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Abstract
Background  We examined the associations between screen time and adolescent obesity and the associations of 
reallocating screen time to other activities using isotemporal substitution models. Understanding the association 
between screen time and obesity may provide additional insights into effective obesity prevention strategies in 
adolescents.

Methods  We conducted a cross-sectional analysis of 5,180 adolescents (4th and 7th grade students) from the Korean 
Children and Youth Panel Survey 2018. Participants reported their height, weight, and average time spent watching 
television, using computer, using smartphone, and other after-school activities. Obesity was defined as BMI-for-age 
and -sex ≥ 95th percentile based on the 2017 Korean National Growth Charts. We performed multivariable logistic 
regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between screen time 
and obesity prevalence, adjusting for potential confounders.

Results  Prolonged smartphone use (≥ 180 vs. <60 m/d: OR [95% CI] = 2.75 [2.06, 3.68]) was associated with a higher 
obesity prevalence. Television watching (≥ 120 vs. <60 min/d) was positively associated with obesity prevalence 
among 4th grade students (2.09 [1.51, 2.89]) but the association was not observed among 7th grade students 
(0.97 [0.63, 1.49]). One-hour increments of any non-screen time activities, with a simultaneous 1-hour decrease in 
combined screen time, were associated with a lower obesity prevalence (physical activity: 0.75 [0.65, 0.85]; sleeping: 
0.69 [0.62, 0.78]; hanging out with friends: 0.80 [0.71, 0.89]; reading: 0.82 [0.69, 0.97]; studying: 0.84 [0.78, 0.90]; chatting 
with parents: 0.89 [0.88, 0.98]).

Conclusions  Our data suggest that public health strategies that reduce screen time and increase time for non-screen 
time activities, such as physical activity, may be effective in lowering adolescent obesity prevalence.
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Introduction
Adolescents spend a large proportion of their leisure time 
in front of screens such as televisions, computers, and 
smartphones [1, 2]. Many studies have shown that pro-
longed television watching increases the risk of obesity 
among adolescents [3, 4]. Recent studies also suggested 
that combined screen time, including time spent using 
computers and smartphones, is positively associated 
with obesity prevalence among teenagers [5, 6]. How-
ever, most studies did not differentiate the associations 
by specific types of screen device use [7, 8] and thus it 
is unclear whether the association varies by the type of 
screen device use (e.g., smartphone use vs. television 
watching) among adolescents. While different types 
of screen devices share similar characteristics such as 
increasing sedentary time, each type has distinct charac-
teristics that may potentially yield differential effects on 
adolescent health and behaviors. For example, while tele-
visions provide a limited selection of programs and con-
tents, computers and smartphones offer flexible access 
to a wider range of contents (e.g., videos, games, webt-
oons, and social media) that may influence adolescents’ 
perception on health and nutrition [9–11]. Compared 
with televisions and computers, smartphones can also 
be more easily carried around and used without restric-
tion on time and location. For this reason, smartphones 
are more likely to be used before bedtime [12] and during 
mealtime [13] and thereby may have a strong influence 
on sleeping [12, 14] and eating behaviors [10, 15].

Further, while the current guideline recommends less 
than 2 h/d of screen time for adolescents [16], the guide-
line does not provide clear recommendations on spe-
cific activities that may replace screen time for better 
health. Given the finite time of 24-hour a day, a decrease 
in screen time indicates an increase in the time spent 
on other activities (i.e., substitution effect). The activity 
choice is likely to differentially influence body weight. 
The isotemporal substitution models allow addressing 
these substitutions. Previous findings from isotemporal 
substitution models suggested the benefit of reallocating 
sedentary time to physically active time for obesity pre-
vention [17, 18]. However, little is known about the asso-
ciation of reallocating screen time to other daily activities 
(e.g., physical activity or sleeping) among adolescents.

In this study, we examined the association of combined 
screen time, as well as specific types of screen device use 
(television, computer, and smartphone), with obesity 
prevalence among adolescents, using nationally represen-
tative data from South Korea. South Korea is one of the 
countries with the highest rate of adolescent smartphone 
use [19]. We also used isotemporal substitution models 
[20, 21] to examine the associations of reallocating time 
spent using screen devices to other activities (physi-
cal activity, sleeping, hanging out with friends, reading, 

studying, and chatting with parents). We hypothesized 
that more modern screen device use, particularly smart-
phone use, may be associated with higher obesity preva-
lence and that reallocating screen time for more active 
behaviors (e.g., physical activity) may lower the obesity 
prevalence in adolescents.

