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Background: During the COVID-19 lockdown in 2020, adolescents’ mental

health was largely undermined. A general increment in screen time was

reported. However, the long-term e�ects of the latter on adolescents’ mental

health are still little explored.

Methods: In the present natural experiment, we investigated these e�ects

using longitudinal data collected before and after the first lockdown in

Switzerland. Data come from 674 Swiss adolescents (56.7% females, Mage

= 14.45, SDage = 0.50) during Spring 2019 (T1) and Autumn 2020 (T2) as

part of the longitudinal MEDIATICINO study. Self-reported mental health

measures included somatic symptoms, inattention, anxiety, irritability, anger,

sleep problems, obsessive-compulsive symptoms, loneliness, and depression.

Measures for screen-media activities included time spent on the Internet,

smartphones, social media, video gaming, instant messaging, and television

viewing. They were all assessed at T1 and T2.

Results: Paired-sample t-tests with Bonferroni’s correction showed that

most mental health problems increased over time with an overall medium

e�ect size (Hedge’s g = 0.337). In particular, medium e�ect sizes were

found for anxiety, depression, and inattention; small-to-medium e�ect sizes

were reported for loneliness, sleep problems, and obsessive-compulsive

symptoms; and a small e�ect size was found for somatic symptoms. Screen-

media activities increased, with the exception of television viewing and video

gaming. The results of the hierarchical regression analyses showed that,

controlling for covariates, increased time spent on social media – calculated

as the di�erence between T2 and T1 – was the only screen-media activity

significantly associated with worse mental health at T2 (β = 0.112, p = 0.016).

More time spent in structuredmedia activities like television viewing diminished

levels of inattention (β =−0.091, p= 0.021) and anxiety (β =−0.093, p= 0.014).

Among covariates, being female, experiencing two or more life events, having

mental health problems at T1, and using screens for homeschooling negatively

influenced mental health at T2.
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Conclusion: These results align with literature indicating a small but negative

e�ect of social media time on mental health. Underlying mechanisms are

manifold, including increased exposure to COVID-19 news, heightened fear

of missing out, social comparison, and time-displaced for activities such

as physical activity and green time. However, in line with the structured

days hypothesis, getting involved in media-structured activities like television

viewing might protect against mental health symptoms.

KEYWORDS

screen time, social media, mental health, COVID-19, lockdown, longitudinal, natural

experiment, adolescents

Introduction

On March 11, 2020, the WHO declared COVID-19 a

worldwide pandemic (1). Within a few weeks, countries

around the globe, including Switzerland, adopted a nationwide

lockdown as one of the most drastic containment measures to

counter the spread of the disease. For adolescents, the measures

included school closure, the interruption of all extracurricular

activities such as sports and music lessons, and strict social

distancing from contacts outside their own households. By

June 2020, the lockdown in Switzerland was lifted, and schools

moved to hybrid formats of in-person and online lectures.

Yet, in-person extracurricular activities remained forbidden

and social distancing measures were highly recommended. The

disruption of adolescents’ everyday life and social contacts has

profoundly impacted their wellbeing and mental health (2–

7), especially considering that adolescence is a developmental

period withmany challenges. The challenges include discovering

and understanding of own identity, establishing a sense of

independence, forming important close and intimate relations,

and achieving important goals or decisions for the future (8).

Biologically, brain regions undergo significant changes (9, 10).

Adolescence is a period of higher vulnerability and propensity

to carry out risk-taking as well as reward-oriented and novelty-

seeking behaviors (11), especially if a social component is

involved (12). The gradual development of the cognitive-

control system helps to augment adolescents’ capacity to self-

regulate their behaviors, particularly their emotions (13, 14).

This stage of life is also the most common time for the onset of

psychological difficulties, including externalizing (e.g., conduct

disorder, substance use, and abuse) and internalizing (e.g.,

depression, anxiety) problems. Indeed, half of the mental health

disorders with long-lasting effects start in mid-adolescence (15–

17), which overlaps with the age of the heaviest digital media

use (18).

