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1 Introduction

Adolescence is a unique and sensitive developmental period of life during which
experiences can have lasting effects on health attitudes and behaviors. Increasing
attention has been directed toward several health issues affecting this age group. There is
a growing concern on digital media use since screen time has steadily increased over the
past two decades (Bucksch et al., 2016; Qi et al., 2023). The majority of adolescents far
exceed the World Health Organization’s (WHQO) recommended recreational limit of two
hours per day (European Commission, 2021). Another concern is the increasing
prevalence of mental health conditions among adolescents (Sacco et al., 2024; Twenge et
al., 2021), which are influenced by a complex interplay of factors, such as ongoing
adversity, peer pressure, identity exploration, media and gender expectations, and strained

family or peer relationships (World Health Organization, 2024).

The COVID-19 pandemic only further complicated the already difficult landscape. On
March 11, 2020, the World Health Organization officially declared COVID-19 a
pandemic (World Health Organization, 2020) that persisted until May 2023, during which
over 760 million confirmed cases and nearly seven million deaths were recorded globally
(Sarker et al., 2023). Besides the acute illness, several individuals still experience
prolonged impact, known as long COVID, which is estimated to affect 36% of people
previously diagnosed with COVID-19 globally (Hou et al., 2025). In addition to the direct
health burden, the pandemic had wide-ranging effects on society, disrupting education,
employment, social relationships, and mental well-being. Students were forced into
remote learning, which fundamentally altered their daily routines. All academic and
social interactions were moved to digital platforms. In these uncertain times, family
interactions can play a major protective role. The present thesis aims to understand these
pandemic-related changes in screen time and mental health among adolescents with a

particular focus on family-related factors within a Hungarian context.

1.1 Effects of Screen Time and Trends Among Adolescents

Several studies have drawn attention to excessive screen time and its possible

consequences on children and adolescents. Too much screen time is often linked to



disruptions in sleep patterns (Hale & Guan, 2015), which in turn can affect cognitive
functioning and academic performance (Dutil et al., 2022). Increased screen use may also
reduce the time engaging in face-to-face interactions with family and friends, limiting
opportunities for social development (Hall & Liu, 2022; Muppalla et al., 2023).
Additionally, it can lead to a more sedentary lifestyle, decreasing physical activity and
increasing the risk of weight-related health problems (Haghjoo et al., 2022). Beyond
physical effects, extended screen exposure is associated with mood disturbances,
including increased feelings of anxiety and depression (Liu et al., 2022; Santos et al.,
2023), as well as negative impacts on self-esteem (Santos et al., 2023) and body image
(Papageorgiou et al., 2022). The constant connectivity can contribute to a fear of missing
out, which may intensify stress and anxiety (Bloemen & De Coninck, 2020; Gupta &
Sharma, 2021). Furthermore, excessive screen time can interfere with learning

alternative, more balanced ways to relax and enjoy free time (Oberle et al., 2020).

Despite many studies reporting negative mental health effects of social media, other ones
argue that it might support well-being and social connectedness (Cauberghe et al., 2021;
Smith et al., 2021; Thomas et al., 2020). Not all forms of digital media is harmful. Digital
technologies, including educational apps, video games, and online learning platforms,
have been shown to enhance cognitive skills such as problem-solving, critical thinking,
and memory (Haddock et al., 2022). Furthermore, digital interventions can also promote
physical activity and healthy diet among adolescents (Navarra et al., 2021; Rose et al.,
2017).

Since the effects of digital media and screen time can be both beneficial and detrimental,
newer guidelines emphasize the importance of focusing on the quality of content, the
context of use, and the individual needs of youth, not merely on the amount of screen
time (American Academy of Child & Adolescent Psychiatry, 2025; American Academy
of Pediatrics, 2025; Ministry of Health Singapore, 2025). However, research studies still
mainly use hours of screen time or percentage of children exceeding two hours screen

time per day as outcomes.

Increasing screen time among children and adolescents has been described even before
the COVID-19 pandemic (Bucksch et al., 2016; Harvey et al., 2022), which just worsened
the trends according to cross-sectional studies (Kovacs et al., 2022; Trott et al., 2022). A



meta-analysis reported an average screen time of 2.7 hours per day before the pandemic,
which increased by 1.4 hours during the pandemic based on retrospective or historical
pre-pandemic data (Madigan et al., 2022). According to another meta-analysis, 46.6% of
schoolchildren exceed the WHO recommendation of two hours per day on average. When
comparing studies from before and after the COVID-19 outbreak, this study also reported
an increase from 41.3% before to 59.4% after January 2020 (Qi et al., 2023).

While cross-sectional research provides valuable information, it lacks the ability to
distinguish between effects related to specific time periods and differences across cohorts.
Therefore, longitudinal research that monitors screen time before and throughout the
COVID-19 pandemic is essential for accurately capturing how school closures have

influenced screen time.

1.2 Adolescents’ Mental Health

Adolescence is a particularly sensitive stage of life, during which the combined effects of
physical, emotional, and social changes increase vulnerability to mental health problems
(Mastorci et al., 2024). Global estimates indicate that approximately one in seven
adolescents aged 10-19 is affected by a mental disorder, most commonly anxiety and
depression (World Health Organization, 2024). Among individuals aged 15-29, suicide
ranks as the third leading cause of death (World Health Organization, 2024). The report
of the Health Behaviour in School-aged Children (HBSC) study (Cosma et al., 2023)
accompanied by other international studies (Daly, 2022; Marquez et al., 2022; Mazur et
al., 2021; Potrebny et al., 2017) indicated a decline in life satisfaction and a rise in
psychosomatic complaints among adolescents in several countries even before the
COVID-19 pandemic. Hungarian HBSC data also demonstrated a rise in psychosomatic
complaints, but contrary to international trends, an increase in life satisfaction between
2006 and 2018 (Véarnai & Nemeth, 2024). The international report also highlighted that
girls and older adolescents reported lower levels of mental well-being, and that socio-

economic disparities were mirrored in mental health outcomes (Cosma et al., 2023).

Adolescents’ sleep quality and duration are also linked to psychological well-being.
Insufficient or disrupted sleep is associated with elevated levels of depression, anxiety,
emotional dysregulation, and behavioral difficulties (Tarokh et al., 2016). Long sleep



onset latency, frequent night awakenings, and delayed bedtimes on school nights have
been shown to predict higher emotional and behavioral risks (Qiu & Morales-Munoz,
2022). Epidemiological research suggests that delaying school start times, thus allowing
adolescents to align sleep schedules more closely with their biological rhythms, yields
improvements in both sleep duration and psychological health outcomes (Berger et al.,
2018).

The COVID-19 pandemic has been reported to have a detrimental impact on adolescents’
mental health (Farrell et al., 2023; Pepe & Farina, 2023; Richard et al., 2023), with
increasing prevalence of stress, anxiety, depressive symptoms, and loneliness (Cochran
et al., 2023; Pepe & Farina, 2023). A review of 156 observational studies found that most
investigations reported a decline in adolescents’ well-being during the pandemic,
although some yielded no change (Zolopa et al., 2022). This review also highlighted a
more negative effect on young women (<25 years) compared to men. The possible
underlying factors were direct impact of the pandemic (loss of control, heightened fear,
insecurity) and indirect impact of social isolation and school closures. While most studies
indicated a deterioration in youth mental health, slight improvement has also been
described particularly in the early stages of the pandemic (Goto et al., 2022). According
to the authors, after major crises, people’s mental health often shows a short-lived
improvement due to a collective sense of solidarity, known as the “honeymoon effect”
(Goto et al., 2022). As for self-esteem, only a limited number of studies investigated it
in context with the COVID-19 pandemic, and the results are heterogeneous (Dominguez-
Martin et al., 2025; Goto et al., 2022; Ozer, 2024).

Despite the large number of studies focusing on the relationship between the pandemic
and adolescents’ mental health, longitudinal evidence, which can differentiate between
pre-pandemic trends and pandemic-related changes, remains scarce. Furthermore,
existing findings, particularly on well-being and self-esteem, are inconsistent. This
highlights the need for longitudinal studies that can clarify these associations to
understand potential long-term psychological consequences and to strengthen

preparedness for future public health emergencies.



1.3 Role of Family

The family is adolescents’ closest interpersonal setting and shapes both health-related
behaviors and psychological outcomes. Prior work identifies several determinants of
screen use, among which family structure seems to be important: youths in single-parent
or reconstituted families tend to report longer screen time than peers in two-parent
households (Langoy et al., 2019). Beyond structure, the style and quality of parent—
adolescent communication also matter for regulating screen time. Autonomy-supportive,
explanatory approaches are typically more effective than controlling strategies in shaping
duration and content (Bjelland et al., 2015). Although problematic behaviors acquired in
adolescence can persist in adulthood, supportive environments within the family, peer
network, and school may interrupt this continuity and promote healthier trajectories
(Frech, 2012).

These familial influences extend to mental health as well. During the COVID-19 period,
it was observed that family togetherness, better family functioning, and higher-quality
relationships buffered adverse effects on adolescents’ well-being (Zolopa et al., 2022).
On the other hand, poorer mental-health outcomes were associated with dysfunctional
parenting, negative familial coping, parental irritability, and parent—child conflicts
(Zolopa et al., 2022). Similar patterns emerged for self-esteem: stronger family
relationships and constructive communication operated as protective factors, whereas
familial conflict and harsh discipline predicted lower self-esteem during the pandemic
(Maruyama et al., 2023).

Several mechanisms may account for these associations. Families define daily routines
(sleep, homework, mealtimes), set and enforce media rules (limits, bedroom devices, co-
use), and model coping strategies (Liga et al., 2020; Nagata et al., 2025; Selman &
Dilworth-Bart, 2024). Warm, autonomy-supportive communication can reduce conflict
around media use, foster adolescents’ self-regulation, and guide them toward more
adaptive activities, whereas chaotic or punitive climates may increase avoidance,
dysregulation, and reliance on screens for mood management (Kroshus-Havril et al.,
2024; Niu et al., 2023).

While existing literature underscores the importance of family-related factors in shaping

adolescents’ screen time and mental health outcomes, much of the evidence is derived



from cross-sectional studies that cannot capture changes over time. Longitudinal
investigations that assess how family structure and communication relate to screen use,
well-being, and self-esteem, particularly in the context of significant societal disruptions

such as the COVID-19 school closures, remain limited.



2 Objectives

The overarching aim of the thesis was to understand the effects of COVID-19-related
school lockdowns on the digital behaviors and psychological well-being of Hungarian
adolescents, with special attention to the role of family structure and family
communication. To do so, we conducted secondary analyses of data collected during a
regional, school-based health education program, the Balassagyarmat Health Education
Program (BEP) (Arva, 2023).

The specific objectives were:

1. To compare changes in overall screen time and its components (watching videos,
playing games, doing homework, social media/communication) among
adolescents affected and unaffected by school lockdowns.

2. To examine longitudinal changes in well-being (WHO-5 Well-being Index) and
self-esteem (Rosenberg Self-Esteem Scale) in adolescents affected and unaffected
by school lockdowns.

3. To analyze whether family structure (two-parent, single-parent, stepfamily) and
the quality of family communication modify the association between school

lockdowns and adolescents’ screen time, well-being, and self-esteem.
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3 Methods

The following methodological description is based on my works published before (Major
et al., 2024; Major et al., 2023).

3.1 Study design

The studies presented in the thesis are secondary analyses of data collected during the
BEP (Arva, 2023). BEP was a school-based near-pear health education program that
operated between 2018-2021 in Balassagyarmat, a small town in Northern Hungary
(Major & Eorsi, 2023). It aimed to improve health literacy, skills and attitudes in the
following topics: sexual health, substance use (tobacco, alcohol, drugs), basic life support,
infection control, nutrition, and physical activity (Eo6rsi et al., 2020). The program did not

address screen time and mental health directly.

The program invited consecutive ninth graders from all five secondary schools (three
grammar schools and two vocational schools) of Balassagyarmat. Students joined the
one-year program in March each year. They completed a baseline survey before the health
education started, and a follow-up survey after it (approximately one year after the

baseline).

For the studies presented in the thesis, only those ninth graders were selected who
completed their baseline survey in 2018 or 2020. Students whose baseline assessment
was conducted in 2018 formed the pre-pandemic group, as they were unaffected by the
COVID-19-related school lockdown. Both their baseline and follow-up surveys were
administered in school during regular class hours, supervised by a research assistant and
completed without teachers present. Data collection took place between February 22,
2018 and March 9, 2018 for the baseline, and between March 20, 2019 and March 27,
2019 for the follow-up survey. Those assessed in 2020 comprised the lockdown group,
as they experienced pandemic-related school closures. Their baseline survey was
conducted with the same circumstances between February 17, 2020 and February 19,
2020 (before the outbreak in Hungary), but the follow-up was completed at home during
lockdown between April 12, 2021 and April 15, 2021. Students were asked to fill out the
questionnaire during designated school hours, and they could consult a research assistant

online if they had questions. We excluded students enrolled in 2019 because their follow-
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up survey was administered during the early, introductory phase of school lockdowns in

Hungary. Figure 1 illustrates the study design.

Study design
2018 2019 2020 2021
Timeline: @ [} & ©

Baseline survey Follow-up survey

v
Cohort 0f 2018-19:

Pre-pandemic group

Baseline survey Follow-up survey
Lockdown group v
Cohort 0f 2020-21:

Figure 1. Study design

During the study, school closures in Hungary spanned from March 16, 2020, to June 2,
2020, and again from November 11, 2020, until the end of the study (April 15, 2021).
According to the Organization for Economic Co-operation and Development (OECD)
report, Hungarian secondary schools were closed for a total of 164 days (excluding
holidays and weekends) between January 1, 2020, and May 20, 2021 (OECD, 2021).

Ethical approval was obtained from the Institutional Review Board of Semmelweis
University (SE TUKEB: 276/2017). Passive parental approval (opt-out) consent was

sought for every participant.

3.2 Participants

All ninth grader students from all five participating schools were invited to take part in
the program. As for the pre-pandemic group, 332 out of 454 eligible students consented
to participate at baseline in February 2018, corresponding to a 0.73 sampling fraction.
The follow-up survey was completed by 234 students (98 students were lost to follow-
up) in March 2019. For the lockdown group, 334 of 446 ninth-grade students participated

12



at baseline, yielding a 0.75 sampling fraction. Baseline data were collected in February
2020 (about one month prior to the onset of school closures in Hungary), and follow-up
surveys were administered in March 2021. In this group, 83 participants were lost to
follow-up. Overaged students (mean age + 3 SD) and those living without a biological or

stepparent were excluded. The flowchart of participants is illustrated in Figure 2.

Pre-pandemic classes Lockdown classes

All 9t grade students

All 9t grade students

(n=454) (n=446)
' ,
Baseline Baseline
(n=332) (n=334)
Lost to follow-up Lost to follow-up
(n=98) (n=83)
Follow-up Follow-up
(n=234) (n=251)
1 participant 6 participants
overaged overaged
»| 6 participants » S participants
living without a living without a
parent parent
Included in analysis Included in analysis
n=227 n=240
Boys: 99 Boys: 122
Girls: 128 Girls: 118

Figure 2. Flowchart of participants. Source: Major et al. (2023)

3.3 The survey

The BEP was accompanied by a comprehensive survey which primarily aimed to monitor
the impact of the program (Arva, 2023). The survey consisted of detailed questions
focusing on demographics, socioeconomic background, family relations, health-related

knowledge, sexual health (attitudes and behaviors), health behaviors, self-reported body
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and weight, body image, attitudes on family planning and marriage, and mental health
(well-being, self-esteem, trait anxiety). The present thesis analyzed only a subset of these

questions described below.
3.4 Outcomes

3.4.1 Screentime

To evaluate screen time, four questions from the Hungarian version of the HBSC study
from 2014 (Currie et al., 2014; Németh & Kolt6, 2016) was adopted: (1) ‘How many
hours a day, in your free time, do you usually spend watching TV, videos (including
YouTube or similar services), DVDs, and other entertainment on a screen?’ (2) ‘How
many hours a day, in your free time, do you usually spend playing games on a computer,
games console, tablet (like iPad), smartphone or other electronic device (not including
moving or fitness games)?’ (3) ‘How many hours a day, in your free time, do you usually
spend using electronic devices such as computers, tablets (like iPad) or smart phones for
other purposes, for example, homework, emailing, tweeting, Facebook, chatting, surfing
the internet?’ (4) ‘How many hours of this do you spend on doing homework?’. Students
were required to express the amount of time spent on each activity as hours and fractions
of an hour. The items resulted in five outcome variables: overall screen time (sum of
Question 1, 2 and 3), screen time for watching videos (Question 1), playing games
(Question 2), doing homework (Question 4), and screen time for other purposes (derived
as the difference between data provided in Questions 3 and 4) representing time spent

mainly on social media activities and communication.