Methods
Study population
We conducted a cross-sectional analysis using data from 
the first wave of the Korean Children and Youth Panel 
Survey 2018 (KCYPS 2018). The KCYPS 2018, conducted 
by the National Youth Policy Institute (NYPI), has two 
on-going cohorts that began in 2018 among nationally 
representative samples of 4th grade (elementary school; 
n = 2,607; aged 9–11 years) and 7th grade (1st year in 
middle school; n = 2,590; aged 12–14 years) South Korean 
students. The participants were selected using a multi-
stage stratified cluster sampling based on geographic 
area. Briefly, 171 elementary schools and 162 middle 
schools were selected based on the probability propor-
tional to size (PPS) sampling from 17 cities and provinces 
of Korea. Within each school, a classroom was selected 
at random. All students in the selected classroom were 
asked for assent to participate in the study. Among stu-
dents who agreed to participate, their households (par-
ents or guardians) were contacted to collect consent to 
participate before the home visit survey. During home 
visit, the information on behavioral and environmental 
factors was collected via tablet-assisted in-person inter-
view conducted by trained study staff, following stan-
dardized protocols. Parental and household information 
was collected via separate interview of participant’s par-
ent or guardian. The survey was designed and developed 
through focus group and pilot studies that assessed the 
quality and reliability of responses from the target popu-
lation. The same survey methods and procedures were 
used in both cohorts (4th and 7th grade). All partici-
pants and their parents (or guardians) provided informed 
consent and the study was approved by the Ethics Com-
mittee of the National Youth Policy Institute and Korea 
University (IRB-2022-0037).

Among 5,197 KCYPS 2018 participants (2,607 4th 
grade and 2,590 7th grade students), we excluded par-
ticipants with missing information on weight or height 
(n = 17). In total, 5,180 participants (2,594 4th grade and 
2,586 7th grade students) were included in the current 
analysis (participant flowchart in Supplementary Fig. 1).

Screen time and other after-school activities
Participants were asked to report the average time they 
spent on each of the following activities on usual week-
days and weekends during the past academic semes-
ter: using smartphones for leisure, using computers for 
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leisure, watching television for leisure, chatting with par-
ents or caregivers, studying at private academies or tutor-
ing, watching lectures online or on television, attending 
after-school classes, doing homework or studying alone, 
reading for leisure (excluding reading textbooks), exer-
cising or performing physical activity after school, and 
hanging out with friends. The responses were reported in 
categories: never, < 30 min, 30 min to < 1 h, 1 h to < 2 h, 
2 h to < 3 h, 3 h to < 4 h, and ≥ 4 h. For each activity, we 
assigned the midpoint value to each category (the width 
of open-ended extreme category was assumed to be the 
same as that of adjacent category) and estimated aver-
age daily duration using the following formula: (weekday 
duration × 5 + weekend duration × 2)/7. For each partici-
pant, combined screen time was estimated as the sum 
of time spent watching television, using computers, and 
using smartphones during leisure time. For easier inter-
pretation, each screen time variable was categorized 
into the 60-minute intervals. After collapsing extreme 
intervals with scarce data, the following categories were 
used in the analyses: combined screen time (< 120, 120 
to < 180, 180 to < 240, and ≥ 240  m/d); smartphone use 
(< 60, 60 to < 120, 120 to < 180, ≥180  min/d); computer 
use (< 60, 60 to < 120, ≥120 min/d); and television watch-
ing (< 60, 60 to < 120, ≥120 min/d). Duration of studying 
at private academies or tutoring, watching lectures online 
or on television, attending after-school classes, and doing 
homework or studying were summed to represent com-
bined study time. Participants were also asked to report 
the usual time going to bed at night and getting up in the 
morning, separately for weekdays and weekends. Based 
on the response, we estimated average daily sleep dura-
tion. For an isotemporal substitution analysis, we esti-
mated the average hour spent on each activity during the 
24-hour day by assuming that the activities assessed in 
the study is an exhaustive list that participants performed 
during an average day. We also assumed that the contri-
butions of other daily activities that were not assessed 
in the study would be minimal. Because the duration 
of activities did not exactly add up to 24 h in some par-
ticipants, we first calculated the proportion that each 
activity (using smartphones, using computers, watch-
ing television, performing physical activity, hanging out 
with friends, chatting with parents, studying, reading) 
contributed to participant’s summed duration of activi-
ties and then multiplied the proportion by participant’s 
waking hours (24 h minus sleeping and school hours). In 
the end, the activity times added up to 24 h within each 
participant, as indicated by the following Eq. (24 h = time 
using smartphones + time using computers + time watch-
ing televisions + time performing physical activity + sleep-
ing time + time hanging out with friends + reading 
time + studying time + time chatting with parents + time at 
school).