Numerous systematic reviews and meta-analyses have

reported an increase in mental health problems such as

depression, stress, anxiety, loneliness, and attention problems

during the COVID-19 pandemic in adolescents (3, 6, 7, 19–33).

In particular, Catling et al. (21) underlined how stress

represented an essential factor that mediates the increase in

depression and anxiety (34). Other factors related to lower

mental health included, among others, school closures and

the associated disruption of daily routines (35), changes in

lifestyle behaviors such as sleep, physical activity, nutrition,

and substance use (36, 37), lack of social contact, especially

with peers (38), conflict with parents and domestic violence

(3, 39), and (excessive) screen time (6, 40, 41). The latter is of

particular interest since a more nuanced look at the effects of

screen time revealed that it was not bad per se, but its effects

depended on the type of screen-media activities. For example, a

systematic review and meta-analysis of 30 studies (41) revealed

that social media use mitigated feelings of loneliness and stress

during the pandemic when its use included one-to-one or one-

to-few communications (e.g. VoIP apps such as Skype, Viber,

WhatsApp), and when online disclosure was promoted in the

context of reciprocal friendships. In addition, positive feedback

and communication, including humor, augmented feelings of

social connection and happiness. On the other hand, one-to-

many communication in the form of browsing through other

users’ social media profiles or websites was associated with

worse mental health as users experienced, among others, fear of

missing out (FoMO), a tendency to ruminate and distress due to

being repeatedly exposed to an overload of negative information

about the pandemic (41). There was a three-fold increase in

mental health symptoms when social media time augmented

drastically (e.g., 3 h) with respect to the pre-pandemic period,

and symptoms were worse in adolescents already experiencing

mental health problems. Additionally, screen time – when not

related to social activities – was associated with lower social

wellbeing, including less perceived social support and a higher

feeling of loneliness (41).

The above-mentioned review has furthermore revealed that

many of the included studies, 24 out of 30, used a cross-

sectional design, thus limiting conclusions on the actual effect

of screen-media use on adolescents’ mental health. The six

longitudinal studies showed mixed results but also differed

regarding the study design, observed time period, and screen
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time measurement. For example, a day-by-day assessment over

2 weeks during the lockdown identified increased levels of

social media use and television viewing while gaming remained

relatively stable (42). Furthermore, applying a week-by-week

assessment for 3 weeks during the lockdown. Furthermore,

Fumagalli et al. (43) found that social networking and VoIP

app usage increased during the lockdown. Looking at the

different type of screen-media activities, this study with weekly

assessments found that social networking app use was positively

associated with loneliness in the subsequent week (43). Yet

another study on 844 Swiss children and adolescents, screened

monthly over 5 months – between Autumn 2020 and Spring

2021 after strict lockdown measures were lifted – found stable

levels of electronic device use within children and adolescents

(44). Although participants spent an average of 2 h and 40min

of leisure screen time at each time point, adolescents aged

15 or older were the ones spending more time, with an

average of 4 h and 20min. With respect to the development

of mental health problems, a study with two assessments,

including 1,64,101 Chinese college students at the onset of

the pandemic and 68,685 participants about 2.5 months later,

showed that acute stress diminished, whereas depressive and

anxiety symptoms augmented. To note, social media exposure

was a risk factor for mental health problems, especially when

participants spent more than 3 h per day on social media

platforms (45). Furthermore, the authors found a positive effect

of social media use on stress and anxiety symptoms (45).

Also Rosen et al. (46) found no effect of screen time and a

negative effect of news consumption on internalizing symptoms

among adolescents.