3.4.2 Well-being

Well-being was measured by the validated Hungarian version of the WHO-5 Well-being
Index (WBI) (Susanszky et al., 2006; Topp et al., 2015). This instrument consists of five
Likert scale items, each ranging from O (at no time) to 3 points (all of the time). The items
assess whether the participants (1) ‘have felt cheerful in good spirits’, (2) ‘have felt calm
and relaxed’, (3) ‘have felt active and vigorous’, (4) ‘woke up feeling fresh and rested’
or (5) daily life has been filled with things that interest them in the last 2 weeks. The

maximal score is 15. A higher score indicates better well-being.
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3.4.3 Self-esteem

Self-esteem was measured by the validated Hungarian version of the Rosenberg Self-
esteem Scale (RSES) (Rosenberg, 1965; Sallay et al., 2014). The instrument has 10 items
(five of these with reverse scoring) with 4-point Likert scales (ranging from strongly agree
to strongly disagree). The maximal score is 30. RSS is a unidimensional construct
reflecting global self-esteem. A higher score is associated with higher self-esteem. The
items read (1) ‘On the whole, | am satisfied with myself’; (2) ‘At times, | think I am no
good at all’; (3) ‘I feel that | have a number of good qualities’; (4) ‘1 am able to do things
as well as most other people’; (5) ‘I feel I do not have much to be proud of’; (6) I certainly
feel useless at times’; (7) ‘I feel that I'm a person of worth, at least on an equal plane
with others’; (8) ‘I wish I could have more respect for myself’; (9) ‘All inall, I am inclined

to feel that | am a failure’; (10) ‘I take a positive attitude toward myself’.

3.5 Covariates

Since family plays an important role in children’s development, health behavior (Frech,
2012), well-being (Gecer & Yildirim, 2023; Han, 2023), and self-esteem (Maruyama et

al., 2023), our analyses were adjusted for family structure and family communication.

3.5.1 Family structure

Family structure was determined by the participants’ response to the question with whom
they lived together. Answers were collapsed into three categories: living with both
parents, with one parent, or in a stepfamily (one biological parent and his/her new partner

who lives in the same household).

3.5.2 Family communication

Family communication was assessed by the Hungarian translation of the short version of
the Clear Communication Scale from Family Dynamics Measure Il (FDMII) (Lasky et
al., 1985) as it was used in the 2014 HBSC study (Németh & Kolté, 2016). This
instrument consists of four items, each rated on a five-point Likert scale (from 1 =
strongly disagree to 5 = strongly agree), resulting in a total possible score of 20. Higher
scores reflect more favorable perceptions of communication within the family. The items

assess whether in the family (1) ‘I think the important things are talked about’; (2) “When

15



| speak someone listens to what | say’; (3) ‘We ask questions when we do not understand

each other’; (4) ‘When there is misunderstanding, we talk it over until it’s clear’.

3.6 Statistical analyses

Gender distribution of pre-pandemic and lockdowns groups were tested by chi-squared
test. All further analyses were stratified by gender, since gender differences in screen time
and mental health have been described in the literature. Chi-squared test for categorical
variable family structure and independent samples t-tests for continuous variables (age
and family communication) were used to compare baseline data of pre-pandemic vs.
lockdown classes as well as follow-up data of pre-pandemic vs. lockdown classes,
respectively. Marginal homogeneity tests for the categorical variable family structure and
paired t-tests for continuous variables (age and family communication) were used to

compare baseline vs. follow-up data within pre-pandemic and lockdown groups.

Linear mixed models were built to assess the effect of COVID-19-related school
lockdowns on overall screen time, its individual components (watching videos, playing
games, doing homework, and other purposes), well-being, and self-esteem. Model 1
included group status (pre-pandemic vs. lockdown) as the sole predictor, while Model 2
was adjusted for time-varying family structure and family communication. Both models

included a random slope and a random intercept with an unstructured covariance matrix.

All statistical analyses were performed using IBM SPSS Statistics (version 28.0.0.0. or

29.0.1.0.). Statistical significance was set at 2-tailed p <0.05.

3.6.1 Post hoc analyses

To better understand the change in well-being observed during the pandemic, we
conducted additional analyses by running separate linear mixed models for each
individual item of the WHO-5 WBI, using group status as the sole predictor (Model 1).
These analyses revealed that the only significant difference between the pre-pandemic
and lockdown groups pertained to changes in Item 4 (waking up feeling fresh and rested)
over the follow-up period. Based on this, we hypothesized that adolescents who typically
had difficulty waking up early might have benefited the most from the lockdowns. To
investigate this, we categorized students according to their baseline responses on Item 4:

those with a low score (0 or 1) and those with a high score (2 or 3). We then expanded

16



Model 1 by incorporating this new grouping variable (including the main effect, its
interaction with pandemic status, with follow-up, and a 3-way interaction with pandemic
status and follow-up). This approach allowed us to examine whether these subgroups,
defined by their baseline experiences with waking up, exhibited different trajectories

before and during the pandemic.

Given that RSES has a unidimensional structure (Aluja et al., 2007; Rosenberg, 1965),

we did not perform any post-hoc analysis.
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4 Results

Results are described based on my previous works (Major et al., 2024; Major et al., 2023).

4.1 Descriptive statistics of pre-pandemic and lockdown groups

In total, 234 students from the pre-pandemic group and 251 from the lockdown group
were eligible for inclusion in the analysis. Seven students were excluded due to being
overaged, and an additional 11 students due to living without biological or stepparent. As
a result, the final sample consisted of 467 participants: 227 pre-pandemic controls (128
girls and 99 boys) and 240 lockdown cases (118 girls and 122 boys), as depicted in Figure
2. The proportion of girls and boys did not differ significantly between the pre-pandemic
and lockdown groups (x> = 2.16, df = 1, p = 0.14). Table 1 (Major et al., 2023) presents
the descriptives stratified by gender and group status (pre-pandemic vs. lockdown) at both

timepoints (baseline and follow-up).

Among boys, there were no significant differences in age, family structure, or family
communication between the pre-pandemic and lockdown groups at either time point (all
p-values > 0.05). As for girls, they were 0.22 years older in the lockdown group compared
to the pre-pandemic group. In addition, at baseline, there was a significant difference in
family structure between pre-pandemic and lockdown groups among girls, with the
lockdown group having a greater proportion of stepfamilies. However, by the follow-up
assessment, no significant differences in family structure or family communication were

observed between the groups.

When analyzing changes from baseline to follow-up within groups, we observed a shift
in family structure among pre-pandemic boys, with fewer students living in two-parent
families at follow-up. Additionally, family communication significantly declined over
this period among them. As for girls, the FDMII score showed a significant decline from
baseline to follow-up in both pre-pandemic and lockdown groups.

18



Table 1. Descriptive statistics of pre-pandemic and lockdown groups
(Major et al., 2023)

Pre-pandemic group Lockdown group
baseline follow-up  baseline follow-up
Boys
n 99 122
age, mean+SD 16.08+0.60 - 16.16+0.63 -
family structure, n (%)
two-parent 71 (71.7%)T 66 (66.7%)T 85 (69.7%) 83 (68.0%)
single-parent 17 (17.2%)t 19 (19.2%)T 20 (16.4%) 21 (17.2%)
stepfamily 11 (11.1%)T 14 (14.1%)T 17 (13.9%) 18 (14.8%)

mean+SD

Girls
n 128 118
age, mean+SD 15.92+0.68* - 16.14+0.64* -
family structure, n (%)
two-parent 94 (73.4%)* 92 (71.9%) 78 (66.1%)* 73 (61.9%)
single-parent 25 (19.5%)* 26 (20.3%) 19 (16.1%)* 27 (22.9%)
stepfamily 9 (7.0%)* 10 (7.8%) 21 (17.8%)* 18 (15.3%)

mean+SD

Abbreviation: SD: standard deviation.

* p<0.05 (Baseline data of pre-pandemic vs. lockdown groups and follow-up data of
pre-pandemic vs. lockdown groups were compared with Chi-squared tests for
categorical variables and independent samples t-tests for continuous variables.)

+ p<0.05 (Baseline vs. follow-up data within pre-pandemic vs. lockdown groups
were compared with Marginal Homogeneity tests for categorical variables and
paired samples t-tests for continuous variables.)
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4.2 Changes in screen time

4.2.1 Boys

Model 1 indicated that overall daily screen time was 1.35 (95% confidence interval [CI]:
0.12-2.57) hours higher in the pre-pandemic group than in the lockdown group. However,
this difference was no longer statistically significant after adjusting for family structure
and family communication (mean difference [MD]: 1.17 hours [-0.06-2.40]; 9.06 [95%
Cl: 8.03-10.08] vs. 10.23 [95% CI: 9.35-11.09] hours) (Figure 3; Table 2).
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Screen time (hours)

Baseline Follow-up

Pre-pandemic classes —Lockdown classes

Figure 3. Changes of overall daily screen time of pre-pandemic and lockdown groups for
boys (Major et al., 2023).

20



Table 2. Results of liner mixed models for overall screen time of boys expressed in hours per
day (Major et al., 2023)

Model 1 Model 2}
Estimate (95% CI) p-value Estimate (95% CI) p-value

Intercept 8.46 (7.51 - 9.40) 8.35 (7.34 — 9.36)
Group

Pre-pandemic ref.

Lockdown 1.35(0.12-2.57)* 0.032 1.17 (-0.06 — 2.40) 0.063
Pre-pandemic*Time

Baseline ref. ref.

Follow-up 0.81(-0.32-1.93) 0.158  0.53 (-0.59 — 1.66) 0.349
Lockdown*Time

Baseline ref. ref.

Follow-up 3.27 (2.25-4.29)* <0.001 3.29 (2.29 —4.29)* <0.001
Family structure

Two-parent — — ref.

Single-parent - - 0.66 (-0.69 — 2.01) 0.335

Stepfamily - - 1.45 (-0.02 - 2.92) 0.053

Family communication -0.78 (-1.32 — -0.24)* 0.005

Abbreviation: 95% CI: 95% Confidence Interval
*p<0.05
+Adjusted for time-varying family structure and family communication
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Since the results from Model 1 and Model 2 were similar for the individual components
of screen time, only results from Model 2 are described in detail below. At baseline, pre-
pandemic students spent an average of 0.79 (95% CI: 0.13-1.45) hours more per day
watching videos than lockdown students (3.49 [95% CI: 2.93-4.04] vs. 4.28 [95% CI:
3.80-4.76] hours). The time spent on playing games (3.08 [95% CI: 2.59-3.58] vs. 3.11
[95% CI: 2.68-3.54] hours), doing homework (0.79 [95% CI: 0.53-1.04] vs. 0.91 [95%
Cl: 0.70-1.12] hours), and other activities (controls: 3.00 [95% CI: 2.41-3.59] vs. cases:
3.63 [95% CI: 3.13-4.14] hours) was similar in the two groups (Figure 4; Table 3).

(A) Video (B) Game
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e —
i
Sereen ime (hours)
a = L
—

Sereen time (hours)

1 1
0 0
Baseline Follow-up Baseline Follow-up
—— Pre-pandemic classes —— Lockdown classes —— Prepandemic classes —— Lockdown classes
(&) Homework (D) Other purposes

Screen time (hours)
E =
Screen time (hours)
o+
——
;

0 0
BE?IiHE Follow-up Baseline Follow-up
—— Pre-pandemic classes ——Lockdown classes ——Pre-pandemic classes ——Lockdown classes

Figure 4. Changes of the individual components of screen time of pre-COVID and
COVID classes for boys: daily screen time on watching videos (A), playing games (B),
doing homework (C), and other purposes (D) (Major et al., 2023).
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Table 3. Results of liner mixed models for the individual components of boys’ daily screen time expressed in hours (Major et al., 2023)

Video Game Homework Other purposes
Model 1 Model 2} Model 1 Model 2+ Model 1 Model 2} Model 1 Model 2+
Estimate Estimate Estimate Estimate Estimate Estimate Estimate Estimate
(95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value
Intercept 3.24 3.10 2.69 2.58 0.79 0.77 2.79 271
(2.74-3.75) (2.56 — 3.65) (2.24-3.15) (2.09 -3.06) (0.56 —1.01) (0.52 -1.03) (2.26 —3.33) (2.12-3.30)
Group
Pre-pandemic ref. ref. ref. ref. ref. ref. ref. ref.
Lockdown 0.83 0.015 0.79 0.019 0.12 0.685 0.03 0.931 0.12 0.413 0.12 0.425 0.68 0.055 0.63 0.081
(0.16 - 1.49)* (0.13 - 1.45)* (-0.48-0.72) (-0.57-0.62) (-0.17 - 0.42) (-0.18 - 0.42) (-0.02 - 1.38) (-0.08 - 1.34)
Pre-pandemic*Time
Baseline ref. ref. ref. ref. ref. ref. ref. ref.
Follow-up 0.07 0.811 -0.03 0.930 -0.46 0.066 -0.63 0.012 0.05 0.827 0.05 0.800 1.18 0.007 1.11 0.012
(-0.52 - 0.67) (-0.63 - 0.58) (-0.95-0.03) (-1.12 - -0.14)* (-0.36 — 0.45) (-0.36 — 0.47) (0.33 - 2.04)* (0.25-1.97)*
Lockdown*Time
Baseline ref. ref. ref. ref. ref. ref. ref. ref.
Follow-up 1.59 <0.001 1.56 <0.001 1.47 <0.001 1.44 <0.001 1.37 <0.001 1.38 <0.001 2.25 <0.001 2.24 <0.001
(1.07 -2.10) (1.05-2.08)* (1.05-1.89)* (1.02-1.85)* (1.02 -1.73)* (1.02 -1.73)* (1.50 - 3.00)* (1.49 - 2.99)*
Family structure
two-parent - - ref. - - ref. - - ref. - - ref.
single-parent - - 0.94 0.015 - - 0.78 0.025 - - 0.13 0479 - - 0.52 0.197
(0.18 - 1.70)* (0.10-1.46)* (-0.22 - 0.48) (-0.27 - 1.30)
stepfamily - - 0.22 0.608 - - 0.75 0.057 - - -0.09 0.635 - - 0.37 0.404
(-0.63-1.07) (-0.02 - 1.52) (-0.47 - 0.29) (-0.50 - 1.24)
Family communication— - -0.32 0.040 - - -0.41 0.002 - - 0.10 0.223 - - -0.07 0.722
(-0.62 — -0.02)* (-0.66 —-0.15)* (-0.06 — 0.26) (-0.42 - 0.29)

Abbreviation: 95% CI: 95% Confidence Interval
*p<0.05

TAdjusted for family structure and family communication



In the pre-pandemic group, there was no significant change in overall daily screen time
with increasing age (9.06 [95% CI: 8.03—10.08] vs. 9.59 [95% CI: 8.55-10.63] hours)
(Figure 3). However, the distribution of time spent on different screen-related activities
shifted. Time spent watching videos remained largely unchanged (3.49 [95% CI: 2.93—
4.04] vs. 3.46 [95% CI: 2.81-4.11] hours), while time spent on playing games decreased
by 0.63 (95% CI: -1.12 —-0.14) hours (3.08 [95% CI: 2.59-3.59] vs. 2.45 [95% CI: 1.87—
3.04] hours). Time dedicated to homework was stable (0.79 [95% CI: 0.53-1.04] vs. 0.84
[95% CI: 0.46-1.22] hours), whereas screen time for other purposes showed a 1.11 (95%
Cl: 0.25-1.97) hour increase (3.00 [95% CI: 2.41-3.59] vs. 4.11 [95% CI: 3.36-4.87]
hours) (Figure 4; Table 3).

In the lockdown group overall daily screen time increased by 3.29 (95% CI: 2.29-4.29)
hours (10.23 [95% CI: 9.35-11.09] vs. 13.51 [95% CI: 12.49-14.53] hours) during the
follow-up period (Figure 3; Table 2). This was attributed to an increase in all individual
components. Time spent watching videos increased by 1.56 (95% CI: 1.05-2.08) hours
(4.28 [95% CI: 3.80-4.76] vs. 5.84 [95% CI: 5.25-6.44] hours). Unlike the pre-pandemic
students, the lockdown group increased screen time spent on playing games by 1.44 (95%
Cl: 1.02-1.85) hours (3.11 [95% CI: 2.68-3.54] vs. 4.55 [95% CI: 4.01-5.09] hours).
Furthermore, they showed a 1.38 (95% CI: 1.02-1.73) hour increase in time spent on
homework (0.91 [95% CI: 0.70-1.12] vs. 2.29 [95% CI: 1.94-2.62] hours), and a 2.24
(95% CI: 1.49-2.99) hour increase on other purposes (3.63 [95% CI: 3.13-4.14] vs. 5.87
[95% CI: 5.18-6.56] hours) (Figure 4; Table 3).

Additionally, our results showed that boys residing in single-parent households spent
more time watching videos and playing games. We also observed that boys with higher
family communication scores had less total daily screen time, as well as less time spent

on watching videos and playing games (Table 2; Table 3).



4.2.2 Girls

Results from Model 1 and Model 2 were consistent for girls, so only results from Model
2 are described in detail below. Based on Model 2, girls in the lockdown group had a 1.53
(95% CI: 0.44-2.62) hour higher baseline for overall daily screen time than the pre-
pandemic group (8.50 [95% CI: 7.62-9.38] vs. 10.03 [95% CI: 9.19-10.87] hours)
(Figure 5; Table 4).
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Figure 5. Changes of overall screen time of pre-pandemic and lockdown groups for girls
(Major et al. 2023).
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Table 4. Results of liner mixed models for overall screen time of girls expressed in hours per
day (Major et al., 2023)

Model 1 Model 2}
Estimate (95% CI) p-value Estimate (95% CI) p-value

Intercept 8.31 (7.55-9.07) 8.18 (7.37 — 8.99)
Group

Pre-pandemic ref. ref.

Lockdown 1.52 (0.43-2.60)* 0.007 1.53(0.44-2.62)* 0.006
Pre-pandemic*Time

Baseline ref. ref.