Obesity
Participants were asked to report their current weight 
and height. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2). Obesity 
was defined as those with BMI-for-age and -sex ≥ 95th 
percentile based on the 2017 Korean National Growth 
Charts for children and adolescents [22].

Covariates
During interview, participants were asked to report their 
sex (boy or girl), date of birth, and academic performance 
(5 Likert scale: very poor, poor, fair, good, very good). 
Perceived parental control was assessed using the Korean 
Version of Parents as Social Context Questionnaire for 
Adolescents (PSCQ_KA), which has previously been 
validated [23]. Perceived parental psychological control 
score (range 4–16) was calculated by summing the scores 
from the following 4 questions related to parental psy-
chological control (“My parents always push me to do 
something.”; “My parents tell me what I do.”; “My par-
ents think that when they do something, their way is the 
only way to do it.”; “My parents say “no” to everything.”). 
Each question was responded in the 4 Likert scale (score 
1–4). Higher scores indicate stronger perceived parental 
psychological control. For each participant, a parent (or 
a guardian) was separately interviewed to collect parental 
and household information, including a list of household 
members, mother’s and father’s highest education, and 
average monthly household income.

Statistical analysis
We performed multivariable logistic regression to esti-
mate odds ratios (ORs) and 95% confidence intervals 
(CIs) for the association between screen time and obesity 
prevalence in each cohort (4th and 7th grade students), 
as well as in the pooled population. Multivariable mod-
els included potential confounders: grade, sex, parental 
co-residence, parents’ highest education level, monthly 
household income, academic performance, and perceived 
parental control. Additional adjustment for parents’ 
occupation and participant’s depressive symptom score 
did not change the OR estimates and thus these variables 
were not included in the final models. To account for 
clustering effect of students, we additionally adjusted for 
school in sensitivity analyses. Results did not change and 
thus school was not included in the final models (Supple-
mentary Table 1). We tested for linear trends using the 
Wald test for continuous exposure variables (h/d). We 
also examined effect modification by school grade (4th 
grade vs. 7th grade) and sex (boy vs. girl) because sus-
ceptibility and risk factors for obesity may vary by these 
variables. We tested for interaction using the Wald test 
for product terms. Next, we performed isotemporal sub-
stitution analyses. The isotemporal substitution models, 



Page 4 of 9Byun et al. BMC Public Health         (2024) 24:3130 

by definition, estimate the association of reallocating one 
activity type to another activity type for the same amount 
of time (e.g., reallocating time spent on television watch-
ing to physical activity) [20, 21]. In isotemporal substitu-
tion models, we included all activity time variables that 
contributed to participant’s 24-hour time composition, 
except for screen time variables (the activity being dis-
placed), as follows: Logit (obesity) = β0 + (β1) time per-
forming physical activity + (β2) sleeping time + (β3) time 
hanging out with friends + (β4) reading time + (β5) study-
ing time + (β6) time chatting with parents + covariates. 
Time at school was not included in the model because 
it was the same for all participants in the same grade. In 
these models, the OR indicates the association of 1-hour 

increment in the corresponding activity time (with simul-
taneous 1-hour decrement in screen time), while holding 
the other activity times constant.

All statistical tests were 2-sided with a 5% type I error 
rate. Bonferroni correction was performed to adjust for 
multiple testing. All analyses were conducted using SAS 
version 9.4 (SAS Institute).