The abovementioned longitudinal studies lacked an accurate

baselinemeasure before the pandemic’s onset. Of course, nobody

could have expected the COVID-19 pandemic, and only a

few longitudinal studies that had already started before the

pandemic could collect follow-up data, thus becoming “natural

experiments” and providing a comprehensive picture of what

has changed with the emergence of a life-changing event of

this scale. Available natural experiments with screen time data

collected in young people stemmed from Germany (47, 48),

China (49), and Australia (50). For example, drawing from 1711

4- to 17-year-olds, Schmidt et al. (47) revealed an increase in

television viewing, gaming, and recreational Internet use during

the lockdown in Germany compared to the pre-pandemic

assessment, especially in the adolescent group. However, the

study did not include measures of mental health. Another

study, using the same panel data from Germany, found an

increase in screen time among adolescent girls and boys and a

decrease in health-related quality of life, capturing both physical

and psychological wellbeing indicators. However, pre-pandemic

screen time did not influence the negative changes in health-

related quality of life, which was mainly predicted by previous

levels on the same variable (48). Xiang et al. (49) surveyed

2426 children and adolescents aged 6 to 17 years between

January and March 2020 (immediately before and during the

first lockdown in China). The authors reported an increase

from 7 to 31% of children and adolescents with long leisure

screen hours (defined as more than 2 h per day). However,

also in this case, no data on mental health were reported.

Finally, Magson et al. (50) collected data on 248 Australian

adolescents aged 14 years. They found a significant increase

in depression and anxiety and a decrease in life satisfaction

from before the pandemic to 2 months into the pandemic

with a modest effect size (from 0.2 to 0.6 standard deviations).

Media exposure measures included traditional and social media

use. In particular, television viewing and newspaper reading

about COVID-19 had a negative relationship with changes in

anxiety, and no relationship with changes in depression and life

satisfaction, whereas social media exposure during the lockdown

was unrelated to changes in mental health outcomes.

Overall, there are two main shortcomings of the

abovementioned natural experiments: (i) they considered

a comparably short time frame of a few weeks into the

pandemic, thus lacking evidence on long-term changes in

screen-media activities and mental health; (ii) three of the four

studies looked at changes in screen time in relation to other

variables than mental health (like physical activity) and only one

(50) looked at the bidirectional associations between changes

in mental health and screen time measures (although the latter

was limited to overall traditional and social media exposure).

In the present natural experiment, we aimed to investigate the

long-term effects of the COVID-19 pandemic, over 1 year, on

adolescents’ mental health by using longitudinal data collected

before and after the lockdown in Switzerland. In particular,

we wanted to estimate how adolescents’ mental health and

screen-media use changed from Spring 2019 to Autumn 2020

and (ii) how changes in screen-media use at T1 influenced

adolescents’ mental health in Autumn 2020. The study leverages

the unforeseen COVID-19 pandemic that emerged during an

ongoing longitudinal study with adolescents in Switzerland.

Methods

Study design and sample

For the current paper, we drew on data collected in

spring 2019 (wave 6) and autumn 2020 (wave 7), following

labeled as “T1” and “T2”, of the MEDIATICINO prospective

cohort study (www.mediaticino.usi.ch). The study started in the

spring of 2014 with a cohort of 9- to 10-year-old students in

elementary schools randomly selected across the entire Canton

Ticino, Southern Switzerland. In 2020, participants entered

high schools, and additional students were randomly invited

to compensate for drop-outs. The study sample represents

approximately one-third of the entire underlying population of

that age in Switzerland. They have been followed up once a
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year through the middle and high school years. Data for each

wave were collected through a paper-and-pencil questionnaire

distributed by teachers at school and matched with the help

of a unique identifier, which was assigned to each student

by the regional education administration. This procedure

assured anonymity during data collection and analysis. Ethical

approval of the study was received by the regional education

administration. For further information on the study design, see

also Camerini et al. (51).

Of the distributed questionnaires (n = 1391 at T1 and n

= 1476 at T2), schools returned 1224 at T1 (88%) and 1088 at

T2 (74%). The main reasons for sample attrition were students

being absent from school during the day of data collection,

school dropouts, or moving to another Swiss Canton or country.

When matching participants from T1 and T2, n = 575 did not

participate in both waves or had more than 10% missing data

of the included variables. Two participants were removed due

to outlier data defined as z-scores > |−3.5| on the continuous

variables (52).