Follow-up 0.20 (-0.63-1.05) 0.646  -0.02(-0.88-0.84)  0.969
Lockdown*Time

Group ref. ref.

Pre-pandemic 2.47 (1.57-3.38)* <0.001 2.27(1.37-3.18)* <0.001
Family structure

two-parent — - ref.

single-parent - - 1.16 (0.02 — 2.31)* 0.046

stepfamily - - -0.19 (-1.68 —-1.30)  0.804

Family communication

-0.64 (-1.11 — -0.16)* 0.009

Abbreviation: 95% CI. 95% Confidence Interval
*p<0.05
+Adjusted for time-varying family structure and family communication
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Looking at the individual components, girls in lockdown spent 0.62 (95% CI: 0.06-1.17)
hours more screen time on watching videos than the pre-pandemic group (3.51 [95% CI:
3.05-3.96] vs. 4.13 [95% CI: 3.69-4.55] hours). No significant differences were observed
between groups in time spent playing games (1.51 [95% CI: 1.10-1.93] vs. 1.79 [95% CI:
1.40-2.19] hours) or doing homework (1.08 [95% CI: 0.92-1.24] vs. 1.03 [95% CI: 0.88—
1.17] hours). However, girls in the lockdown group also had higher screen time for other
purposes by 1.28 hours (95% CI: 0.57-2.00; 3.71 [95% CI: 3.14-4.29] vs. 4.99 [95% CI.
4.45-5.54] hours) (Figure 6; Table 5).
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Figure 6. Changes of the individual components of screen time of pre-COVID and
COVID classes for girls: daily screen time on watching videos (A), playing games (B),
doing homework (C), and other purposes (D) (Major et al., 2023).
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Table 5. Results of liner mixed models for the individual components of girls’ daily screen time expressed in hours (Major et al., 2023)

Video Game Homework Other purposes
Model 1 Model 2} Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Estimate Estimate Estimate Estimate Estimate Estimate Estimate Estimate
(95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% CI) p-value (95% ClI) p-value (95% CI) p-value
Intercept 3.38 3.35 154 1.63 1.05 1.04 3.48 3.25
(2.99-3.76) (2.93-3.76) (1.18 - 1.90) (1.25-2.02) (0.92-1.18) (0.90-1.19) (2.97 - 3.99) (2.72-3.78)
Group
pre-COVID ref. ref. ref. ref. ref. ref. ref. ref.
CovID 0.65 0.021 0.62 0.030 0.31 0.231 0.28 0.288 -0.04 0.633 -0.05 0593 1.27 <0.001 1.28 <0.001
(0.10 - 1.20)* (0.06 - 1.17)* (-0.20 - 0.82) (-0.24 - 0.80) (-0.23-0.14) (-0.25-0.14) (0.54 - 2.00)* (0.57 - 2.00)*
pre-COVID*Time
Baseline ref. ref. ref. ref. ref. ref. ref. ref.
Follow-up 0.05 0.860 -0.06 0.834 -0.31 0.183 -0.37 0.110 -0.06 0.651 -0.06 0.677 0.52 0.090 0.47 0.135
(-0.46 — 0.56) (-0.58 — 0.46) (-0.76 — 0.15) (-0.82 - 0.08) (-0.33-0.21) (-0.36 - 0.23) (-0.08 - 1.13) (-0.15 - 1.08)
COVID*Time
Baseline ref. ref. ref. ref. ref. ref. ref. ref.
Follow-up 1.73 <0.001 1.66 <0.001 -0.03 0.889 -0.04 0.862 2.10 <0.001 2.10 <0.001 1.59 <0.001 1.49 <0.001
(1.20 - 2.26)* (1.13-2.19)* (-0.49-0.43) (-0.50-0.42) (1.82 - 2.38)* (1.80 - 2.40)* (0.97 - 2.21)* (0.87 -2.12)*
Family structure
two-parent - - ref. - - ref. - - ref. - - ref.
single-parent - - 0.33 0310 - - -0.23 0399 - - 0.02 0.842 - - 0.92 0.017
(-0.31-0.97) (-0.77 -0.31) (-0.21 - 0.26) (0.16 - 1.67)*
stepfamily - - 0.14 0.729 - - -0.12 0.720 - - 0.08 0.589 - - 0.47 0.338
(-0.67 — 0.96) (-0.81-0.56) (-0.21-0.37) (-0.49 - 1.42)
Family communication— - -0.27 0.059 - - -0.12 0.320 - - 0.01 0972 - - -0.29 0.080
(-0.55 - 0.01) (-0.35-0.11) (-0.11-0.12) (-0.61 - -0.03)
Abbreviation: 95% CI: 95% Confidence Interval; COVID: Coronavirus Disease 2019

*p<0.05
TAdjusted for family structure and family communication



Over the follow-up period, overall daily screen time among pre-pandemic girls remained
unchanged (8.50 [95% CI. 7.62-9.38] vs. 8.47 [95% CI: 7.56-9.41] hours) (Table 2;
Figure 2). In contrast to boys, there were no significant age-related changes in any specific
component of screen time for pre-pandemic girls. On average, they spent 3.45 (95% CI:
2.85-4.04) hours watching videos, 1.14 (95% CI: 0.70-1.59) hours playing games, 1.02
(95% CI: 0.71-1.32) hours on homework, and 4.18 (95% CI: 3.56—4.80) hours on other

screen-based activities (Figure 6; Table 5).

On the other hand, lockdown girls experienced a 2.27-hour (95% CI: 1.37-3.18) increase
in their overall daily screen time during follow-up (10.03 [95% CI: 9.19-10.87] vs. 12.30
[95% CI: 11.35-13.25] hours) (Figure 5; Table 4). Breaking down the components, screen
time spent watching videos rose by 1.66 (95% CI: 1.13-2.19) hours (4.13 [95% CI: 3.69—
4.55] vs. 5.79 [95% CI: 5.18-6.37] hours), while time spent playing games remained
unchanged (1.80 [95% CI: 1.40-2.19] vs. 1.76 [95% CI: 1.32-2.19] hours). Screen time
dedicated to homework increased by 2.10 (95% CI: 1.80-2.40) hours (1.03 [95% CI:
0.88-1.17] to 3.13 [95% CI: 2.81-3.43] hours), and screen time for other activities rose
by 1.49 (95% CI: 0.87-2.12) hours (4.99 [95% CI: 4.45-5.54] to 6.48 [95% CI: 5.87—
7.10] hours) (Figure 6; Table 5).

Girls living in a single-parent household had a higher overall daily screen time and screen
time spent on social media. We also observed that girls with higher scores on family
communication had less overall screen time, though no significant associations were
observed between family communication and the separate components of screen use
(Table 4; Table 5).



4.3 Changes in the WHO-5 Well-Being Index

4.3.1 Boys

Based on the unadjusted model (Model 1), baseline WHO-5 well-being scores were
similar among pre-pandemic and lockdown boys. Over the follow-up period, well-being
scores in the pre-pandemic group declined by 1.05 points (95% CI: —1.72 to —0.38). In
contrast, the decline was significantly less pronounced in the lockdown group, resulting
in a non-significant but positive point estimate of change (Figure 7; Table 6). Adjusting
for family structure and family communication in Model 2 did not substantially alter these
findings. Additionally, higher scores on family communication were significantly
associated with better well-being among boys (Table 6).

4.3.2 Girls

Overall, girls had lower WHO-5 well-being scores than boys. The general pattern of
change for girls in Model 1 mirrored that of boys: both the pre-pandemic and lockdown
groups had similar baseline scores, but the pre-pandemic group experienced a significant
decline over time (MD: 0.71, 95% CI: —1.31 to —0.11), while the lockdown group had a
significantly different trajectory, showing a non-significant improvement (Figure 7; Table
6). After adjusting for time-varying family structure and family communication (Model
2), the decline in the pre-pandemic group was greatly reduced and became non-
significant; however, the difference in change between the two groups persisted, resulting
in an actual improvement in well-being among girls in the lockdown group (MD: 0.64,
95% CI: 0.01 to 1.72). Living in a single-parent household was linked to lower well-being
scores (—0.77, 95% CI: —1.52 to —0.01). As with boys, family communication was

positively associated with well-being among girls, with a similar effect size (Table 6).
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Figure 7. Estimated marginal means (Model 1) of boys’ (A) and girls’ (B) WHO-5 well-
being index score of pre-pandemic and lockdown classes from baseline to follow-up

(Major et al. 2024).
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Table 6. Results of linear mixed models for WHO well-being score (Major et al., 2024)

Model 1 Model 2}
Estimate (95% CI) p-value Estimate (95% CI) p-value
Boys
Intercept 9.13 (8.54109.72) 9.04 (8.42 t0 9.66)
Group

Pre-pandemic ref. ref.

Lockdown -0.33(-1.10t0 0.45)  0.408 -0.20 (-0.96t0 0.55) 0.594
Time -1.05(-1.72t0 -0.38)* 0.002 -0.82 (-1.49to0 -0.14)* 0.018
Group*Time

Pre-pandemic ref. ref.

Lockdown 1.24 (0.35 to0 2.12) 0.006  1.05(0.17 to 1.93) 0.020
Family structure

two-parent — — ref.

single-parent - — 0.03 (-0.81 to 0.86) 0.952

stepfamily - - -0.53(-1.46t0 0.41)  0.269
Family
communication — — 0.82 (0.49to 1.16)* <0.001

Girls
Intercept 7.71 (7.14 to 8.28) 7.66 (7.08 to 8.24)
Group

Pre-pandemic ref. ref.

Lockdown -0.62 (-1.44t00.20) 0.139 -0.61(-141t00.18) 0.131
Time -0.71 (-1.31t0 -0.11)* 0.022 -0.38(-1.01t0 0.24) 0.225
Group*Time

pre-pandemic ref. ref.

lockdown 1.14 (0.28 to 2.01) 0.010 1.03(0.15t0 1.90) 0.022
Family structure

two-parent — — ref.

single-parent - - -0.77 (-1.52 to -0.01)* 0.047

stepfamily - — 0.68 (-0.29 to 1.64) 0.167
Family
communication — — 0.89 (0.58t0 1.21)*  <0.001

Abbreviation: 95% CI: 95% Confidence Interval

*p<0.05

tAdjusted for time-varying family structure and family communication
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4.3.3 Changes in the individual items of the WHO-5 well-being index during follow-up

Upon observing an improvement in well-being during the pandemic, we decided to
explore the underlying cause by conducting separate analyses for each item of the WHO-
5 WBI. We ran linear mixed models with group status as the sole predictor. In these post
hoc item-level analyses, lockdown boys had slightly higher baseline scores (MD: 0.32
[95% CI: 0.09 to 0.54]) for Item 1 (feeling cheerful and in good spirits) and Item 3 (feeling
active and vigorous; MD: 0.27 [95% CI: 0.03 to 0.50]) compared to the pre-pandemic
group. The pre-pandemic boys’ group did not show any significant change in the items
over the follow-up period. However, we experienced an increase in score on Item 4
(waking up feeling fresh and rested) in the lockdown group. There were no changes over
time for Items 1, 2 (feeling calm and relaxed), 3, and 5 (daily life being filled with

interesting things) (Table 7).

For girls, the only baseline difference was observed for Item 4, with those in the lockdown
group reporting a lower score (MD: —0.31, 95% CI: —0.53 to —0.10). Over the follow-up
period, pre-pandemic girls showed a decline in their Item 4 score, whereas, similar to the
boys, girls in the lockdown group experienced an increase in this item, with an effect size

comparable to that seen in boys (Table 7).
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Table 7. Results of linear mixed models for WHO-5 WBI items (Major et al., 2024)

Item 1 Item 2 Item 3 Item 4 Item 5
Estimate (95% CI)  p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI)  p-value
Boys
Intercept 1.89 (1.72 to 2.06) 1.66 (1.49 to 1.83) 1.68 (1.50 to 1.85) 1.15(0.96 to 1.34) 1.57 (1.39 to 1.74)
Group

Pre-pandemic ref. ref. ref. ref. ref.

Lockdown 0.32 (0.09 to 0.54)* 0.006 0.18 (-0.05t0 0.41) 0.131 0.27 (0.03 to 0.50)* 0.028 -0.09 (-0.33t0 0.16)  0.505 0.19 (-0.05t0 0.42) 0.119
Time 0.15(-0.05t0 0.35) 0.141 0.00(-0.21t00.21) 0.985 0.15(-0.06t00.36) 0.157 -0.17(-0.39t0 0.05) 0.135 0.01(-0.21t0 0.22) 0.937
Group*Time

Pre-pandemic ref. ref. ref. ref. ref.

Lockdown -0.18 (-0.45t0 0.10) 0.203 0.08 (-0.20t0 0.36) 0.555 -0.18(-0.461t00.11) 0.220 0.42(0.12t00.72)*  0.007 -0.10(-0.391t0 0.19) 0.498

Girls
Intercept 1.76 (1.62 to 1.89) 1.42 (1.28 to 1.56) 1.62 (1.47 t0 1.77) 1.09 (0.95 to 1.24) 1.53 (1.38 to 1.69)
Group

Pre-pandemic ref. ref. ref. ref. ref.

Lockdown 0.18 (-0.01t0 0.38) 0.067 -0.04 (-0.24t00.17) 0.723 0.03 (-0.19t00.25) 0.790 -0.31 (-0.53 t0 -0.10)* 0.004 -0.19 (-0.41t0 0.03) 0.089
Time 0.16 (-0.01t0 0.33) 0.053 -0.06 (-0.25t0 0.13) 0.546 -0.14(-0.32t0 0.04) 0.136  -0.28 (-0.45t0-0.12)* 0.001 -0.11(-0.29t0 0.07) 0.225
Group*Time

Pre-pandemic ref. ref. ref. ref. ref.

Lockdown -0.07 (-0.31t00.17) 0561 0.17(-0.11t00.44) 0.227 0.15(-0.12t00.41) 0.272 0.41 (0.17t00.65)*  <0.001 0.20 (-0.05t0 0.46) 0.120

Abbreviation: 95% CI: 95% Confidence Interval, WBI: WHO-5 Well-Being Index

*p<0.05

TSum of Items 1, 2, 3, and 5 from WHO WBI



4.3.4 Changes in the WHO-5 well-being score in subgroups based on baseline Item 4

score

As the only significant difference between the pre-pandemic and lockdown groups was
observed in the change in Item 4 (waking up feeling fresh and rested), our hypothesis was
that adolescents who typically had difficulty waking up early might have benefited the
most from the lockdown period. To examine this, changes in the WHO-5 well-being score
were compared among subgroups defined by their baseline score on Item 4. Among boys
who reported waking up feeling fresh and rested (Item 4 score > 2), the decline in WHO-
5 WBI scores was similar in both the pre-pandemic and lockdown groups (MD of
changes: 0.33 [95% CI: —1.10 to 1.77]). On the other hand, boys with lower baseline ltem
4 scores exhibited divergent patterns: the pre-pandemic group experienced a decrease in
total WHO-5 WBI score, while the lockdown group showed an improvement (MD of
changes: 1.20 [95% CI: 0.15 to 2.25]) (Figure 8).

The patterns seen in girls mirrored those found in boys. Among girls who reported waking
up feeling fresh and rested (Item 4 score>2), the decline in WHO-5 WBI scores was
similar in both the pre-pandemic and lockdown groups (MD of changes: —0.31 [95% CI:
—2.02 to 1.41]). However, for girls with lower baseline scores on Item 4, the two groups
diverged: the pre-pandemic group experienced a decrease in overall WHO-5 WBI scores,
whereas the lockdown group saw an improvement (MD of changes: 1.20 [95% CI: 0.23
to 2.17]) (Figure 8).
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Figure 8. Estimated marginal means (Model 1) of boys’ (Panel A) and girls’ (Panel B)
WHO-5 well-being index score by subgroups based on WHO-5 Item 4 (Major et al.
2024).

36



4.4 Changes in the Rosenberg Self-esteem Scale

441 Boys

Boys in the pre-pandemic and lockdown groups had similar average scores on the
Rosenberg Self-esteem Scale, with no significant changes observed over the one-year
follow-up in the unadjusted model (Model 1). Adjusting for family structure and family
communication (Model 2) produced similar findings. Additionally, Model 2 indicated that
boys living in stepfamilies had a 2.26 (95%CI: 0.35 to 4.16) points lower self-esteem
scores, while higher levels of family communication were significantly linked to higher

self-esteem (Figure 9; Table 8).

4.4.2 Girls

Girls scored lower on the Rosenberg self-esteem scale than boys. At baseline, there were
no significant differences in self-esteem between the pre-pandemic and lockdown groups
in either the unadjusted or adjusted models. During the one-year follow-up, self-esteem
scores in the pre-pandemic group remained stable, whereas the lockdown group showed
a significant increase over time, also confirmed in Model 2. Additionally, higher family
communication was linked to greater self-esteem among girls, while family structure did

not show any association with self-esteem (Figure 9; Table 8).