Results
Study population
The obesity prevalence was 9.6% (10.4% 4th grade; 8.9% 
7th grade) and mean combined screen time was 3.0 h/d 
(2.6 h/d 4th grade; 3.4 h/d 7th grade) in the pooled pop-
ulation (Table  1). Compared with 7th grade students, 

Table 1  Characteristics of study participants in the KCYPS 2018
Characteristics Pooled population

(n = 5180)
4th grade students
(n = 2594)

7th grade students
(n = 2586)

N (%) or mean (SD)
Sex
  Boys 2710 (52.3) 1306 (50.3) 1404 (54.3)
  Girls 2470 (47.7) 1288 (49.7) 1182 (45.7)
Obesity prevalencea 498 (9.6) 269 (10.4) 229 (8.9)
Parental co-residence
  None or one parent 452 (8.7) 208 (8.0) 244 (9.4)
  Both parents 4728 (91.3) 2386 (92.0) 2342 (90.6)
Parents’ highest education
  High school or lower 1185 (22.9) 507 (19.6) 678 (26.2)
  College or higher 3995 (77.1) 2087 (80.4) 1908 (73.8)
Monthly household income, KRW
  < 2,000,000 309 (6.0) 149 (5.7) 160 (6.2)
  2,000,000 to < 4,000,000 1352 (26.1) 704 (27.1) 648 (25.1)
  4,000,000 to < 6,000,000 2044 (39.4) 1027 (39.6) 1017 (39.3)
  6,000,000 to < 8,000,000 869 (16.8) 421 (16.2) 448 (17.3)
  ≥ 8,000,000 606 (11.7) 293 (11.4) 313 (12.1)
Academic performance
  Poor or fair 2090 (40.3) 779 (30.0) 1311 (50.7)
  Good 2841 (54.9) 1685 (65.0) 1156 (44.7)
  Missing 249 (4.8) 130 (5.0) 119 (4.6)
Perceived parental control scoreb 8.6 (2.6) 8.4 (2.6) 8.7 (2.6)
Average duration of daily activities, h/d
  Combined screen time 3.0 (1.6) 2.6 (1.6) 3.4 (1.6)
    Using smartphone 1.6 (1.2) 1.3 (1.1) 1.9 (1.2)
    Using computer 0.5 (0.8) 0.3 (0.5) 0.7 (0.9)
    Watching television 0.9 (0.8) 1.1 (0.9) 0.8 (0.7)
  Performing physical activity 1.0 (0.8) 1.1 (0.8) 0.8 (0.7)
  Sleeping 8.8 (1.0) 9.3 (0.8) 8.4 (0.9)
  Hanging out with friends 1.3 (0.9) 1.3 (0.9) 1.3 (1.0)
  Reading 0.6 (0.6) 0.7 (0.7) 0.5 (0.5)
  Studying 3.5 (1.6) 3.7 (1.5) 3.3 (1.6)
  Chatting with parents 1.6 (1.0) 1.7 (1.1) 1.4 (0.9)
Abbreviation KCYPS, Korean Children and Youth Panel Survey; KRW: South Korean Won; SD, standard deviation
a Obesity was defined as age- and sex-specific body mass index ≥ 95th percentile based on the 2017 Korean National Growth Charts for children and adolescents
b Perceived parental psychological control score (range 4–16) was calculated by summing the scores from the following 4 questions related to parental psychological 
control (My parents always push me to do something; My parents tell me what I do; My parents think that when they do something, their way is the only way to do 
it; My parents say “no” to everything). Each question had a score that ranged 1–4
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the 4th grade students were more likely to have a lon-
ger duration of television watching (1.1 vs. 0.8 h/d) and 
shorter durations of smartphone use (1.3 vs. 1.9 h/d) and 
computer use (0.3 vs. 0.7 h/d). Students with prolonged 
combined screen time (≥ 240 vs. <120 min/d) were more 
likely to be boys and have lower household income, poor 
academic performance, and lower parental education, 
and were less likely to live with both parents (Supplemen-
tary Table 2). They also had longer time hanging out with 
friends and shorter time sleeping, performing physical 
activity, chatting with parents, studying, and reading.