Measures

Measures were translated from English into Italian when

necessary, and independent back-translation was performed to

assure linguistic validity. A complete list of items and response

options can be found in Supplementary Table 1. Means and

standard deviations for each concept at each measured wave are

summarized in Table 1.

Mental health

Mental health was measured at T1 and T2 with an adapted

version of the Diagnostic and Statistical Manual of Mental

Disorders, Fifth Edition (DSM-5) Self-Rated Level 1 Cross-

Cutting Symptom Measure for children aged 11–17 yrs. This

checklist asks if, in the past month, participants experienced

psychopathological symptoms on a scale from 1 to 5, where 1

= never (none), 2 = rarely (slight), 3 = several days (mild),

4 = more than a half of days (moderate), and 5 = almost

every day(severe). Symptoms included somatic symptoms (1

item), inattention (3 items), anxiety (2 items), irritability (1

item), anger (1 item), sleep problems (3 items), and obsessive-

compulsive disorder (OCD) symptoms (1 item). Multi-item

indicators were averaged to obtain one score for each symptom

(inattention αT1= 0.791, αT2= 0.807; anxiety rT1= 0.656, rT2=
0.683; sleep problems αT1= 0.690, αT2= 0.618). Higher values

indicate higher levels of mental health problems.

Loneliness

Loneliness was measured at T1 and T2 with the 3-item

version of the UCLA Loneliness Scale recommended for large

population-based surveys (53). Items were measured on a scale

from 1= never to 4= always (αT1= 0.752, αT2= 0.729).

Depression

Depression was measured at T1 and T2 with seven items

from the Center for Epidemiologic Studies Depression Scale

[CES-D; (54)]. Items were measured on a scale from 1 = not

at all to 4= a lot (αT1= 0.911, αT2= 0.918).

Screen-media activities

Screen-media activities were measured at T1 and T2 as time

spent in different online activities on “a typical school day” and

on “a typical weekend day”. Response options were 0 = never,

1 = up 0.5 h, 2 = 0.5 h−1h, 3 = 1–1.5h, 4 = 1.5–2h, 5 = 2–3h,

6 = 3–4h, 7 = 4–5h, and 8 = 5h or more. Activities included:

Internet use, smartphone use, social media use, video gaming,

instant messaging, and television viewing. For each activity,

we calculated a weighted average of daily use by applying the

formula [(screen-media activity on a weekday∗5+ screen-media

activity on a weekend day∗2)/7)]. In addition, we created an

overall screen time measure by calculating an average of the six

weighted averages (αT1= 0.817, αT2= 0.737).

Covariates

Covariates assessed at T1 included gender coded as 0=male

and 1 = female. At T2, we assessed the current subjective socio-

economic status (SES) measured with the single item “How

would you evaluate the financial situation of your family?” on

a scale from 0 = very wealthy to 4 = definitely not wealthy.

For further analyses, answers were categorized as 0 = wealthy

or very wealthy and 1 = not wealthy or definitely not wealthy.

In addition, we assessed the experience of life events. These

included parents’ divorce, a parent with a new partner, a parent’s

loss of his/her job, a family member who had deceased or had

severe disease, the worsening of a significant relationship, or any

other important negative life events. For each of these events,

participants reported if it happened to them during the past year,

coded as 0 = no and 1 = yes. We categorized all events into 0

= none, 1 = one, and 2 = two or more two life events for the

analyses. Also, we controlled for the at-home living situation in

2020 by asking the following question: “Who is living at home

with you?”. Answer options, coded as 0 = not present and 1

= present, included mother, father, older sibling(s), younger

sibling(s), mother’s partner, father’s partner, grandparents, and

others. We summed up the answers by creating two categories

0 = one or two other people and 1 = three or more other

people. Finally, we controlled for the time spent on screens for

homeschooling by asking participants, “In general, how often

do you use the following device (laptop/smartphone/tablet) for
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TABLE 1 Means, standard deviations, and paired-samples t-tests results.