37



e
=]

Boys Girls

[ ]
(%
|
]
w

r
(¥
L
(]
[

[
—_
L
[¥]
—

P ©
320 | 820
g g

¥ L
219 219 |
L) ]

& o

g 2
218 218 |
2 5

2 £
217 - 817
=] [=]

& &

—
=)}
L
—_
(=)}

—
i
L
—
[

,_.
=
—
=

Baseline Follow-up Baseline Follow-up

——Pre-pandemic classes ~=——Lockdown classes —Pre-pandemic classes —Lockdown classes
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follow-up (Major et al. 2024).
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Table 8. Results of linear mixed models for score on Rosenberg self-esteem scale
(Major et al., 2024)

Model 1 Model 2}
Estimate (95% CI) \F;alue Estimate (95% CI)  value
Boys
21.16 (19.92 to 21.09 (19.71 to
Intercept 22.40) 0.284 22.46)
Group

Pre-pandemic ref. ref.

Lockdown -0.89 (-2.54t0 0.75) 0.284 -0.42(-2.11t01.27) 0.627
Time -0.99 (-2.13t0 0.16) 0.092 -0.33(-1.50t00.85) 0.582
Group*Time

Pre-pandemic ref. ref.

Lockdown 1.45 (-0.06 t0 2.96) 0.060 0.87 (-0.62t0 2.36) 0.249
Family structure

two-parent - - ref.

single-parent - — -0.86 (-2.55t0 0.83) 0.318

stepfamily - - -2.26 (-4.16 to -0.35) 0.020
Family communication — — 1.15(0.55t01.75) <0.001

Girls
16.72 (15.57 to 16.74 (15.55 to
Intercept 17.87) 17.92)
Group

Pre-pandemic ref. ref.

Lockdown -1.03 (-2.63t0 0.57) 0.205 -0.88 (-2.441t00.68) 0.269
Time -0.23 (-1.30t0 0.83) 0.666 0.31(-0.79t0 1.40) 0.584
Group*Time

Pre-pandemic ref. ref.

Lockdown 1.89(0.42t03.35) 0.012 1.65(0.17t03.13) 0.029
Family structure

two-parent — — ref.

single-parent - - -0.99 (-2.57 t0 0.60) 0.223

stepfamily - - -0.56 (-2.57 to 1.45) 0.583
Family communication — — 1.61 (1.00t0 2.22)  <0.001

Abbreviation: 95% CI: 95% Confidence Interval
*p<0.05
tAdjusted for time-varying family structure and family communication
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5 Discussion

The aim of the thesis was to explore how COVID-19-related school lockdowns influenced
adolescents’ screen time habits, well-being, and self-esteem in Hungary, with a special
focus on the role of family structure and family communication. Our results are based on

secondary analyses of longitudinal data collected during the BEP.
5.1. Brief summary of results

The baseline overall screen time of our sample averaged about 9-10 hours per day. Among
both groups of boys, watching videos accounted for the largest portion of screen time at
baseline. In the absence of lockdown, as boys aged, their screen time for playing games
decreased, while screen time spent on other activities increased, resulting in stable overall
screen time. For girls, the greatest amount of screen time at baseline was dedicated to
other activities (primarily social media and communication) and aging had no significant
impact on their total screen time or its distribution. Our findings indicate that the COVID-
19 pandemic disrupted these age-related patterns. During the pandemic, boys showed
increases in overall screen time and its individual components, with the most notable rise
in screen time spent on other activities. Girls affected by lockdown also increased overall
screen time and across all specific activities except for playing games, which remained

unchanged.

Regarding family factors, boys living with a single parent spent more time watching
videos and playing games, while for girls, single-parent households were associated with
greater overall screen time and increased use of social media. Higher levels of family
communication were linked to reduced screen time for watching videos and playing
games among boys, and to lower overall screen time among girls. However, these family-
related variables did not significantly alter the main patterns or the magnitude of the

observed associations.

Our findings indicate that typical, pre-pandemic circumstances were associated with a
decline in adolescents’ well-being over the course of a year. This decline was much less
pronounced, and even showed slight improvement, during the COVID-19 pandemic. The
difference in well-being changes between the pre-pandemic and lockdown cohorts
remained significant even after adjusting for family structure and family communication.

Upon exploring the underlying reasons, we observed that four out of five items changed
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similarly across both cohorts, but Item 4 (waking up feeling fresh and rested) displayed a
notable difference between groups during follow-up. We therefore tested whether there
was an interaction between baseline scores on Item 4 and lockdown exposure over time.
This analysis revealed that the overall well-being score decreased over time in adolescents
with high baseline Item 4 scores, regardless of gender or lockdown status. In contrast, for
those with low baseline Item 4 scores, well-being remained stable among those not
affected by the pandemic but improved significantly among those who experienced

lockdowns.

Regarding self-esteem, there were no substantial differences over time among boys in the
two cohorts. However, girls who experienced the pandemic-related lockdown showed a
significant increase in self-esteem compared to those in the pre-pandemic group. These
findings were not notably influenced by adjustment for family structure and family

communication.

Finally, our results consistently demonstrated that higher levels of family communication

were associated with greater well-being and self-esteem in both boys and girls.

5.1 Adolescents’ screen time trends and patterns before and during the pandemic

Before the COVID-19 pandemic, global estimates indicated that children and adolescents
spent approximately 2.7 hours per day engaged with screens (Madigan et al., 2022).
During the pandemic studies reported 0.9-1.8 hours/day increase (Madigan et al., 2022;
Trott et al., 2022), which is lower than in our sample (3.3 hours/day for boys and 2.3
hours/day for girls). Although adolescents’ screen time generally increases with age
(Bucksch et al., 2016; Marconcin et al., 2021), this trend was not observed in our pre-
pandemic group representing ordinary circumstances. It is important to highlight,
however, that our study examined changes in screen time over a relatively brief period.
Nevertheless, our results support earlier longitudinal studies reporting a significantly
greater rise in screen time during the pandemic compared to periods without such
restrictions (McArthur et al., 2021; Plamondon et al., 2023).

Additionally, we expand upon previous research by analyzing the changes of specific

components and activities within overall screen time. This is highly important, since the
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different types of screen time-associated activities might have different influences on
adolescents. In our research, boys spent more time playing games, whereas girls spent
more time on other screen-based activities, predominantly involving social media and
communication. These findings align with previous studies (Moore et al., 2020; Ng et al.,
2021; Vezina-Imet al., 2022). In addition, boys and girls may be affected differently even
by the same type of screen activity. For instance, girls are more susceptible than boys to
developing mental health issues such as depression, anxiety, loneliness, and physical
complaints like headaches and stomachaches resulting from social media usage (Boers et
al., 2019; Svensson et al., 2022). Furthermore, social media has been linked to lower
overall well-being and a higher likelihood of negative body image among girls
(Papageorgiou et al., 2022; Svensson et al., 2022). It has also been proposed that the
threshold for mental health risks related to daily screen time differs between genders:
approximately two hours for girls versus five hours for boys (Twenge & Farley, 2021).
This disparity might be explained by girls’ greater sensitivity toward social comparisons,
feedback, peer acceptance, and maintaining close relationships (LaFontana & Cillessen,
2010; Nesi & Prinstein, 2015; Skymba et al., 2022).

Contrary to girls, boys were more engaged with playing games, which has been associated
with negative outcomes, such as depressive symptoms and reduced life satisfaction (Dong
et al., 2018; Twenge & Farley, 2021). These adverse effects typically become prominent
following excessive gaming (Twenge & Farley, 2021). A previous study demonstrated
that anxiety-like symptoms emerged after six or more hours of gaming per day,
specifically among boys but not girls (Chen et al., 2022), reinforcing that adolescents of
different gender respond differently to various forms of screen time. This idea is further
supported by findings indicating greater neural activation in regions like the medial
frontal gyrus, bilateral middle temporal gyri, and thalamus among men compared to
women after gaming sessions (Dong et al., 2018). Such neurological differences may
explain why males experience stronger cravings related to gaming and have a higher risk
of gaming disorders (Dong et al., 2018). Furthermore, a study examining male internet
gamers and their motivations (entertainment, social interaction, stress relief, or habitual
gaming) found that motivations also play a role in the risk of developing problematic
behaviors, namely habitual gamers are at increased risk (Kim et al., 2020).
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5.2 Changes in adolescents’ well-being associated with school lockdown

Our findings showed that adolescents in the pre-pandemic group experienced a decline in
well-being over one year, which aligns with recent findings from the WHO’s HBSC
Study (Cosma et al., 2023). Unexpectedly, we did not observed this decline in adolescents
who experienced pandemic-related lockdowns, despite numerous studies indicating
negative mental health outcomes associated with school closures (Chadi et al., 2022;
Mazrekaj & De Witte, 2023; Orban et al., 2023; Singh et al., 2020). Our post-hoc analyses
revealed that four of the five WHO-5 WBI items changed similarly before and during the
pandemic. The notable exception was Item 4, which evaluates feelings of restfulness upon
waking: scores on this item decreased significantly less during the pandemic. Based on
this observation, we propose that the unexpected stability in overall well-being observed
during lockdown might be due to the fact that adolescents (particularly those reporting
low baseline score on Item 4) benefited from increased sleep duration and/or later wake-
up times during remote learning, since they did not have to commute to school early in
the morning (Lukoseviciute & Smigelskas, 2022; Widnall et al., 2022). This
interpretation is supported by a recent Austrian study, which also documented improved
WHO-5 WBI scores during periods of remote education compared to times when schools
reopened, although they did not investigate potential reasons for this finding (Dale et al.,
2023). Additionally, qualitative research among Scottish adolescents has indicated
positive impacts on mental health and well-being linked to school closures, citing reduced

academic stress and workload as contributing factors (Stewart et al., 2023).

The connection between sleep and adolescent mental health is well documented. A recent
meta-analysis of longitudinal studies found that better sleep is prospectively associated
with improved psychological well-being in adolescents (Bacaro et al., 2024). Another
review concluded that sleep disorders and circadian disruption are predictive of
depression and anxiety over time (Chai & Bian, 2024). During the COVID-19 pandemic,
adolescents’ sleep patterns shifted: many reported longer sleep duration and delayed
schedules during lockdowns (Rocha & Fuligni, 2023), and one large Swiss study found
that sleep gains during school closures were positively associated with better quality of
life (Albrecht et al., 2022). These findings support the hypothesis that, under remote
schooling, extended sleep opportunity and reduced morning burden may have mitigated

the declines in mental health that would otherwise have been expected.
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5.3 Changes in adolescents’ self-esteem during the pandemic

Self-esteem levels remained generally unchanged among adolescents in our pre-
pandemic group, which is consistent with age-related trends based on previous findings
(Huang, 2010; Orth et al., 2018). Interestingly, we observed an improvement in self-
esteem among girls during the pandemic. Slight increase was also observed among
adolescents by Goto et al., however a different assessment tool was used in serial cross-
sectional data, instead of a longitudinal study design (Goto et al., 2022). Moreover, the
current body of research on the impact of COVID-19-related school closures on self-
esteem is limited. Self-esteem, defined as an individual’s subjective evaluation of their
own worth (Rosenberg, 1965), is shaped by multiple factors, including school
expectations and academic achievement (Kiviruusu et al., 2015; Lepp et al., 2021;
Metsépelto et al.,, 2020). Given that girls are often more sensitive to academic
achievement (Stentiford et al., 2023), the reduced pressure and performance demands
associated with remote learning may explain the observed increase in their self-esteem

during the pandemic.

5.4 Role of family structure and family communication

Our findings highlight the significant influence of both family structure and the quality
of family communication on adolescents’ screen time activities, psychological well-
being, and self-esteem. In terms of screen use, boys living in single-parent households
reported spending more time watching videos and playing games, while girls in similar
family settings showed higher engagement with social media. These observations are
consistent with previous research, which suggests that adolescents in single-parent
families are more likely to exhibit unfavorable lifestyle behaviors, including lower
physical activity, reduced sports participation, and increased screen time (Gorely et al.,
2009; Langoy et al., 2019). One plausible explanation is that single parents may have
limited time and fewer resources to monitor and regulate screen time or to provide

alternative extracurricular opportunities (Langoy et al., 2019).

However, our results also suggest that strong family communication may act as a
protective factor. For example, in boys, better family communication was associated with

reduced screen time, particularly in activities such as gaming and video watching. This
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supports previous findings that an autonomy-supportive communication style
(characterized by offering choices, providing rationale, and respecting the adolescent’s
perspective) is more effective in promoting positive behavioral outcomes than a
controlling style, which imposes rules without room for dialogue (Bjelland et al., 2015).
These findings underscore the importance of communication quality and style in shaping
adolescent screen use patterns.

Beyond behavioral outcomes, our study also found that family communication played a
consistent role in adolescents’ psychological well-being and self-esteem. Higher levels of
family communication were associated with better mental health outcomes in both boys
and girls, aligning with existing literature (Birndorf et al., 2005; KavehFarsani et al.,
2020). Strong family communication is known to mediate the relationship between family
resilience and overall family functioning (Sabah et al., 2023), and it has also been linked
to lower distress and improved mental health in adolescents (Zapf et al., 2023). Our data
suggest that adolescents with strong family communication skills experienced better well-
being and self-esteem, regardless of the external challenges, like the COVID-19
pandemic. One possible explanation is that high-quality communication may include
elements of "approach coaching" defined as behavioral, emotional, or cognitive actions
aimed at addressing and managing stressors (Dubow & Rubinlicht, 2011). In contrast to
avoidant strategies, approach-oriented responses, such as problem-solving and
information seeking, may enhance adolescents' ability to cope with crisis situations like
the COVID-19 pandemic (Gecer & Yildirim, 2023).

Together, these findings underscore the role of family-related factors: while family
structure can shape adolescents’ vulnerability to risk behaviors such as excessive screen
use, the quality of communication within the family appears to offer a powerful buffer
that supports healthier behaviors and better psychological outcomes in both typical and

adverse circumstances.

5.5 Strengths and limitations

The present thesis offers several methodological and contextual strengths that enhance
the reliability and relevance of its findings. A key strength is the longitudinal design, as

the majority of studies addressing similar questions relied on cross-sectional designs or
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lacked appropriate control groups. The longitudinal design also allowed for the
assessment of within-person changes over time and offered greater statistical power and
more accurate estimates of changes in screen time, well-being, and self-esteem.
Longitudinal data are also less prone to recall bias than retrospective assessments, which
tend to overestimate behaviors such as screen time (Madigan et al., 2022). Moreover, by
analyzing cohorts from before and during the COVID-19 pandemic, the study was able
to distinguish the effects of normal aging from those associated with lockdowns. The
inclusion of multiple domains of screen use (e.g., gaming, videos, social media,
homework) adds further depth, enabling a nuanced analysis of how various digital
behaviors evolved under differing conditions. Another strength is the comparability of
the cohorts: both groups were drawn from the same source population in Balassagyarmat,
a typical town in a socioeconomically disadvantaged region of Central Europe. The close
timing of data collection (2018 and 2020) and the geographical consistency reduce the
potential for cohort bias. This setting also provides external validity for interpreting
adolescent behavior in similarly deprived Central European contexts, which are often

underrepresented in international literature.

Nevertheless, several limitations must be acknowledged as well. First, although
participation and follow-up rates were acceptable, the loss to follow-up may still impact
the generalizability of our data. The sample was also ethnically homogenous, limiting the
applicability of the results to more diverse populations. In terms of measurement, screen
time data were self-reported by adolescents and were not verified by parents or objective
tools. However, previous studies have shown good agreement between adolescent and
parent reports of screen use (McArthur et al., 2021). Additionally, our survey did not
include items that focused specifically on social media, so we had to calculate it indirectly
from the HBSC 2014 questions. Furthermore, the study could not account for
simultaneous screen activities (e.g., watching videos while browsing social media), nor
did it include direct measures of physical activity or other sedentary behaviors, which
could influence or interact with screen time patterns. The study also lacks instruments to
evaluate problematic internet or social media use specifically. With respect to
psychological outcomes, short versions of validated instruments (WHO-5 WBI and
RSES) were used. While practical and widely applied, these versions may have limited

sensitivity to change. Additionally, Item 4 of the WHO-5 WBI (waking up feeling fresh
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and rested”) may have been particularly susceptible to changes driven by altered school
schedules during lockdowns. As students were no longer required to wake early, this item
may reflect improved sleep patterns rather than broader well-being. The generalizability
of the WHO-5 in adolescent populations is also limited. While it has shown strong
associations with psychosocial work factors in adults (Schutte et al., 2014), its link to
school-related stressors or the academic environment in adolescents have not been well
studied (Cormier & Rossi, 2019). Moreover, the questionnaires were designed before the
pandemic, and thus did not include pandemic-specific variables (Voitsidis et al., 2021),
such as fear of infection, anxiety related to restrictions, or perceptions of remote learning.
Other unmeasured but potentially important factors, such as peer relationships, teacher-
student dynamics, and socioeconomic conditions (Chen & Ma, 2023; Ross et al., 2020),
were not captured, which may have influenced the observed outcomes. Lastly, because
this research is a post hoc analysis of data collected as part of a health education program,
causal relationships cannot be established. The findings should therefore be viewed as

exploratory and hypothesis-generating.

5.6 Implications and Recommendations for Future Research

The findings of this thesis carry several important implications for public health,
education, and family-centered interventions targeting adolescents in the context of

digital media use and psychological well-being.

From a public health perspective, the high baseline screen time and the observed increase
during pandemic-related school closures underscores the need to develop guidelines that
go beyond total screen time and consider the type, context, and function of screen-based
activities. Future policies and recommendations should emphasize quality of screen use,
support digital literacy, and distinguish between passive and interactive screen activities.
American recommendations already use this approach (American Academy of Child &
Adolescent Psychiatry, 2025; American Academy of Pediatrics, 2025), however we lack
a national guideline and strategy to promote healthy digital media use for parents and

adolescents.