Association between screen time and obesity
Table  2 presents the association between screen time 
and obesity prevalence. Prolonged combined screen time 
(≥ 240 vs. <120 m/d) was statistically significantly associ-
ated with a higher obesity prevalence in all groups (OR 
[95% CI] = 2.42 [1.83, 3.20] pooled population; 2.76 [1.95, 
3.92] 4th grade; 1.79 [1.11, 2.89] 7th grade). When we 

examined the associations with specific types of screen 
device use, prolonged smartphone use (≥ 180 vs. <60 m/d) 
was positively associated with obesity prevalence in all 
groups (OR [95% CI] = 2.75 [2.06, 3.68] pooled; 3.59 [2.42, 
5.32] 4th grade; 2.00 [1.28, 3.12] 7th grade). Prolonged 
television watching (≥ 120 vs. <60  min/d) was positively 
associated with obesity prevalence among the 4th grade 
students (OR [95% CI] = 2.09 [1.51, 2.89]) but the positive 
association was not observed among the 7th grade stu-
dents (0.97 [0.63, 1.49]; p-interaction = 0.02). Among the 
4th grade students, computer use was only marginally 
significantly associated with a higher obesity prevalence 
(OR [95% CI] = 1.73 [0.93, 3.21]; p-trend = 0.05). Most 
associations remained statistically significant after Bon-
ferroni correction for multiple testing.

Isotemporal substitution analysis
Figure 1 shows the results from isotemporal substitution 
analysis in the pooled population. One-hour increments 

Table 2  Odds ratios (ORs) and 95% confidence intervals (CIs) for the associations between screen time and obesity prevalence
Screen time Pooled population Stratified by grade in school

4th grade students 7th grade students
Cases / N OR (95% CI) a Cases / N OR (95% CI) b Cases / N OR (95% CI) b p-int c

Combined screen time, m/d
  < 120 85 / 1464 1.00 (ref ) 63 / 1062 1.00 (ref ) 22 /402 1.00 (ref )
  120 to < 180 87 / 1028 1.54 (1.13, 2.11) f 51 / 556 1.49 (1.01, 2.20) 36 / 472 1.39 (0.80, 2.41)
  180 to < 240 106 / 970 2.05 (1.51, 2.78) f 64 / 441 2.42 (1.67, 3.52) f 42 / 529 1.40 (0.82, 2.39)
  ≥ 240 220 / 1718 2.42 (1.83, 3.20) f 91 / 535 2.76 (1.95, 3.92) f 129 / 1183 1.79 (1.11, 2.89)
  p-trend d < 0.0001 f < 0.0001 f 0.01 0.21
Smartphone use, m/d
  < 60 122 / 1925 1.00 (ref ) 90 / 1382 1.00 (ref ) 32 / 543 1.00 (ref )
  60 to < 120 138 / 1417 1.69 (1.30, 2.19) f 71 / 662 1.62 (1.17, 2.26) f 67 / 755 1.53 (0.99, 2.39)
  120 to < 180 115 / 968 2.24 (1.69, 2.97) f 57 / 323 2.84 (1.97, 4.08) f 58 / 645 1.57 (1.00, 2.47)
  ≥ 180 123 / 870 2.75 (2.06, 3.68) f 51 / 227 3.59 (2.42, 5.32) f 72 / 643 2.00 (1.28, 3.12) f