Variables Before COVID-19

lockdownM(SD)T1

After COVID-19

lockdownM(SD)T2

t df P-value Hedges’ g

Psychopathological symptoms

Depression 0.72 (0.71) 1.07 (0.82) 10.189 668 <0.001 0.394

Loneliness 2.19 (0.79) 2.37 (0.77) 5.374 669 <0.001 0.207

Inattention 2.24 (0.85) 2.54 (0.93) 7.779 668 <0.001 0.301

Sleep problems 2.29 (0.98) 2.51 (0.95) 5.528 668 <0.001 0.214

Anxiety 2.33 (1.07) 2.91 (1.18) 12.099 667 <0.001 0.468

Somatic problems 2.47 (1.08) 2.57 (1.03) 2.245 667 0.025 0.087

Irritability 2.34 (1.14) 2.41 (1.11) 1.271 661 0.204 0.049

Anger 1.83 (1.02) 1.87 (1.07) 0.687 662 0.492 0.027

Obsessive-compulsive disorder 2.10 (1.15) 2.37 (1.22) 4.668 660 <0.001 0.181

Overall mental health problems 2.05 (0.67) 2.29 (0.68) 8.76 673 <0.001 0.337

Screen-media activities

Internet use 4.16 (1.85) 4.83 (1.77) 8.442 651 <0.001 0.330

Smartphone use 4.08 (1.86) 4.71 (1.73) 8.395 659 <0.001 0.327

Messaging 2.76 (1.89) 2.99 (1.77) 3.118 660 0.002 0.121

Video gaming 1.55 (1.95) 1.36 (1.74) −2.812 660 0.005 −0.109

Social media use 3.04 (1.95) 3.31 (1.67) 3.560 659 <0.001 0.139

Television viewing 2.61 (1.77) 1.73 (1.50) −10.784 640 <0.001 −0.426

Overall screen time 3.03 (1.37) 3.15 (1.12) 2.547 673 0.011 0.098

Social screen time (excl. video

gaming, television viewing)

3.50 (1.66) 3.95 (1.53) 7.407 674 <0.001 0.285

homeschooling?”. Answers options ranged from 1 = never to 5

= always.

Analytical plan

First, we described the levels of cross-cutting mental health

symptoms, loneliness, depression, and screen-media activities

before and after the COVID-19 lockdown in Switzerland.

Second, after checking that data were normally distributed

according to the values of skewness and kurtosis, we estimated

howmental health changed over time by running paired-sample

t-tests to compare mental health symptoms, loneliness, and

depression between T1 and T2. A Bonferroni correction was

applied to ensure that possible differences were not due to

chance. To better interpret the magnitude of the difference

between pre- and post- COVID-19 lockdown assessments, we

computed Hedge’s g as a measure of effect size. The magnitude

of the effect was interpreted as small = 0.10, mediuM = 0.30,

and large = 0.50 effect (55). Third, we computed a difference

index of screen-media activities (1T2−T1), i.e., subtracting the

time spent on screen media of T1 from T2. Thus, positive

values in the 1 index indicate increased time spent with screen

media from T1 to T2. We computed 1 indices for each screen

media activity and overall screen time. Fourth, we computed

bivariate Pearson’s correlation coefficients for all measures (see

Table 2). Fifth and last, we ran hierarchical regression analyses

with mental health at T2 as the outcome by adding a new block

of predictors at each step, in addition to the baseline model

with only covariates (Model 1), including gender, life events,

subjective SES, the at-home living situation at T2, and the use

of screens for homeschooling at T2. In particular, mental health

at T1 was further added as a predictor in Model 2, and the

1 indices in screen-media activities were additional predictors

in Model 3. To avoid problems of multicollinearity, a model

including covariates, overall mental health problems at T1, and

the 1 index for overall screen time was run separately (Model 4;

see Table 3).