In terms of education policy, the findings suggest that school-related pressures and early

morning schedules may play a role in adolescent well-being, particularly for those who

47



struggle with waking early. The improvement in well-being among students with low
baseline scores on the WHO-5 WBI Item 4 during remote learning calls attention to the
potential value of more flexible school start times or hybrid learning models. These
adaptations could benefit adolescents’ sleep patterns and mental health, even beyond the
pandemic context (Biller et al., 2022; Winnebeck et al., 2020).

At the family level, the consistent associations between better family communication and
improved well-being, self-esteem, and screen use patterns highlight the importance of
family-based interventions. Supporting autonomy-supportive parenting and enhancing
communication skills within families may help buffer adolescents against environmental

stressors and promote healthier behavioral and emotional development.

Despite these valuable insights, several gaps remain that warrant further exploration.
First, longer-term follow-up studies are needed to assess whether the observed changes
in screen time and psychological outcomes persist beyond the acute phases of the
pandemic. Second, future research should incorporate more diverse samples to enhance
generalizability, especially in terms of ethnicity, socioeconomic status, and cultural
context. Third, there is a need for multidimensional assessment tools that can
simultaneously capture screen use patterns, emotional responses, and the broader
psychosocial environment, including factors such as peer relationships, school climate,
and digital competence.

Interestingly, our findings suggest that for some adolescents psychological well-being
and self-esteem did not deteriorate during the pandemic and, in some cases, even
improved. These results indicate that the effects of school lockdowns were not uniformly
negative and may have alleviated certain stressors such as early school schedules or
academic pressure. Future research should further investigate which contextual or
individual factors might have contributed to these outcomes. Understanding such
protective mechanisms could help inform future interventions aimed at promoting

adolescent resilience during times of disruption.
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5.7 New Evidence from the Thesis

1.

This was the first longitudinal analysis of Hungarian adolescents’ screen time,
well-being, and self-esteem trajectories across the COVID-19 lockdown. By
following two cohorts of pupils before (2018-2019) and during (2020-2021) the
pandemic, this thesis isolates lockdown-related change from normal age-related
development.

The work divides total screen time into four functionally distinct activities
(watching videos, playing games, homework, social-media/communication) and
shows that each domain followed a different trajectory, with clear gender
differences (e.g., gaming surging in boys but not girls; social-media time rising
mainly in girls).

The thesis provides evidence that well-being did not universally decline during
the pandemic and our post hoc analysis revealed that adolescents who typically
had difficulty waking up early might have benefited the most from the lockdown
period. This points to later wake-up times and extra sleep during remote schooling
as being a likely protective factor.

Adolescent girls’ self-esteem improved during the pandemic in our samples,
which draws attention to further investigation of possible protective factors of the
lockdown period that can be implemented even during ordinary circumstances.
Family structure and family communication play important roles in adolescents’
screen time use, well-being, and self-esteem.

The thesis provides insights from an understudied, socioeconomically deprived
Central-European region.
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6 Conclusions

The present thesis provides evidence on how the COVID-19-related school lockdowns
reshaped the changes in Hungarian adolescents’ screen time, well-being, and self-esteem
compared to pandemic-free age-related changes. A steadier increase in screen time was
anticipated, however our results revealed variations in screen-use patterns between pre-
pandemic and lockdown cohorts, as well as between boys and girls. This supports current
trends to emphasize the quality and context of digital media use as well, not just simply
the amount of screen time. Unexpected patterns were also observed, such as the increase
in Item 4 on WHO-5 WBI and the improvement of girls’ self-esteem. While much of the
literature has emphasized the adverse psychological effects of school closures, our study
shows that it can also bring beneficial changes in adolescents’ lives. Further research is
required to understand the mechanisms through which the pandemic might have
positively influenced adolescents. These results also highlight a methodological
consideration: widely used brief well-being questionnaires may not fully capture context-
specific changes, particularly in unusual circumstances like a pandemic. Associations of
family structure and family communication with screen time, well-being, and self-esteem
point out that health promotion strategies should target families as a whole, and improving

communication style within the family might lead to better health outcomes.
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7 Summary

The present thesis was a secondary analysis of the data collected in the BEP. Our aim was
to understand how the COVID-19 pandemic-related school lockdowns affected the
changes in screen time, well-being, and self-esteem compared to pandemic-free
circumstances with a special focus on family structure and family communication. Two
groups of ninth graders were included in the analysis: 227 ‘pre-pandemic’ and 250
‘lockdown’ students. Linear mixed models were conducted to analyze changes. Our
findings indicate that the COVID-19 pandemic disrupted age-related patterns. During the
pandemic, boys showed increases in overall screen time and its individual components,
with the most notable rise in screen time spent on other activities. Girls affected by
lockdown also increased their overall screen time and across all specific activities except
for playing games, which remained unchanged. As for well-being, a less pronounced
decline was observed during the pandemic, compared to the significant decline before the
pandemic. Post hoc analysis revealed that only Item 4 from the WBI showed a notable
difference between groups. Therefore, we tested the interaction between baseline scores
on Item 4 and lockdown exposure over time. Our observation was that well-being of those
with low baseline Item 4 score (struggling with waking up) improved significantly during
the pandemic. Regarding self-esteem, there were no substantial differences over time
among boys in the two cohorts. However, girls who experienced pandemic-related school
lockdown showed a significant increase in self-esteem compared to those in the pre-
pandemic group. Our study was the first longitudinal analysis of Hungarian adolescents’
screen time, well-being, and self-esteem trajectories across the COVID-19 lockdown. Our
results support current trends to emphasize the quality and context of digital media use as
well, not just simply the amount of screen time. Furthermore, we provided evidence that
well-being and self-esteem did not universally decline during the pandemic, which draws
attention to further investigation of possible protective factors of the lockdown period that
can be implemented even during ordinary circumstances. Family structure and family
communication play important roles in adolescents’ screen time use, well-being, and self-

esteem, so health promotion strategies should take this into consideration as well.

51



8 References

Albrecht, J. N., Werner, H., Rieger, N., Widmer, N., Janisch, D., Huber, R., & Jenni, O.
G. (2022, Jan 5). Association Between Homeschooling and Adolescent Sleep
Duration and Health During COVID-19 Pandemic High School Closures. Jama
Network Open, 5(1). https://doi.org/10.1001/jamanetworkopen.2021.42100

Aluja, A., Rolland, J. P., Garcia, L. F., & Rossier, J. (2007, Apr). Dimensionality of the
Rosenberg Self-Esteem Scale and its relationships with the Three-and the Five-
factor  personality = models. J  Pers  Assess, 88(2), 246-249.
https://doi.org/10.1080/00223890701268116

American Academy of Child & Adolescent Psychiatry. (2025). Screen Time and
Children. Retrieved 2025/07/08 from
https://www.aacap.org/AACAP/Families_and_Youth/Facts_for Families/FFF-
Guide/Children-And-Watching-TV-054.aspx

American Academy of Pediatrics. (2025). Screen Time Guidelines. Retrieved 2025/07/09

from https://www.aap.org/en/patient-care/media-and-children/center-of-

excellence-on-social-media-and-youth-mental-health/ga-portal/qa-portal-

library/ga-portal-library-questions/screen-time-
guidelines/?srsltid=AfmBOop4iwcROxI41\VVf4bjSyhPUOMZHK5tSHy3vbL 1Swp
Y27Wemr5Q9C

Arva, D. (2023). A Balassagyarmati Egészségneveld Program eredményességének
mérése. In D. E6rsi (Ed.), Tudas. Felelosség. Egészség : Hogyan inditsunk iskolai
egeszségfejlesztést a Balassagyarmati Egészségnevelé Program koncepcioja
alapjan? Keézikonyv serdiilok egészségnevelését végzé szakemberek szdméra (pp.
299-315). Semmelweis Kiado.

52


https://doi.org/10.1001/jamanetworkopen.2021.42100
https://doi.org/10.1080/00223890701268116
https://www.aacap.org/AACAP/Families_and_Youth/Facts_for_Families/FFF-Guide/Children-And-Watching-TV-054.aspx
https://www.aacap.org/AACAP/Families_and_Youth/Facts_for_Families/FFF-Guide/Children-And-Watching-TV-054.aspx
https://www.aap.org/en/patient-care/media-and-children/center-of-excellence-on-social-media-and-youth-mental-health/qa-portal/qa-portal-library/qa-portal-library-questions/screen-time-guidelines/?srsltid=AfmBOop4iwcROxl4lVf4bjSyhPU0MZHk5tSHy3vbL1SwpY27Wemr5Q9C
https://www.aap.org/en/patient-care/media-and-children/center-of-excellence-on-social-media-and-youth-mental-health/qa-portal/qa-portal-library/qa-portal-library-questions/screen-time-guidelines/?srsltid=AfmBOop4iwcROxl4lVf4bjSyhPU0MZHk5tSHy3vbL1SwpY27Wemr5Q9C
https://www.aap.org/en/patient-care/media-and-children/center-of-excellence-on-social-media-and-youth-mental-health/qa-portal/qa-portal-library/qa-portal-library-questions/screen-time-guidelines/?srsltid=AfmBOop4iwcROxl4lVf4bjSyhPU0MZHk5tSHy3vbL1SwpY27Wemr5Q9C
https://www.aap.org/en/patient-care/media-and-children/center-of-excellence-on-social-media-and-youth-mental-health/qa-portal/qa-portal-library/qa-portal-library-questions/screen-time-guidelines/?srsltid=AfmBOop4iwcROxl4lVf4bjSyhPU0MZHk5tSHy3vbL1SwpY27Wemr5Q9C
https://www.aap.org/en/patient-care/media-and-children/center-of-excellence-on-social-media-and-youth-mental-health/qa-portal/qa-portal-library/qa-portal-library-questions/screen-time-guidelines/?srsltid=AfmBOop4iwcROxl4lVf4bjSyhPU0MZHk5tSHy3vbL1SwpY27Wemr5Q9C

Bacaro, V., Miletic, K., & Crocetti, E. (2024, Sep). A meta-analysis of longitudinal
studies on the interplay between sleep, mental health, and positive well-being in
adolescents. Journal of Sleep Research, 33. <Go to
IS1>://W0S:001319389402336

Berger, A. T., Widome, R., & Troxel, W. M. (2018, Jun). School Start Time and
Psychological Health in Adolescents. Curr Sleep Med Rep, 4(2), 110-117.
https://doi.org/10.1007/s40675-018-0115-6

Biller, A. M., Molenda, C., Zerbini, G., Roenneberg, T., & Winnebeck, E. C. (2022, Feb
18). Sleep improvements on days with later school starts persist after 1 year in a
flexible start system. Sci Rep, 12(1), 2787. https://doi.org/10.1038/s41598-022-
06209-4

Birndorf, S., Ryan, S., Auinger, P., & Aten, M. (2005, Sep). High self-esteem among
adolescents: longitudinal trends, sex differences, and protective factors. J Adolesc
Health, 37(3), 194-201. https://doi.org/10.1016/j.jadohealth.2004.08.012

Bjelland, M., Soenens, B., Bere, E., Kovacs, E., Lien, N., Maes, L., Manios, Y.,
Moschonis, G., & te Velde, S. J. (2015, Oct 1). Associations between parental
rules, style of communication and children's screen time. BMC Public Health, 15,
1002. https://doi.org/10.1186/s12889-015-2337-6

Bloemen, N., & De Coninck, D. (2020, Oct). Social Media and Fear of Missing Out in
Adolescents: The Role of Family Characteristics. Social Media + Society, 6(4).
https://doi.org/10.1177/2056305120965517

Boers, E., Afzali, M. H., Newton, N., & Conrod, P. (2019, Sep 1). Association of Screen
Time and Depression in Adolescence. JAMA Pediatr, 173(9), 853-859.
https://doi.org/10.1001/jamapediatrics.2019.1759

53


https://doi.org/10.1007/s40675-018-0115-6
https://doi.org/10.1038/s41598-022-06209-4
https://doi.org/10.1038/s41598-022-06209-4
https://doi.org/10.1016/j.jadohealth.2004.08.012
https://doi.org/10.1186/s12889-015-2337-6
https://doi.org/10.1177/2056305120965517
https://doi.org/10.1001/jamapediatrics.2019.1759

Bucksch, J., Sigmundova, D., Hamrik, Z., Troped, P. J., Melkevik, O., Ahluwalia, N.,
Borraccino, A., Tynjala, J., Kalman, M., & Inchley, J. (2016, Apr). International
Trends in Adolescent Screen-Time Behaviors From 2002 to 2010. J Adolesc
Health, 58(4), 417-425. https://doi.org/10.1016/].jadohealth.2015.11.014

Cauberghe, V., Van Wesenbeeck, 1., De Jans, S., Hudders, L., & Ponnet, K. (2021, Apr
1). How Adolescents Use Social Media to Cope with Feelings of Loneliness and
Anxiety During COVID-19 Lockdown. Cyberpsychology Behavior and Social
Networking, 24(4), 250-257. https://doi.org/10.1089/cyber.2020.0478

Chadi, N., Ryan, N. C., & Geoffroy, M. C. (2022, Feb). COVID-19 and the impacts on
youth mental health: emerging evidence from longitudinal studies. Can J Public
Health, 113(1), 44-52. https://doi.org/10.17269/s41997-021-00567-8 (Les

impacts de la pandemie de la COVID-19 sur la sante mentale des jeunes : donnees

emergeantes des etudes longitudinales.)

Chai, R. M., & Bian, W. J. (2024, Nov 7). Adolescent sleep and its disruption in
depression and anxiety. Frontiers in Neuroscience, 18.
https://doi.org/10.3389/fnins.2024.1479420

Chen, S. T., Clark, C. C. T., & Ren, Z. B. (2022, Sep 6). Different types of screen-based
sedentary time and anxiety in adolescents: Video games may be more important.
Frontiers in Public Health, 10. https://doi.org/10.3389/fpubh.2022.918234

Chen, X., & Ma, R. (2023). Adolescents’ Self-Esteem: The Influence Factors and
Solutions. Journal of Education, Humanities and Social Sciences, 8, 1562-1566.
https://doi.org/10.54097/ehss.v8i.4520

Cochran, G., Cohen, Z. P., Paulus, M. P., Tsuchiyagaito, A., & Kirlic, N. (2023).

Sustained increase in depression and anxiety among psychiatrically healthy

54


https://doi.org/10.1016/j.jadohealth.2015.11.014
https://doi.org/10.1089/cyber.2020.0478
https://doi.org/10.17269/s41997-021-00567-8
https://doi.org/10.3389/fnins.2024.1479420
https://doi.org/10.3389/fpubh.2022.918234
https://doi.org/10.54097/ehss.v8i.4520

adolescents during late stage COVID-19 pandemic. Front Psychiatry, 14,
1137842. https://doi.org/10.3389/fpsyt.2023.1137842

Cormier, A.-A., & Rossi, M. (2019). Is children’s wellbeing different from adults’
wellbeing?  Canadian Journal of Philosophy, 49(8), 1146-1168.
https://doi.org/10.1080/00455091.2019.1619354

Cosma, A., Abdrakhmanova, S., Taut, D., Schrijvers, K., Catunda, C., & Schnohr, C.
(2023). A focus on adolescent mental health and wellbeing in Europe, central Asia
and Canada. Health Behaviour in School-aged Children international report
from the 2021/2022 survey. Volume 1. World Health Organization. Regional
Office for Europe. https://iris.who.int/handle/10665/373201

Currie, C., Inchley, J., Molcho, M., Lenzi, M., Veselska, Z., & Wild, F. (2014). Health
Behaviour in School-aged Children (HBSC) Study Protocol: Background,
Methodology and Mandatory items for the 2013/14 Survey.

Dale, R., Jesser, A., Pieh, C., O'Rourke, T., Probst, T., & Humer, E. (2023, Jun). Mental
health burden of high school students, and suggestions for psychosocial support,
1.5 years into the COVID-19 pandemic in Austria. Eur Child Adolesc Psychiatry,
32(6), 1015-1024. https://doi.org/10.1007/s00787-022-02032-4

Daly, M. (2022, Apr). Cross-national and longitudinal evidence for a rapid decline in life
satisfaction in adolescence. Journal of Adolescence, 94(3), 422-434.
https://doi.org/10.1002/jad.12037

Dominguez-Martin, A. T., Rico-Martin, S., Calderén-Garcia, J. F., Huerta-Gonzélez, S.,
Lavado-Garcia, J., Roncero-Martin, R., Canal-Macias, M. D., Pedrera-Zamorano,
J. D., & Lépez-Espuela, F. (2025, Feb 18). Impact of the COVID-19 pandemic on
self-esteem and body image in Spanish adolescents. Bmc Psychology, 13(1).
https://doi.org/10.1186/s40359-025-02478-6

55


https://doi.org/10.3389/fpsyt.2023.1137842
https://doi.org/10.1080/00455091.2019.1619354
https://iris.who.int/handle/10665/373201
https://doi.org/10.1007/s00787-022-02032-4
https://doi.org/10.1002/jad.12037
https://doi.org/10.1186/s40359-025-02478-6

Dong, G., Wang, L., Du, X., & Potenza, M. N. (2018, Nov 8). Gender-related differences
in neural responses to gaming cues before and after gaming: implications for
gender-specific vulnerabilities to Internet gaming disorder. Soc Cogn Affect
Neurosci, 13(11), 1203-1214. https://doi.org/10.1093/scan/nsy084

Dubow, E. F., & Rubinlicht, M. (2011). Coping. In B. B. Brown & M. J. Prinstein (Eds.),
Encyclopedia  of  Adolescence  (pp. 109-118). Academic  Press.
https://doi.org/https://doi.org/10.1016/B978-0-12-373951-3.00107-1

Dutil, C., Podinic, I., Sadler, C. M., da Costa, B. G., Janssen, I., Ross-White, A., Saunders,
T. J., Tomasone, J. R., & Chaput, J. P. (2022, Apr). Sleep timing and health
indicators in children and adolescents: a systematic review. Health Promot
Chronic Dis Prev Can, 42(4), 150-169. https://doi.org/10.24095/hpcdp.42.4.04

(Horaire de sommeil et indicateurs de sante chez les enfants et les adolescents :

revue systematique.)