  p-trend d < 0.0001 f < 0.0001 f 0.004 f 0.05
Computer use, m/d
  < 60 381 / 4140 1.00 (ref ) 235 / 2374 1.00 (ref ) 146 / 1766 1.00 (ref )
  60 to < 120 59 / 607 0.95 (0.70, 1.29) 20 / 146 1.30 (0.79, 2.14) 39 / 461 0.76 (0.52, 1.12)
  ≥ 120 58 / 433 1.26 (0.92, 1.74) 14 / 74 1.73 (0.93, 3.21) 44 / 359 1.08 (0.73, 1.57)
  p-trend d 0.26 0.05 0.99 0.18
Television watching, m/d
  < 60 278 / 3217 1.00 (ref ) 130 / 1531 1.00 (ref ) 148 / 1686 1.00 (ref )
  60 to < 120 125 / 1273 1.16 (0.93, 1.45) 72 / 689 1.25 (0.92, 1.70) 53 / 584 1.07 (0.77, 1.50)
  ≥ 120 95 / 690 1.53 (1.19, 1.98) f 67 / 374 2.09 (1.51, 2.89) f 28 / 316 0.97 (0.63, 1.49)
  p-trend d 0.001 f < 0.0001 f 0.96 0.02
Abbreviation OR, Odds Ratios; CI, Confidence intervals
a Adjusted for grade (4th; 7th grade), sex (boy; girl), parental co-residence (none or one parent; both parents), parents’ highest education (high school or lower; 
college or higher), monthly household income (< 2,000,000; 2,000,000 to < 4,000,000; 4,000,000 to < 6,000,000; 6,000,000 to < 8,000,000; ≥8,000,000 KRW), academic 
performance (poor or fair; good; missing), and perceived parental control score (continuous)
b Adjusted for sex (boy; girl), parental co-residence (none or one parent; both parents), parents’ highest education (high school or lower; college or higher), monthly 
household income (< 2,000,000; 2,000,000 to < 4,000,000; 4,000,000 to < 6,000,000; 6,000,000 to < 8,000,000; ≥8,000,000 KRW), academic performance (poor or fair; 
good; missing), and perceived parental control score (continuous)
c P-interaction was estimated using the Wald test for the production term between screen time and grade
d P-trend was estimated using the Wald test for continuous screen time variables
f Statistical significance at Bonferroni-corrected α level of 0.0125 (4 exposures)
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of any non-screen time activities, with a simultaneous 
1-hour decrease in combined screen time, were associ-
ated with a lower obesity prevalence (physical activity: 
0.75 [0.65, 0.85]; sleeping: 0.69 [0.62, 0.78]; hanging out 
with friends: 0.80 [0.71, 0.89]; reading: 0.82 [0.69, 0.97]; 
studying: 0.84 [0.78, 0.90]; chatting with parents: 0.89 
[0.88, 0.98]; Fig.  1A). Similarly, substituting 1-hour of 
smartphone use for non-screen time activities (physi-
cal activity: 0.71 [0.61, 0.82]; sleeping: 0.66 [0.59, 0.75]; 
hanging out with friends: 0.76 [0.66, 0.86]; reading: 0.78 
[0.66, 0.93]; studying: 0.80 [0.73, 0.87]; chatting with 
parents: 0.84 [0.75, 0.94]) or computer use (0.84 [0.73, 
0.97]) were inversely associated with obesity prevalence 
(Fig. 1B). Substituting 1-hour of computer use for physi-
cal activity (0.84 [0.71, 0.99]) or sleeping (0.78 [0.67, 
0.92]) were associated with lower obesity prevalence, 
whereas substituting for smartphone use was associ-
ated with a higher obesity prevalence (1.18 [1.03, 1.36]; 
Fig.  1C). For television watching, physical activity (0.76 
[0.64, 0.88]), sleeping (0.71 [0.61, 0.82]), hanging out 
with friends (0.81 [0.70, 0.93]), and studying (0.85 [0.76, 
0.95]) were inversely associated with obesity preva-
lence (Fig.  1D). Similar results were observed when we 

separately examined the associations among the 4th 
(Supplementary Fig.  2) and 7th grade students (Supple-
mentary Fig. 3).

In the stratified analysis by sex, similar patterns of asso-
ciations were observed in both boys and girls (Supple-
mentary Table 3; Supplementary Figs. 4–5).

Discussion
In this cross-sectional analysis of nationally representa-
tive samples of Korean adolescents, we observed that 
prolonged screen time, particularly smartphone use, was 
associated with a higher prevalence of obesity. In iso-
temporal substitution analyses, reallocating screen time 
to any non-screen time activities, particularly perform-
ing physical activity and sleeping, were associated with a 
lower obesity prevalence in Korean adolescents. Our data 
suggest potential benefit of substituting screen time for 
non-screen time activities among Korean adolescents.