Results

The final analytical sample was composed of 674 Swiss

adolescents, 56.7% (n = 382) females, with a mean age of 14.45

years at T1 (SD = 0.50). At T2, most of them reported being

wealthy or very wealthy (n = 410, 60.8%). Also, 301 students

(44.7%) reported having not experienced any life event, whereas

173 (25.7%) and 190 (28.2%) indicated having experienced one

and two or more life events, respectively. In particular, the

worsening of a significant relationship was the most reported
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one (31.8%). Concerning the at-home living situation, 31.5%

of participants reported living with one (6.2%) or two (25.2%)

other people, and the remaining adolescents with three (59.2%)

or more (9.4%). Both the laptop (M = 3.45, SD = 1.07) and the

smartphone (M = 3.49, SD = 1.16) were used quite often for

homeschooling, whereas the tablet was used less for this aim (M

= 1.66, SD= 1.10).

The results of the paired-sample t-tests showed that most

mental health problems increased from T1 to T2 (see Table 1

and Figure 1) with an overall medium effect size (g = 0.337).

In particular, medium-to-large effect sizes were reported, in

descending order, for anxiety (g = 0.468), depression (g =

0.394), and inattention (g = 0.301); small-to-medium effect

sizes were found for sleep problems (g = 0.214), loneliness (g

= 0.207), and OCD symptoms (g = 0.181); and small effect

size for somatic problems (g = 0.087), although the latter was

not significant when Bonferroni’s correction was applied (p <

0.005). No differences were found with respect to irritability

and anger.

Pairwise comparisons further showed that screen-media

activities increased, except for television viewing and video

gaming, which decreased from the pre-lockdown to the post-

lockdown assessment (see Table 1 and Figure 2). In particular,

a medium effect was found for Internet use (g = 0.330) and

smartphone use (g = 0.327), whereas a small effect was found for

social media use (g = 0.139) and instant messaging (g = 0.121).

Television viewing decreased with a medium-to-large effect (g=

–0.426), whereas videogaming decreased with a small effect (g =

−0.109) in the same direction. All differences were statistically

significant, even after applying Bonferroni’s correction (p <

0.007). Overall screen time augmented with a small effect size (g

= 0.098). However, when TV viewing and videogaming (which

decreased) were excluded from overall screen time, changes in

screen time were of medium size (g = 0.285). Thus, we opted to

use the latter measure of screen time as more representative of

online activities, and we further referred to this overall average

of time spent on the Internet, social media, messaging and on

the smarpthone as “social” screen time.

The correlation table (see Table 2) shows that mental health

problems at T1 were positively related tomental health problems

at T2, but negatively related to the difference indices of all

screen-media activities with the exception of videogaming.

Conversely, mental health problems at T2 positively correlated

with gender (i.e., being female), the frequency of screen time

for homeschooling, the number of life events, and negatively

with television viewing. The results of the hierarchical regression

analyses (see Table 3) show that the final model with single

screen-media activities (Model 3) accounted for 32.6% of the

variance in mental health problems at T2. At each step, a

significant proportion of the variance was explained. InModel 1,

with covariates as the only predictors, being female (β = 0.181, p

< 0.001) and having experienced one (β = 0.263, p< 0.001), two

(β = 0.262, p < 0.001) or more (β = 0.453, p < 0.001) negative
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TABLE 3 Hierarchical regression results with Mental health problems at T2 as outcome.