Eorsi, D., Arva, D., Herczeg, V., & Terebessy, A. (2020). Komplex iskolai
egészségfejlesztd program a COM-B modell tiikrében [Introduction to a complex
school-based health education program from the COM-B model’s perspective].
Egészségfejlesztés, 61(1), 36-47.
https://doi.org/http://dx.doi.org/10.24365/ef.v61i1.540

European Commission. (2021). Percentage of European teenagers spending more than 2
hours on screen time. Retrieved 2025.08.05. from

https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-

gateway/physical-activity-sedentary-behaviour-table-4c en

Farrell, A. H., Vitoroulis, 1., Eriksson, M., & Vaillancourt, T. (2023, Feb). Loneliness and
Well-Being in Children and Adolescents during the COVID-19 Pandemic: A

56


https://doi.org/10.1093/scan/nsy084
https://doi.org/https:/doi.org/10.1016/B978-0-12-373951-3.00107-1
https://doi.org/10.24095/hpcdp.42.4.04
https://doi.org/http:/dx.doi.org/10.24365/ef.v61i1.540
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/physical-activity-sedentary-behaviour-table-4c_en
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/physical-activity-sedentary-behaviour-table-4c_en

Systematic Review. Children-Basel, 10(2).
https://doi.org/10.3390/children10020279

Frech, A. (2012, Jun 1). Healthy Behavior Trajectories between Adolescence and Young
Adulthood. Adv Life Course Res, 17(2), 59-68.
https://doi.org/10.1016/j.alcr.2012.01.003

Gecer, E., & Yildirim, M. (2023, Jan). Family Communication and Psychological
Distress in the Era of COVID-19 Pandemic: Mediating Role of Coping. J Fam
Issues, 44(1), 203-219. https://doi.org/10.1177/0192513X211044489

Gorely, T., Atkin, A. J., Biddle, S. J., & Marshall, S. J. (2009, Jun 11). Family
circumstance, sedentary behaviour and physical activity in adolescents living in
England: Project STIL. Int J Behav Nutr Phys Act, 6, 33.
https://doi.org/10.1186/1479-5868-6-33

Goto, R., Piedvache, A., Hangai, M., Yamaoka, Y., Sampei, M., Sawada, N., Okubo, Y.,
Tanaka, K., Morisaki, N., & Hosozawa, M. (2022, Nov 23). Time trends in
emotional well-being and self-esteem in children and adolescents during the
COVID-19 pandemic. Child Adolesc Psychiatry Ment Health, 16(1), 89.
https://doi.org/10.1186/s13034-022-00525-3

Gupta, M., & Sharma, A. (2021, Jul 6). Fear of missing out: A brief overview of origin,
theoretical underpinnings and relationship with mental health. World J Clin
Cases, 9(19), 4881-4889. https://doi.org/10.12998/wjcc.v9.119.4881

Haddock, A., Ward, N., Yu, R., & O'Dea, N. (2022, Oct 27). Positive Effects of Digital
Technology Use by Adolescents: A Scoping Review of the Literature. Int J
Environ Res Public Health, 19(21). https://doi.org/10.3390/ijerph192114009

57


https://doi.org/10.3390/children10020279
https://doi.org/10.1016/j.alcr.2012.01.003
https://doi.org/10.1177/0192513X211044489
https://doi.org/10.1186/1479-5868-6-33
https://doi.org/10.1186/s13034-022-00525-3
https://doi.org/10.12998/wjcc.v9.i19.4881
https://doi.org/10.3390/ijerph192114009

Haghjoo, P., Siri, G., Soleimani, E., Farhangi, M. A., & Alesaeidi, S. (2022, Jun 28).
Screen time increases overweight and obesity risk among adolescents: a
systematic review and dose-response meta-analysis. BMC Prim Care, 23(1), 161.
https://doi.org/10.1186/s12875-022-01761-4

Hale, L., & Guan, S. (2015, Jun). Screen time and sleep among school-aged children and
adolescents: a systematic literature review. Sleep Med Rev, 21, 50-58.
https://doi.org/10.1016/j.smrv.2014.07.007

Hall, J. A., & Liu, D. (2022, Aug). Social media use, social displacement, and well-being.
Curr Opin Psychol, 46, 101339. https://doi.org/10.1016/j.copsyc.2022.101339

Han, M. (2023). Influence of Family Structure on Children’s Well-being — Challenges
and Pathways to Promote Positive Development. SHS Web of Conferences, 180,
02008. https://doi.org/10.1051/shsconf/202318002008

Harvey, D. L., Milton, K., Jones, A. P., & Atkin, A. J. (2022, Jan). International trends in
screen-based behaviours from 2012 to 2019. Prev Med, 154, 106909.
https://doi.org/10.1016/j.ypmed.2021.106909

Hou, Y. R., Gu, T., Ni, Z. C., Shi, X., Ranney, M. L., & Mukherjee, B. (2025, Sep).
Global Prevalence of Long COVID, Its Subtypes, and Risk Factors: An Updated
Systematic Review and Meta-analysis. Open Forum Infectious Diseases, 12(9).
https://doi.org/10.1093/ofid/ofaf533

Huang, C. (2010, 2010/09/01). Mean-Level Change in Self-Esteem from Childhood
through Adulthood: Meta-Analysis of Longitudinal Studies. Review of General
Psychology, 14(3), 251-260. https://doi.org/10.1037/a0020543

58


https://doi.org/10.1186/s12875-022-01761-4
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.copsyc.2022.101339
https://doi.org/10.1051/shsconf/202318002008
https://doi.org/10.1016/j.ypmed.2021.106909
https://doi.org/10.1093/ofid/ofaf533
https://doi.org/10.1037/a0020543

KavehFarsani, Z., Kelishadi, R., & Beshlideh, K. (2020). Study of the effect of family
communication and function, and satisfaction with body image, on psychological
well-being of obese girls: the mediating role of self-esteem and depression. Child
Adolesc Psychiatry Ment Health, 14, 39. https://doi.org/10.1186/s13034-020-
00345-3

Kim, N., Kim, M. J,, Hughes, T. L., Kwak, H.,, & Kong, I. D. (2020, Jun 30).
Relationships of internet gaming reasons to biological indicators and risk of
internet gaming addiction in Korean adolescent male game users. BMC
Psychiatry, 20(1), 341. https://doi.org/10.1186/s12888-020-02714-w

Kiviruusu, O., Huurre, T., Aro, H., Marttunen, M., & Haukkala, A. (2015, 2015/03/01/).
Self-esteem growth trajectory from adolescence to mid-adulthood and its
predictors in adolescence. Advances in Life Course Research, 23, 29-43.
https://doi.org/https://doi.org/10.1016/j.alcr.2014.12.003

Kovacs, V. A., Starc, G., Brandes, M., Kaj, M., Blagus, R., Leskosek, B., Suesse, T.,
Dinya, E., Guinhouya, B. C., Zito, V., Rocha, P. M., Gonzalez, B. P., Kontsevaya,
A., Brzezinski, M., Bidiugan, R., Kiraly, A., Csanyi, T., & Okely, A. D. (2022,
Jul). Physical activity, screen time and the COVID-19 school closures in Europe
- An observational study in 10 countries. Eur J Sport Sci, 22(7), 1094-1103.
https://doi.org/10.1080/17461391.2021.1897166

Kroshus-Havril, E., Steiner, M. K., & Christakis, D. (2024, May). Family and
developmental correlates of adolescent involvement in decision making about
screen use. Prev Med Rep, 41, 102717.
https://doi.org/10.1016/j.pmedr.2024.102717

LaFontana, K. M., & Cillessen, A. H. N. (2010, Feb). Developmental Changes in the
Priority of Perceived Status in Childhood and Adolescence. Social Development,
19(1), 130-147. https://doi.org/10.1111/j.1467-9507.2008.00522.x

59


https://doi.org/10.1186/s13034-020-00345-3
https://doi.org/10.1186/s13034-020-00345-3
https://doi.org/10.1186/s12888-020-02714-w
https://doi.org/https:/doi.org/10.1016/j.alcr.2014.12.003
https://doi.org/10.1080/17461391.2021.1897166
https://doi.org/10.1016/j.pmedr.2024.102717
https://doi.org/10.1111/j.1467-9507.2008.00522.x

Langoy, A., Smith, O. R. F., Wold, B., Samdal, O., & Haug, E. M. (2019, Apr 25).
Associations between family structure and young people's physical activity and
screen  time  behaviors. BMC  Public  Health, 19(1), 433.
https://doi.org/10.1186/s12889-019-6740-2

Lasky, P., Buckwalter, K. C., Whall, A., Lederman, R., Speer, J., McLane, A., King, J.
M., & White, M. A. (1985, Feb). Developing an instrument for the assessment of
family dynamics. West J Nurs Res, 7(1), 40-57.
https://doi.org/10.1177/0092055X8500700105

Lepp, L., Aaviku, T., Leijen, A., Pedaste, M., & Saks, K. (2021, Feb). Teaching during
COVID-19: The Decisions Made in Teaching. Education Sciences, 11(2).
https://doi.org/10.3390/educsci11020047

Liga, F., Inguglia, C., Gugliandolo, M. C., Ingoglia, S., & Costa, S. (2020, Jan). The
socialization of coping strategies in adolescence: the modeling role of parents.
Anxiety Stress Coping, 33(1), 47-58.
https://doi.org/10.1080/10615806.2019.1666248

Liu, M., Kamper-DeMarco, K. E., Zhang, J., Xiao, J., Dong, D., & Xue, P. (2022, Apr
24). Time Spent on Social Media and Risk of Depression in Adolescents: A Dose-
Response Meta-Analysis. Int J Environ Res Public Health, 19(9).
https://doi.org/10.3390/ijerph19095164

Lukoseviciute, J., & Smigelskas, K. (2022, Jun 9). Mental Health during COVID-19
Pandemic: Qualitative Perceptions among Lithuanian Adolescents. Int J Environ
Res Public Health, 19(12). https://doi.org/10.3390/ijerph19127086

Madigan, S., Eirich, R., Pador, P., McArthur, B. A., & Neville, R. D. (2022, Nov 7).
Assessment of Changes in Child and Adolescent Screen Time During the COVID-

60


https://doi.org/10.1186/s12889-019-6740-2
https://doi.org/10.1177/0092055X8500700105
https://doi.org/10.3390/educsci11020047
https://doi.org/10.1080/10615806.2019.1666248
https://doi.org/10.3390/ijerph19095164
https://doi.org/10.3390/ijerph19127086

19 Pandemic A Systematic Review and Meta-analysis. Jama Pediatrics.
https://doi.org/10.1001/jamapediatrics.2022.4116

Major, D., & Eorsi, D. (2023). A Balassagyarmati Egészségneveld Program szerkezete.
In Déniel Eorsi (Ed.), Tudas. Feleldsség. Egészseg : Hogyan inditsunk iskolai
egeszségfejlesztést a Balassagyarmati Egészségnevelé Program koncepcioja
alapjan? Kézikonyv serdiildk egészségnevelését végzd szakemberek szamdra (pp.

139-157). Semmelweis Kiado.

Major, D., Falus, M., Arva, D., Eorsi, D., Terebessy, A., Tabak, A. G., & Fazekas-Pongor,
V. (2024). The effect of school lockdown on well-being and self-esteem of
adolescents during the COVID-19 pandemic in Hungary. Front Public Health, 12,
1474893. https://doi.org/10.3389/fpubh.2024.1474893

Major, D., Fazekas-Pongor, V., Partos, K., Tabak, A. G., Ungvari, Z. |, Eorsi, D., Arva,
D., & Terebessy, A. (2023). Effect of school lockdown due to the COVID-19
pandemic on screen time among adolescents in Hungary: a longitudinal analysis.
Front Public Health, 11, 1233024. https://doi.org/10.3389/fpubh.2023.1233024

Marconcin, P., Matos, M. G., lhle, A., Ferrari, G., Gouveia, E. R., Lopez-Flores, M.,
Peralta, M., & Marques, A. (2021). Trends of Healthy Lifestyles Among
Adolescents: An Analysis of More Than Half a Million Participants From 32
Countries Between 2006 and 2014. Front Pediatr, 9, 645074.
https://doi.org/10.3389/fped.2021.645074

Marquez, J., Inchley, J., & Long, E. (2022, Feb 21). Cross-Country and Gender
Differences in Factors Associated with Population-Level Declines in Adolescent
Life Satisfaction. Child Indicators Research. https://doi.org/10.1007/s12187-022-
09930-8

61


https://doi.org/10.1001/jamapediatrics.2022.4116
https://doi.org/10.3389/fpubh.2024.1474893
https://doi.org/10.3389/fpubh.2023.1233024
https://doi.org/10.3389/fped.2021.645074
https://doi.org/10.1007/s12187-022-09930-8
https://doi.org/10.1007/s12187-022-09930-8

Maruyama, J. M., Tovo-Rodrigues, L., Santos, I. S., Murray, J., & Matijasevich, A. (2023,
Sep-Oct). Changes and predictors of adolescent emotion regulation, self-esteem,
and locus of control during the COVID-19 pandemic: 2004 Pelotas Birth Cohort.
Braz J Psychiatry, 45(5), 389-396. https://doi.org/10.47626/1516-4446-2023-
3169

Mastorci, F., Lazzeri, M. F. L., Vassalle, C., & Pingitore, A. (2024, Aug). The Transition
from Childhood to Adolescence: Between Health and Vulnerability. Children-
Basel, 11(8). https://doi.org/10.3390/children11080989

Mazrekaj, D., & De Witte, K. (2023, Jul 10). The Impact of School Closures on Learning
and Mental Health of Children: Lessons From the COVID-19 Pandemic. Perspect
Psychol Sci, 17456916231181108. https://doi.org/10.1177/17456916231181108

Mazur, J., Klanscek, H. J., Augustine, L., Porwit, K., Sigmund, E., & Smigelskas, K.
(2021, Oct 11). Trends in multiple health complaints in Polish adolescents in light
of data from 30 European countries and Canada (2002-2018). J Mother Child,
25(1), 25-34. https://doi.org/10.34763/jmotherandchild.20212501.d-21-00011

McArthur, B. A., Racine, N., Browne, D., McDonald, S., Tough, S., & Madigan, S. (2021,
Oct). Recreational screen time before and during COVID-19 in school-aged
children. Acta Paediatr, 110(10), 2805-2807. https://doi.org/10.1111/apa.15966

Metsépelto, R.-L., Zimmermann, F., Pakarinen, E., Poikkeus, A.-M., & Lerkkanen, M.-
K. (2020, 2020/01/01/). School grades as predictors of self-esteem and changes in
internalizing problems: A longitudinal study from fourth through seventh grade.
Learning and Individual Differences, 77, 101807.
https://doi.org/https://doi.org/10.1016/j.1indif.2019.101807

Ministry of Health Singapore. (2025). Guidance on Screen Use in Children. Retrieved
2025.07.11. from https://go.gov.sg/moh-screenadvisory

62


https://doi.org/10.47626/1516-4446-2023-3169
https://doi.org/10.47626/1516-4446-2023-3169
https://doi.org/10.3390/children11080989
https://doi.org/10.1177/17456916231181108
https://doi.org/10.34763/jmotherandchild.20212501.d-21-00011
https://doi.org/10.1111/apa.15966
https://doi.org/https:/doi.org/10.1016/j.lindif.2019.101807
https://go.gov.sg/moh-screenadvisory

Moore, S. A., Faulkner, G., Rhodes, R. E., Brussoni, M., Chulak-Bozzer, T., Ferguson,
L. J., Mitra, R., O'Reilly, N., Spence, J. C., Vanderloo, L. M., & Tremblay, M. S.
(2020, Jul 6). Impact of the COVID-19 virus outbreak on movement and play
behaviours of Canadian children and youth: a national survey. Int J Behav Nutr
Phys Act, 17(1), 85. https://doi.org/10.1186/s12966-020-00987-8

Muppalla, S. K., Vuppalapati, S., Reddy Pulliahgaru, A., & Sreenivasulu, H. (2023, Jun).
Effects of Excessive Screen Time on Child Development: An Updated Review
and Strategies for Management. Cureus, 15(6), e40608.
https://doi.org/10.7759/cureus.40608

Nagata, J. M., Paul, A., Yen, F., Smith-Russack, Z., Shao, I. Y., Al-Shoaibi, A. A. A,,
Ganson, K. T., Testa, A., Kiss, O., He, J., & Baker, F. C. (2025, Jan). Associations
between media parenting practices and early adolescent screen use. Pediatr Res,
97(1), 403-410. https://doi.org/10.1038/s41390-024-03243-y