Our findings of the positive association between screen 
time and obesity are consistent with those from previous 
studies [5–7]. In our analysis, we further demonstrated 
that the positive association persisted after adjust-
ment for potential confounders, including parental and 

Fig. 1  Odds ratios (ORs) and 95% confidence intervals (CIs) of obesity prevalence associated with substituting 1-hour of screen time for 1-hour of non-
screen time activities in the pooled population. The graphs show the ORs and 95% CIs of obesity prevalence associated with increasing 1-hour of each 
non-screen time activity while decreasing 1-hour of (A) combined screen time, (B) smartphone use, (C) computer use, and (D) television watching in the 
pooled population. Models adjusted for school grade (4th, 7th grade), sex (boy, girl), parental co-residence (none or one parent, both parents), parents’ 
highest education (high school or lower, college or higher), monthly household income (< 2,000,000; 2000,000 to < 4,000,000; 4,000,000 to < 6,000,000; 
6,000,000 to < 8,000,000; ≥8,000,000 KRW), academic performance (poor or fair, good, missing), perceived parental control (score 4–16, continuous), and 
all non-screen time activities (performing physical activity, sleeping, hanging out with friends, reading, studying, chatting with parent)

 



Page 7 of 9Byun et al. BMC Public Health         (2024) 24:3130 

socioeconomic factors, supporting the robustness of our 
results. During screen time, adolescents are likely to be 
exposed to advertisements of energy-dense foods [24, 25] 
and various contents that deliver misleading messages on 
food and nutrition [26–29]. Unhealthy food perception 
may lead to unhealthy food choices and eating behaviors 
[30]. Eating during screen time can also promote snack-
ing, particularly the consumption of obesogenic, ultra-
processed foods (e.g., ready-meals, instant foods) [10, 
31], and “mindless eating” (eating without acknowledge-
ment of the quantity and quality of foods) [32], leading to 
overeating and extra calorie consumption [33]. In addi-
tion, because screen devices are often used in lying or sit-
ting positions, screen time may increase sedentary time, 
resulting in lower daily calorie expenditure and dysregu-
lated metabolism [6, 34]. Prolonged screen time may also 
disrupt sleep duration and quality [6, 35–38], leading to 
altered appetite and metabolism [39]. Participants with 
prolonged screen time are also likely to have shorter time 
left for other beneficial activities such as physical activity.

In the present study, we further investigated the asso-
ciations with three different types of screen device use 
(television, computer, and smartphone). We observed 
that the positive association with obesity was most pro-
nounced for smartphone use, which also accounted for 
the largest proportion of combined screen time among 
adolescents. In addition, our isotemporal substitution 
analysis showed that substituting the time spent using 
smartphones for using computers was also inversely asso-
ciated with obesity prevalence, suggesting a possible vari-
ation in associations among different screen device use. 
The variation may be due to the differences in content 
type (e.g., games, video, social media) and environmental 
setting (e.g., day vs. night, bedroom vs. outdoor, alone vs. 
with friends) that adolescents are commonly exposed to 
while using specific screen devices. For example, comput-
ers may be more likely to be used for information search 
and retrieval, while smartphones may be more likely 
to be used for accessing entertainment contents (e.g., 
games, video). A previous study has shown that using 
screen devices mainly for entertainment contents is asso-
ciated with more frequent intake of obesogenic foods, 
such as sugar-sweetened beverages, compared with using 
mainly for education and information search [10]. In 
another study, prolonged leisure-time internet use but 
not study-time internet use was associated with more 
frequent intakes of fast foods and sugar-sweetened bev-
erages [11], suggesting that the associations with dietary 
behaviors may vary by the content type. Further, with 
widespread algorithm-based advertising in digital plat-
forms, the types of advertisement being exposed and the 
accuracy of information obtained may also vary depend-
ing on the contents commonly accessed while using 
screen devices. The associations may also vary depending 

on the time of the day and the place being used. Screen 
use during mealtime and before bedtime are more likely 
to influence eating and sleeping behaviors than screen 
use outside of meal- or bedtime [15, 37, 40]. The time of 
the day is also likely to influence appetite and cravings. 
Compared with other screen devices, smartphone is the 
most portable device and thus is more likely to be used 
during mealtime and before bedtime [41]. Smartphone 
use during mealtime can promote snacking and mind-
less eating, leading to consumption of extra calories [32, 
33]. Smartphone use before bedtime can disrupt sleep 
patterns [37], leading to hormone imbalance and appe-
tite dysregulation [39]. Dietary environment and food 
options during screen time are also likely to differ when 
using screen devices at home vs. during transportation. 
However, our data lack information on the time, content, 
and place of screen device use and thus we were not able 
to examine the associations after accounting for these 
factors. Further studies are needed to clarify the variation 
in contents and environmental settings being exposed 
while using different screen devices.

