.
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Supplementary

Table S1 Twenty questionnaires of the simplified Korean Internet Addiction Self-assessment Tool (KS scale)

Have you ever had experiences as followed?

Never  Sometimes Often always

Disturbance of adaptive functions 1. Worse health because of internet use
2. Headache because of excessive internet use
3. Not doing what you planned because of internet use

4. Falling asleep in classes as you were tired because of
internet use

5. Failing of eyesight because of internet use

6. Not able to resist using internet even you have many

things to do
Positive anticipation 7. Having more self-confidence when you use internet
Withdrawal 8. Being bored and dull if you cannot use internet

9. Dithering or being nervous if you cannot use internet

10. Recurring to internet contents even when you do not
use internet

11. Being angry with someone who blocks internet use

Virtual 12. People who met in cyberspace treat me better that
interpersonal relationship those who have known in real life

13. More people in cyberspace recognize me than those
in real life

14. Understanding people in cyberspace more than those
in real life

Deviant behaviors 15. Being tried to deceive the time of internet use
16. Spending more money because of internet use
Tolerance 17. Wanting more if you stop using internet

18. Failing to lessen time of internet use

19. Occurring a thought endlessly that you should lessen
internet use

20. Others said that | use internet too much
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