Navarra, G. A., Thomas, E., Scardina, A., lzadi, M., Zangla, D., De Dominicis, S.,
Cataldo, P., Proia, P., & Bellafiore, M. (2021, Oct). Effective Strategies for
Promoting Physical Activity through the Use of Digital Media among School-Age
Children: A Systematic Review. Sustainability, 13(20).
https://doi.org/10.3390/su132011270

Németh, A., & Kolt6, A. (2016). Egészség és egészségmagatartas iskolaskorban, 2014;
Az Iskolaskoru gyermekek egészségmagatartisa elnevezési, az Egészségiigyi
Vilagszervezettel egyiittmiikodésben megvalosulo nemzetkozi kutatas 2014. évi
felmérésérdl késziilt nemzeti jelentés; Health behaviour in school-aged children
(HBSC): A WHO-collaborative cross-national study national report 2014 (MEK-
16119). https://mek.oszk.hu/16100/16119

63


https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.7759/cureus.40608
https://doi.org/10.1038/s41390-024-03243-y
https://doi.org/10.3390/su132011270
https://mek.oszk.hu/16100/16119

Nesi, J., & Prinstein, M. J. (2015, Nov). Using Social Media for Social Comparison and
Feedback-Seeking: Gender and Popularity Moderate Associations with
Depressive Symptoms. Journal of Abnormal Child Psychology, 43(8), 1427-
1438. https://doi.org/10.1007/s10802-015-0020-0

Ng, K., Cosma, A., Svacina, K., Boniel-Nissim, M., & Badura, P. (2021, Jun). Czech
adolescents’ remote school and health experiences during the spring 2020
COVID-19 lockdown. Prev Med Rep, 22, 101386.
https://doi.org/10.1016/j.pmedr.2021.101386

Niu, X., Li, J. Y., King, D. L., Rost, D. H., Wang, H. Z., & Wang, J. L. (2023, Sep 19).
The relationship between parenting styles and adolescent problematic Internet
use: A three-level meta-analysis. J Behav Addict, 12(3), 652-6609.
https://doi.org/10.1556/2006.2023.00043

Oberle, E., Ji, X. R., Kerali, S., Guhn, M., Schonert-Reichl, K. A., & Gadermann, A. M.
(2020, Dec). Screen time and extracurricular activities as risk and protective
factors for mental health in adolescence: A population-level study. Prev Med, 141,
106291. https://doi.org/10.1016/j.ypmed.2020.106291

OECD. (2021). The State of Global Education: 18 Months into the Pandemic. OECD
Publishing. https://doi.org/doi:https://doi.org/10.1787/1a23bb23-en

Orban, E., Li, L. Y., Gilbert, M., Napp, A. K., Kaman, A., Topf, S., Boecker, M., Devine,
J., Reiss, F., Wendel, F., Jung-Sievers, C., Ernst, V. S., Franze, M., Mohler, E.,
Breitinger, E., Bender, S., & Ravens-Sieberer, U. (2023). Mental health and
quality of life in children and adolescents during the COVID-19 pandemic: a
systematic review of longitudinal studies. Front Public Health, 11, 1275917.
https://doi.org/10.3389/fpubh.2023.1275917

64


https://doi.org/10.1007/s10802-015-0020-0
https://doi.org/10.1016/j.pmedr.2021.101386
https://doi.org/10.1556/2006.2023.00043
https://doi.org/10.1016/j.ypmed.2020.106291
https://doi.org/doi:https:/doi.org/10.1787/1a23bb23-en
https://doi.org/10.3389/fpubh.2023.1275917

Orth, U., Erol, R. Y., & Luciano, E. C. (2018). Development of self-esteem from age 4
to 94 years: A meta-analysis of longitudinal studies. Psychological Bulletin,
144(10), 1045-1080. https://doi.org/10.1037/bul0000161

Ozer, S. (2024, Feb). Social support, self-efficacy, self-esteem, and well-being during
COVID-19 lockdown: A two-wave study of Danish students. Scand J Psychol,
65(1), 42-52. https://doi.org/10.1111/sjop.12952

Papageorgiou, A., Fisher, C., & Cross, D. (2022, Jun 27). "Why don't I look like her?"
How adolescent girls view social media and its connection to body image. Bmc
Womens Health, 22(1). https://doi.org/10.1186/s12905-022-01845-4

Pepe, A., & Farina, E. (2023, Jan 17). A mixed-method study on adolescents' well-being
during the COVID-19 syndemic emergency. Sci Rep, 13(1), 871.
https://doi.org/10.1038/s41598-022-24007-w

Plamondon, A., McArthur, B. A., Eirich, R., Racine, N., McDonald, S., Tough, S., &
Madigan, S. (2023, Jun 1). Changes in Children's Recreational Screen Time
During the COVID-19 Pandemic. JAMA Pediatr, 177(6), 635-637.
https://doi.org/10.1001/jamapediatrics.2023.0393

Potrebny, T., Wiium, N., & Lundegard, M. M. I. (2017, Nov 28). Temporal trends in
adolescents' self-reported psychosomatic health complaints from 1980-2016: A
systematic review and meta-analysis. Plos One, 12(11).
https://doi.org/10.1371/journal.pone.0188374

Qi, J, Yan, Y., & Yin, H. (2023, Apr 19). Screen time among school-aged children of
aged 6-14: a systematic review. Glob Health Res Policy, 8(1), 12.
https://doi.org/10.1186/s41256-023-00297-z

65


https://doi.org/10.1037/bul0000161
https://doi.org/10.1111/sjop.12952
https://doi.org/10.1186/s12905-022-01845-4
https://doi.org/10.1038/s41598-022-24007-w
https://doi.org/10.1001/jamapediatrics.2023.0393
https://doi.org/10.1371/journal.pone.0188374
https://doi.org/10.1186/s41256-023-00297-z

Qiu, J. Q., & Morales-Munoz, I. (2022, Feb). Associations between Sleep and Mental
Health in Adolescents: Results from the UK Millennium Cohort Study.
International Journal of Environmental Research and Public Health, 19(3).
https://doi.org/10.3390/ijerph19031868

Richard, V., Dumont, R., Lorthe, E., Loizeau, A., Baysson, H., Zaballa, M. E.,
Pennacchio, F., Barbe, R. P., Posfay-Barbe, K. M., Guessous, I., Stringhini, S., &
Grp, S.-K. S. (2023, Feb 1). Impact of the COVID-19 pandemic on children and
adolescents: determinants and association with quality of life and mental health-a
cross-sectional study. Child and Adolescent Psychiatry and Mental Health, 17(1).
https://doi.org/10.1186/s13034-023-00563-5

Rocha, S., & Fuligni, A. (2023, Aug). The impact of the COVID-19 pandemic on
adolescent  sleep  behavior. Curr Opin  Psychol, 52, 101648.
https://doi.org/10.1016/j.copsyc.2023.101648

Rose, T., Barker, M., Jacob, C. M., Morrison, L., Lawrence, W., Strommer, S., Vogel,
C., Woods-Townsend, K., Farrell, D., Inskip, H., & Baird, J. (2017, Dec). A
Systematic Review of Digital Interventions for Improving the Diet and Physical
Activity Behaviors of Adolescents. Journal of Adolescent Health, 61(6), 669-677.
https://doi.org/10.1016/j.jadohealth.2017.05.024

Rosenberg, M. (1965). Society and the Adolescent Self-lmage. Princeton University
Press. http://www.jstor.org/stable/j.ctt183pjjh

Ross, D. A., Hinton, R., Melles-Brewer, M., Engel, D., Zeck, W., Fagan, L., Herat, J.,
Phaladi, G., Imbago-Jacome, D., Anyona, P., Sanchez, A., Damji, N., Terki, F.,
Baltag, V., Patton, G., Silverman, A., Fogstad, H., Banerjee, A., & Mohan, A.
(2020, Oct). Adolescent Well-Being: A Definition and Conceptual Framework. J
Adolesc Health, 67(4), 472-476. https://doi.org/10.1016/j.jadohealth.2020.06.042

66


https://doi.org/10.3390/ijerph19031868
https://doi.org/10.1186/s13034-023-00563-5
https://doi.org/10.1016/j.copsyc.2023.101648
https://doi.org/10.1016/j.jadohealth.2017.05.024
http://www.jstor.org/stable/j.ctt183pjjh
https://doi.org/10.1016/j.jadohealth.2020.06.042

Sabah, A., Aljaberi, M. A., Hajji, J., Fang, C.-Y., Lai, Y.-C., & Lin, C.-Y. (2023). Family
Communication as a Mediator between Family Resilience and Family
Functioning under the Quarantine and COVID-19 Pandemic in Arabic Countries.
Children, 10(11). https://doi.org/10.3390/children10111742

Sacco, R., Camilleri, N., Eberhardt, J., Umla-Runge, K., & Newbury-Birch, D. (2024,
Sep). A systematic review and meta-analysis on the prevalence of mental
disorders among children and adolescents in Europe. Eur Child Adolesc
Psychiatry, 33(9), 2877-2894. https://doi.org/10.1007/s00787-022-02131-2

Sallay, V., Martos, T., Foldvari, M., Szabd, T., & Ittzés, A. (2014). Hungarian version of
the Rosenberg Self-esteem Scale (RSES-H): An alternative translation, structural
invariance, and validity. Mentalhigiéné és Pszichoszomatika, 15(3), 259-275.
https://doi.org/10.1556/mental.15.2014.3.7

Santos, R. M. S., Mendes, C. G., Sen Bressani, G. Y., de Alcantara Ventura, S., de
Almeida Nogueira, Y. J., de Miranda, D. M., & Romano-Silva, M. A. (2023, Apr
20). The associations between screen time and mental health in adolescents: a
systematic review. BMC Psychol, 11(1), 127. https://doi.org/10.1186/s40359-
023-01166-7

Sarker, R., Roknuzzaman, A. S. M., Nazmunnahar, Shahriar, M., Hossain, M. J., & Islam,
M. R. (2023, Sep). The WHO has declared the end of pandemic phase of COVID-
19: Way to come back in the normal life. Health Science Reports, 6(9).
https://doi.org/10.1002/hsr2.1544

Schutte, S., Chastang, J. F., Malard, L., Parent-Thirion, A., Vermeylen, G., &
Niedhammer, 1. (2014, Nov). Psychosocial working conditions and psychological
well-being among employees in 34 European countries. Int Arch Occup Environ
Health, 87(8), 897-907. https://doi.org/10.1007/s00420-014-0930-0

67


https://doi.org/10.3390/children10111742
https://doi.org/10.1007/s00787-022-02131-2
https://doi.org/10.1556/mental.15.2014.3.7
https://doi.org/10.1186/s40359-023-01166-7
https://doi.org/10.1186/s40359-023-01166-7
https://doi.org/10.1002/hsr2.1544
https://doi.org/10.1007/s00420-014-0930-0

Selman, S. B., & Dilworth-Bart, J. E. (2024, 2024/06/01). Routines and child
development: A systematic review. Journal of Family Theory & Review, 16(2),
272-328. https://doi.org/https://doi.org/10.1111/jftr.12549

Singh, S., Roy, D., Sinha, K., Parveen, S., Sharma, G., & Joshi, G. (2020, Nov). Impact
of COVID-19 and lockdown on mental health of children and adolescents: A
narrative review with recommendations. Psychiatry Res, 293, 113429.
https://doi.org/10.1016/j.psychres.2020.113429

Skymba, H. V., Joyce, C., Telzer, E. H., & Rudolph, K. D. (2022, Dec). Peer Adversity
Predicts Interpersonal Needs in Adolescent Girls. Journal of Research on
Adolescence, 32(4), 1566-1579. https://doi.org/10.1111/jora.12741

Smith, D., Leonis, T., & Anandavalli, S. (2021, Jan 2). Belonging and loneliness in
cyberspace: impacts of social media on adolescents' well-being. Australian
Journal of Psychology, 73(2), 12-23.
https://doi.org/10.1080/00049530.2021.1898914

Stentiford, L., Koutsouris, G., & Allan, A. (2023). Girls, mental health and academic
achievement: a qualitative systematic review. Educational Review, 75(6), 1224-
1254, https://doi.org/10.1080/00131911.2021.2007052

Stewart, T. M., Fry, D., Wilson, J., McAra, L., Hamilton, S., King, A., Laurie, M., &
McCluskey, G. (2023). Adolescent Mental Health Priorities During the Covid-19
Pandemic. School Ment Health, 15(1), 247-259. https://doi.org/10.1007/s12310-
022-09547-w

Susénszky, E., Konkoly Thege, B., Stauder, A., & Kopp, M. (2006). Validation of the
short (5-item) version of the WHO well-being scale based on a Hungarian
representative  health survey (Hungarostudy 2002). Mentalhigiéné és
Pszichoszomatika, 7(3), 247-255. https://doi.org/10.1556/mental.7.2006.3.8

68


https://doi.org/https:/doi.org/10.1111/jftr.12549
https://doi.org/10.1016/j.psychres.2020.113429
https://doi.org/10.1111/jora.12741
https://doi.org/10.1080/00049530.2021.1898914
https://doi.org/10.1080/00131911.2021.2007052
https://doi.org/10.1007/s12310-022-09547-w
https://doi.org/10.1007/s12310-022-09547-w
https://doi.org/10.1556/mental.7.2006.3.8

Svensson, R., Johnson, B., & Olsson, A. (2022, Feb 10). Does gender matter? The
association between different digital media activities and adolescent well-being.
BMC Public Health, 22(1), 273. https://doi.org/10.1186/s12889-022-12670-7

Tarokh, L., Saletin, J. M., & Carskadon, M. A. (2016, Nov). Sleep in adolescence:
Physiology, cognition and mental health. Neurosci Biobehav Rev, 70, 182-188.
https://doi.org/10.1016/j.neubiorev.2016.08.008

Thomas, L., Orme, E., & Kerrigan, F. (2020, Mar). Student Loneliness: The Role of
Social Media Through Life Transitions. Computers & Education, 146.
https://doi.org/10.1016/j.compedu.2019.103754

Topp, C. W., Ostergaard, S. D., Sondergaard, S., & Bech, P. (2015). The WHO-5 Well-
Being Index: a systematic review of the literature. Psychother Psychosom, 84(3),
167-176. https://doi.org/10.1159/000376585

Trott, M., Driscoll, R., Irlado, E., & Pardhan, S. (2022, Jun). Changes and correlates of
screen time in adults and children during the COVID-19 pandemic: A systematic
review and meta-analysis. EClinicalMedicine, 48, 101452.
https://doi.org/10.1016/j.eclinm.2022.101452

Twenge, J. M., & Farley, E. (2021, Feb). Not all screen time is created equal: associations
with mental health vary by activity and gender. Soc Psychiatry Psychiatr
Epidemiol, 56(2), 207-217. https://doi.org/10.1007/s00127-020-01906-9

Twenge, J. M., Haidt, J., Blake, A. B., McAllister, C., Lemon, H., & Le Roy, A. (2021,
Dec). Worldwide increases in adolescent loneliness. J Adolesc, 93, 257-269.
https://doi.org/10.1016/j.adolescence.2021.06.006

69


https://doi.org/10.1186/s12889-022-12670-7
https://doi.org/10.1016/j.neubiorev.2016.08.008
https://doi.org/10.1016/j.compedu.2019.103754
https://doi.org/10.1159/000376585
https://doi.org/10.1016/j.eclinm.2022.101452
https://doi.org/10.1007/s00127-020-01906-9
https://doi.org/10.1016/j.adolescence.2021.06.006

Varnai, D., & Németh, A. (2024). Testi és lelki egészség. In A. Németh (Ed.), Iskolaskor(
Gyermekek Egészségmagatartdsa 2022. ELTE PPK — L’Harmattan Kiado.
https://doi.org/https://doi.org/10.56037/978-963-646-075-4

Vezina-Im, L. A., Beaulieu, D., Turcotte, S., Roussel-Ouellet, J., Labbe, V., & Bouchard,
D. (2022, Aug). Association between Recreational Screen Time and Sleep Quality
among Adolescents during the Third Wave of the COVID-19 Pandemic in
Canada. International Journal of Environmental Research and Public Health,
19(15). https://doi.org/10.3390/ijerph19159019

Voitsidis, P., Kerasidou, M. D., Nikopoulou, A. V., Tsalikidis, P., Parlapani, E., Holeva,
V., & Diakogiannis, 1. (2021, Nov). A systematic review of questionnaires
assessing the psychological impact of COVID-19. Psychiatry Res, 305, 114183.
https://doi.org/10.1016/j.psychres.2021.114183

Widnall, E., Adams, E. A., Plackett, R., Winstone, L., Haworth, C. M. A, Mars, B., &
Kidger, J. (2022, Jun 10). Adolescent Experiences of the COVID-19 Pandemic
and School Closures and Implications for Mental Health, Peer Relationships and
Learning: A Qualitative Study in South-West England. Int J Environ Res Public
Health, 19(12). https://doi.org/10.3390/ijerph19127163

Winnebeck, E. C., Vuori-Brodowski, M. T., Biller, A. M., Molenda, C., Fischer, D.,
Zerbini, G., & Roenneberg, T. (2020, Jun 15). Later school start times in a flexible
system improve teenage sleep. Sleep, 43(6). https://doi.org/10.1093/sleep/zsz307