In our study, we also observed that reallocating time 
spent using screen devices to performing physical activ-
ity and sleeping were associated with a lower obesity 
prevalence among both 4th and 7th grade students. 
Spending more time on non-sedentary activities (e.g., 
playing sports) may increase energy expenditure and 
lower obesity prevalence. Although sleeping is a seden-
tary behavior, sufficient sleep helps regulate metabo-
lism and appetite [42, 43]. Compared with screen time, 
sleeping is also likely to contribute to lower energy con-
sumption because there is no extra calorie consump-
tion while sleeping. We also observed that substituting 
combined screen time for other non-screen time activi-
ties, such as reading, studying, and chatting with par-
ents, were inversely associated with obesity prevalence. 
Consistent with our findings, a previous study reported 
that substituting combined screen time for other seden-
tary activities, such as reading, talking, and listening to 
music, was associated with lower BMI among Chinese 
1st to 3rd grade students [44]. Regardless of the type of 
activities replacing screen time, reducing screen time 
itself is likely to reduce obesity prevalence by decreasing 
indiscriminate exposure to unhealthy, obesogenic con-
tents (e.g., advertisements of unhealthy foods). Adoles-
cents are also likely to consume less energy from drinks 
and solid foods while reading and talking, compared 
with while watching screens [45, 46]. Compared with 
screen time activities, reading and talking are also likely 
to involve more active brain engagement [47]. Further, 
positive relationship with parents via frequent, intimate 
communications has shown to be associated with a lower 
obesity risk [48]. Using isotemporal substitution models, 
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our findings provide additional insights for future public 
health recommendations.

We acknowledge that this study has several limitations. 
First, because of the cross-sectional design of our study, 
we cannot confirm the temporal relationship between 
screen time and obesity. The relationship between screen 
time and obesity may be bi-directional [3] and thus longi-
tudinal studies are needed to confirm our results. Second, 
given the self-reported data, our analysis is also subject to 
measurement errors. For screen time and other activity 
variables, participants were asked to report the average 
time spent on each activity during the past semester and 
thus the accurate recall required good memory. Addition-
ally, because the survey was conducted via face-to-face 
interview, the data are also subject to social desirability 
bias that may lead to under-reporting of screen time and 
obesity. Further studies may be needed to investigate the 
associations using more objective measurements (e.g., 
actigraph). Lastly, in the isotemporal substitution analy-
sis, we assumed that the contributions of other daily 
activities that were not assessed in the study would be 
minimal. Our results may include measurement errors if 
our assumption is not valid. Further studies are needed 
to confirm our results using more detailed data on daily 
activities.

Despite the limitations, this study has important 
strengths. We increased the generalizability of our study 
findings by using nationally representative samples of 
Korean adolescents. However, our results may not be 
generalizable to other populations of different ages and 
ethnicity if the contents and purpose of screen device use 
are different from those of our study population. Korea 
has one of the highest adolescent smartphone usage rate, 
with widespread use of online media platforms, such as 
YouTube and Instagram [19]. Adolescents’ screen media 
literacy may also influence their susceptibility to nega-
tive health effects of media contents. Further, while most 
studies evaluated combined screen time [17, 18, 49], our 
study also separately examined the associations of televi-
sion watching, computer use, and smartphone use and 
the associations of substituting screen time for various 
non-screen time activities.

Conclusions
In summary, we observed that prolonged screen time, 
particularly smartphone use, was positively associated 
with obesity prevalence among Korean adolescents. 
Reallocating the time spent using screen devices to 
non-screen time activities, such as performing physi-
cal activity and sleeping, was associated with a lower 
obesity prevalence. As adolescent obesity increases the 
risks of adult obesity and various chronic diseases, it is 
important to understand risk factors for obesity in con-
temporary adolescents. This study provides important 

insights into the negative health consequences of pro-
longed screen time and informs public health strategies 
to reduce obesity prevalence in adolescents. Given the 
worldwide increase in screen time and obesity prevalence 
among adolescents, public health strategies should focus 
on encouraging adolescents to engage in physical activity 
while decreasing screen device use. More efforts should 
also focus on providing appropriate guidance for devel-
oping healthy screen use behavior in adolescents and 
limiting access to unhealthy food marketing and inaccu-
rate health information in screen media.
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