World Health Organization. (2020). Listings of WHO'’s response to COVID-19. Retrieved
12/10/2025 from https://www.who.int/news/item/29-06-2020-covidtimeline

World Health Organization. (2024). Mental health of adolescents. Retrieved 2025.08.05.
from https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-
health

70


https://doi.org/https:/doi.org/10.56037/978-963-646-075-4
https://doi.org/10.3390/ijerph19159019
https://doi.org/10.1016/j.psychres.2021.114183
https://doi.org/10.3390/ijerph19127163
https://doi.org/10.1093/sleep/zsz307
https://www.who.int/news/item/29-06-2020-covidtimeline
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health

Zapf, H., Boettcher, J., Haukeland, Y., Orm, S., Coslar, S., & Fjermestad, K. (2023). A
systematic review of the association between parent-child communication and

adolescent mental health. JCPP Advances. https://doi.org/10.1002/jcv2.12205

Zolopa, C., Burack, J. A., O'Connor, R. M., Corran, C., Lai, J., Bomfim, E., DeGrace, S.,
Dumont, J., Larney, S., & Wendt, D. C. (2022). Changes in Youth Mental Health,
Psychological Wellbeing, and Substance Use During the COVID-19 Pandemic:
A Rapid Review. Adolesc Res Rev, 7(2), 161-177.
https://doi.org/10.1007/s40894-022-00185-6

71


https://doi.org/10.1002/jcv2.12205
https://doi.org/10.1007/s40894-022-00185-6

9 Bibliography of the candidate’s publications

9.1 Publications on which the thesis is based

Major, D., Falus, M., Arva, D., Eérsi, D., Terebessy A., Tabak, A. G., & Fazekas-
Pongor, V. (2024). The effect of school lockdown on well-being and self-esteem
of adolescents during the COVID-19 pandemic in Hungary. Frontiers in Public
Health, 12, 1474893. https://doi.org/10.3389/fpubh.2024.1474893

Major, D., Fazekas-Pongor, V., Partos, K., Tabak, A. G., Ungvari, Z. Eérsi, D., Arva,
D., & Terbessy, A. (2023). Effect of school lockdown due to the COVID-19
pandemic on screen time among adolescents in Hungary: a longitudinal analysis.
Frontiers in Public Health, 11, 1233024.
https://doi.org/10.3389/fpubh.2023.1233024

9.2 Publications independent of the thesis

Eérsi, D., Major, D.*, Arva, D., Bikas, L., Nagy, N., Fazekas-Pongor, V., Horvéth, F.,
& Terebessy, A. (2024). Diverse Sexual Definitions and Their Predictors Among
Adolescents: A Multilevel Analysis in Hungary. SEXUALITY RESEARCH AND
SOCIAL POLICY, 21(3), 890-898. https://doi.org/10.1007/s13178-023-00902-3

Major, D., Sandor, J., Kiss, ., Orsos, Z., Zsiros, V., Arva, D., D6sa, N. S., Fehér, A.,
Mészaros, A., Partos, K., Szarvas, Z., Péterfi, A., Fekete, M., Ungvéri, Z. 1.,
Terebessy, A., & Fazekas-Pongor, V. (2024). A daganatok megeldzése és a
sziirésiikre valo 0sztonzés a prevencios szakrendelés keretein beliil.
NEPEGESZSEGUGY, 101(1), 61-65. https://nepegeszsequgyi-
egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=63

Major, D., Di6szegi, J., Orsés, Z., Kucsera, M., Paulik, E., Fazekas-Pongor, V., Arva,
D., D6sa, N. S., Fehér, A., Mészaros, A., Partos, K., Péterfi, A., Szarvas, Z.,
Fekete, M., Ungvéri, Z. |., & Terebessy, A. (2024). Az alkoholfogyasztas
szlirésének eszkozei és a tanacsadas menete a prevencios szakrendelés keretein
beliil. NEPEGESZSEGUGY, 101(1), 29-32. https://nepegeszsequayi-
egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=31

72


https://doi.org/10.3389/fpubh.2024.1474893
https://doi.org/10.3389/fpubh.2023.1233024
https://doi.org/10.1007/s13178-023-00902-3
https://nepegeszsegugyi-egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=63
https://nepegeszsegugyi-egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=63
https://nepegeszsegugyi-egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=31
https://nepegeszsegugyi-egyesulet.hu/sites/default/files/2024-08/e-nepeg2401.pdf#page=31

Partos, K., Major, D.*, Désa, N. S., Fazekas-Pongor, V., Tabak, A., Ungvari, Z. I.,
Horvath, I., Barta, ., Pozsgai, E., Bodnar, T., Fehér, G., Lenkey, Z., Fekete, M.,
& Springo, Z. (2024). Diagnosis rates, therapeutic characteristics, lifestyle, and
cancer screening habits of patients with diabetes mellitus in a highly deprived
region in Hungary: a cross-sectional analysis. FRONTIERS IN
ENDOCRINOLOGY, 15. https://doi.org/10.3389/fendo.2024.1299148

Major, D., & Eorsi, D. (2023). A Balassagyarmati Egészségneveld Program szerkezete.
In D. Eo6rsi (Ed.), Tudds. Felel6sség. Egészség (pp. 139-157). Semmelweis
Kiado.

Major, D. (2023). Fert6z6 betegségek és COVID-19 a serdiilok korében. In D. Eorsi
(Ed.), Tudas. Felel6sség. Egészseg (pp. 29-33). Semmelweis Kiado.

Pandics, T., Major, D.*, Fazekas-Pongor, V.*, Szarvas, Z., Péterfi, A., Mukli, P., Gulej,
R., Ungvéri, A. S., Fekete, M., Tompa, A., Tarantini, S., Yabluchanskiy, A.,
Conley, S., Csiszar, A., Tabak, A., Benyo, Z., Adany, R., & Ungvari, Z. I.
(2023). Exposome and unhealthy aging: environmental drivers from air pollution
to occupational exposures. GEROSCIENCE: OFFICIAL JOURNAL OF THE
AMERICAN AGING ASSOCIATION (AGE), 45(6), 3381-3408.
https://doi.org/10.1007/s11357-023-00913-3

74bo, V., Lehoczki, A. M., Varga, J. T., Szappanos, A., Lipécz, A., Csipo, T., Fazekas-
Pongor, V., Major, D., & Fekete, M. (2025). Digital Microinterventions in
Nutrition: Virtual Culinary Medicine Programs and Their Effectiveness in
Promoting Plant-Based Diets—A Narrative Review. NUTRIENTS, 17(20).
https://doi.org/10.3390/nu17203310

Varga, P., Lehoczki, A. M., Fekete, M., Jarecsny, T., Kryczyk-Poprawa, A., Zabo, V.,
Major, D., Fazekas-Pongor, V., Csipd, T., & Varga, J. T. (2025). The Role of
Magnesium in Depression, Migraine, Alzheimer’s Disease, and Cognitive
Health. A Comprehensive Review. NUTRIENTS, 17.
https://doi.org/10.3390/nu17132216

Mukli, P., Muranyi, M., Lipécz, A., Szarvas, Z., Csipd, T., Ungvari, A. S., Fekete, M.,
Fazekas-Pongor, V., Péterfi, A., Fehér, A., Dosa, N. S., Mozes, N., Kaposvari,
C., Alliguander, A., Hung, W. Y., Major, D., Kaposzta, Z., Matiscsak, A.,

73


https://doi.org/10.3389/fendo.2024.1299148
https://doi.org/10.1007/s11357-023-00913-3
https://doi.org/10.3390/nu17203310
https://doi.org/10.3390/nu17132216

Bednarikné Dornyei, G.,...Ungvari, Z. 1. (2025). Age-related and dual task-
induced gait alterations and asymmetry. optimizing the Semmelweis Study gait
assessment protocol. GEROSCIENCE: OFFICIAL JOURNAL OF THE
AMERICAN AGING ASSOCIATION (AGE). https://doi.org/10.1007/s11357-
025-01722-6

Lehoczki, A. M., Csip6, T., Lipécz, A., Major, D., Fazekas-Pongor, V., Csik, B.,
Mozes, N., Fehér, A., Dosa, N. S., Arva, D., Partos, K., Kaposvari, C., Horvéth,
K., Varga, P., & Fekete, M. (2025). Western Diet and Cognitive Decline: A
Hungarian Perspective—Implications for the Design of the Semmelweis Study.
NUTRIENTS, 17(15). https://doi.org/10.3390/nul7152446

Mozes, N., Arva, D., Major, D., Fekete, M., D6sa, N. S., Lehoczki, A. M., Varga, P.,
Partos, K., Hung, W. Y., Giovannetti, G., Vignoli, D., Busse, B., Moizs, M.,
Nagyova, I., Yon, Y., Purebl, G., Merkely, B. P., Adany, R., Fazekas-Pongor,
V., & Ungvari, Z. . (2025). Micro-gyms as a catalyst for healthy aging in
university and healthcare settings: applications for the Semmelweis-EUniWell
Workplace Health Promotion Model Program. GEROSCIENCE: OFFICIAL
JOURNAL OF THE AMERICAN AGING ASSOCIATION (AGE), 47(4), 5559—
5575. https://doi.org/10.1007/s11357-025-01595-9

Lehoczki, A. M., Fekete, M., Jarecsny, T., Zabo, V., Szappanos, A., Csipd, T., Lipécz,
A., Major, D., Fazekas-Pongor, V., Varga, P., & Varga, J. T. (2025). The
Neuroprotective Role of Curcumin: From Molecular Pathways to Clinical
Translation—A Narrative Review. NUTRIENTS, 17(17).
https://doi.org/10.3390/nul7172884

Fekete, M., Lehoczki, A. M., Szappanos, A., Zabd, V., Kaposvari, C., Horvéth, A.,
Farkas, A., Fazekas-Pongor, V., Major, D., Lipécz, A., Csipd, T., & Varga, J. T.
(2025). Vitamin D and Colorectal Cancer Prevention: Immunological
Mechanisms, Inflammatory Pathways, and Nutritional Implications.
Immunological Mechanisms, Inflammatory Pathways, and Nutritional
Implications. NUTRIENTS, 17(8). https://doi.org/10.3390/nul17081351

Fazekas-Pongor, V., Major, D., & Tabak, A. (2025). Obezitas és demencia. In |. Barna
(Ed.), Obezitas (pp. 192-198). Medicina Konyvkiado Zrt.

74


https://doi.org/10.1007/s11357-025-01722-6
https://doi.org/10.1007/s11357-025-01722-6
https://doi.org/10.3390/nu17152446
https://doi.org/10.1007/s11357-025-01595-9
https://doi.org/10.3390/nu17172884
https://doi.org/10.3390/nu17081351

Cao, X., Peng, H., Hu, Z., Xu, C., Ning, M., Zhou, M., Mi, Y., Yu, P., Fazekas-Pongor,
V., Major, D., Ungvéri, Z. |., Fekete, M., Lehoczki, A. M., & Guo, Y. (2025).
Exploring the global impact of obesity and diet on dementia burden: the role of
national policies and sex differences. GEROSCIENCE: OFFICIAL JOURNAL
OF THE AMERICAN AGING ASSOCIATION (AGE), 47(1), 1345-1360.
https://doi.org/10.1007/s11357-024-01457-w

Arva, D., Cseh, A., Jeney, A., Dunai, D., Major, D., & Zorgé, S. (2024). Az iskolai
kortars egészségnevelOi tevékenység lehetséges szerepe az orvosképzesben.
LEGE ARTIS MEDICINAE, 34(9), 435-442.
https://doi.org/10.33616/LAM.34.0435

Cao, X., Wang, M., Zhou, M., Mi, Y., Fazekas-Pongor, V., Major, D., Lehoczki, A. M.,
& Guo, Y. (2024). Trends in prevalence, mortality, and risk factors of dementia
among the oldest-old adults in the United States: the role of the obesity
epidemic. GEROSCIENCE: OFFICIAL JOURNAL OF THE AMERICAN
AGING ASSOCIATION (AGE), 46(5), 4761-4778.
https://doi.org/10.1007/s11357-024-01180-6

Fazekas-Pongor, V., Domjan, B. A., Major, D., Péterfi, A., Horvath, V. J., Mészéros,
S., Voko, Z., Vasarhelyi, B., Szabo, A., Burian, K., Merkely, B. P., & Tabak, A.
(2024). Prevalence and determinants of diagnosed and undiagnosed diabetes in
Hungary based on the nationally representative cross-sectional H-UNCOVER
study. DIABETES RESEARCH AND CLINICAL PRACTICE, 216.
https://doi.org/10.1016/j.diabres.2024.111834

Fekete, M., Lehoczki, A. M., Major, D., Fazekas-Pongor, V., Csipd, T., Tarantini, S.,
Csizmadia, Z., & Varga, J. T. (2024). Exploring the Influence of Gut-Brain Axis
Modulation on Cognitive Health: A Comprehensive Review of Prebiotics,
Probiotics, and Symbiotics. NUTRIENTS, 16(6).
https://doi.org/10.3390/nu16060789

Fekete, M., Major, D., Fehér, A., Fazekas-Pongor, V., & Lehoczki, A. M. (2024).
Geroscience and pathology: a new frontier in understanding age-related diseases.
PATHOLOGY AND ONCOLOGY RESEARCH, 30.
https://doi.org/10.3389/pore.2024.1611623

75


https://doi.org/10.1007/s11357-024-01457-w
https://doi.org/10.33616/LAM.34.0435
https://doi.org/10.1007/s11357-024-01180-6
https://doi.org/10.1016/j.diabres.2024.111834
https://doi.org/10.3390/nu16060789
https://doi.org/10.3389/pore.2024.1611623

Fekete, M., Lehoczki, A. M., Csip6, T., Fazekas-Pongor, V., Szappanos, A., Major, D.,
Mozes, N., Désa, N. S., & Varga, J. T. (2024). The Role of Trace Elements in
COPD: Pathogenetic Mechanisms and Therapeutic Potential of Zinc, Iron,
Magnesium, Selenium, Manganese, Copper, and Calcium. NUTRIENTS, 16(23).
https://doi.org/10.3390/nu16234118

Fazekas-Pongor, V., Svébis, M. M., Major, D., Partos, K., D6sa, N. S., Mészaros, A.,
Horvath, V. J., Domjan, B. A., Zsirai, L., & Tabék, A. (2023). Trend of
pregnancy outcomes in type 1 diabetes compared to control women: a register-
based analysis in 1996-2018. FRONTIERS IN ENDOCRINOLOGY, 14.
https://doi.org/10.3389/fend0.2023.1232618

Fekete, M., Horvath, A., Santa, B., Tomisa, G., Sz6116si, G. J., Ungvari, Z. 1., Fazekas-
Pongor, V., Major, D., Tarantini, S., & Varga, J. T. (2023). COVID-19
vaccination coverage in patients with chronic obstructive pulmonary disease — A
cross-sectional study in Hungary. VACCINE, 41(1), 193-200.
https://doi.org/10.1016/j.vaccine.2022.11.020

Fazekas-Pongor, V., Péterfi, A., Major, D., Szarvas, Z., Fekete, M., Tabak, A., Csiszar,
A., Sonntag, W. E., Austad, S. N., & Ungvéri, Z. . (2022). Decreased lifespan in
female “Munchkin” actors from the cast of the 1939 film version of The Wizard
of Oz does not support the hypothesis linking hypopituitary dwarfism to
longevity. GEROSCIENCE: OFFICIAL JOURNAL OF THE AMERICAN
AGING ASSOCIATION (AGE), 44(5), 2527-2539.
https://doi.org/10.1007/s11357-022-00680-7

76


https://doi.org/10.3390/nu16234118
https://doi.org/10.3389/fendo.2023.1232618
https://doi.org/10.1016/j.vaccine.2022.11.020
https://doi.org/10.1007/s11357-022-00680-7

10 Acknowledgements

I would like to express my sincere gratitude to my supervisors. | thank Andras Terebessy
for introducing me, as a medical student, to the fascinating field of public health and for
later supporting my PhD research. | am deeply grateful to Vince Fazekas-Pongor for his
unwavering and inspiring motivation throughout my PhD journey, and for always being

available to answer even the smallest of questions.

I am especially thankful to Adam G. Tabak for his invaluable support in the statistical

analyses and for teaching me a wide range of statistical methods along the way.

My thanks go to the BEP team, in particular Daniel Eérsi and Dorottya Arva, for
welcoming me into the research group. | also wish to acknowledge the contributions of
other BEP team members: Katalin Fiam-Szlcs, Péter Takacs, Borbala van der Meer,
Katalin Tarndczy-Toth, Alexandra Nagy, Dominik Monori, Tibor Prievara, Andrea
Kovesdi, Vivien Herczeg, Zsuzsanna Batri, Andras Vaczi, Judit Hegedis, and Jozsef
Hajnes. | am equally thankful to all the peer educators, contact teachers, and students

from Balassagyarmat who participated in the program.

| extend my appreciation to my other co-authors, Méarton Falus and Katalin Péartos, for

their valuable input in preparing the manuscripts.

| am grateful to my workplace, the Institution of Preventive Medicine and Public Health,
and to my director, Zoltan Ungvari, for supporting the completion of my PhD. Special

thanks to Hajnal Szentgyorgyi and Nikoletta Horvath for their administrative assistance.

Finally, 1 wish to thank my family and friends for their support, patience, and

encouragement throughout this journey

77



78