Model 1 Model 2 Model 3 Model 4

B (SE) Beta P-value B (SE) Beta P-value B SE Beta P-value B (SE) Beta P-value

(Constant) 1.505 0.120 0.000 0.866 0.128 <0.001 0.806 0.127 <0.001 0.865 0.122 <0.001

Gender (1= female) 0.359 0.052 0.263 <0.001 0.246 0.050 0.180 <0.001 0.264 0.050 0.193 <0.001 0.226 0.047 0.163 <0.001

Life events at T2 (n= 1) 0.262 0.064 0.168 <0.001 0.199 0.060 0.127 <0.001 0.216 0.059 0.138 <0.001 0.226 0.056 0.145 <0.001

Life events at T2 (n ≥ 2) 0.453 0.063 0.304 <0.001 0.337 0.059 0.226 <0.001 0.343 0.059 0.230 <0.001 0.309 0.056 0.204 <0.001

Subjective SES at T2 (1= not

wealthy)

0.018 0.054 0.013 0.738 0.016 0.050 0.011 0.751 0.016 0.050 0.011 0.748 −0.018 0.047 −0.013 0.694

At-home living situation at T2 (1=

with 3 or more other people)

0.092 0.056 0.064 0.097 0.102 0.051 0.071 0.046 0.099 0.051 0.069 0.051 0.069 0.049 0.046 0.163

Use of screens for home schooling

at T2

0.111 0.035 0.119 0.002 0.105 0.033 0.113 0.001 0.095 0.033 0.102 0.004 0.094 0.031 0.100 0.003

Overall mental health problems at

T1

0.372 0.037 0.371 <0.001 0.390 0.037 0.389 <0.001 0.401 0.036 0.394 <0.001

Internet use1T2−T1 −0.006 0.016 −0.017 0.715 – – – –

Smartphone use1T2−T1 0.007 0.018 0.019 0.699 – – – –

Messaging1T2−T1 0.015 0.016 0.041 0.364 – – – –

Video gaming1T2−T1 −0.020 0.015 −0.050 0.171 – – – –

Social media use1T2−T1 0.041 0.017 0.112 0.016 – – – –

Television viewing1T2−T1 −0.023 0.012 −0.069 0.053 – – – –

Overall social screen time1T2−T1 0.036 0.015 0.083 0.014

R2 0.188** 0.311** 0.326** 0.301**

**p <0.01. 1T2−T1 = difference index between T2 and T1 (SE)= standard error.
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FIGURE 1

Mental health before and after the COVID-19 lockdown in Switzerland. Means and standard deviations are shown.

FIGURE 2

Daily duration of screen-media activities before and after the COVID-19 lockdown in Switzerland. Means and standard deviations are shown.

life events, and the frequency of using screens for homeschooling

(β = 0.119, p = 0.002) significantly predicted higher levels of

mental health problems at T2. Subjective SES did not show a

significant effect, neither did the at-home living situation. In

Model 2, overall mental health problems at T1 significantly

predicted themselves at T2 (β = 0.371, p < 0.001). Significant

predictors in Model 1 remained significant in Model 2. In Model

3, including difference indices in screen-media activities, one

further significant effect was found: Increased time spent on

social media (β = 0.112, p = 0.016) was associated with worse
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mental health at T2. When single screen-media activities were

substituted with overall social screen time (i.e., Internet, use,

social media use, messging, and smartphone use; Model 4), the

effect on mental health problems at T2 was positive but small (β

= 0.083, p= 0.014), and themodel explained 30% of the variance

in the outcome.

In further linear regression analyses replicating previous

models, we examined the impact of changes in screen-media

activities and overall screen time on specific mental health

symptoms that significantly worsened from the pre-lockdown

to the post-lockdown assessment (see Supplementary Tables 2–

7). We thus excluded somatic problems, irritability, and anger,

which did not change from T1 to T2. Controlling for covariates,

increased time spent on social media significantly and positively

predicted depression (β = 0.143, p = 0.004) and inattention

(β = 0.133, p = 0.011) at T2. With these two exceptions,

social media use did not predict other mental health symptoms.

However, the more time adolescents spent viewing television,

the lower were their levels of inattention (β = −0.091, p =

0.021) and anxiety (β =−0.093, p= 0.014). On the other hand,

augmented time spent on video games predicted less depressive

symptoms (β = −0.081, p = 0.037), sleep problems (β =

−0.085, p = 0.035), and OCD symptoms (β = −0.096, p =

0.024). None of the screen-media activities showed an influence

on loneliness. However, when overall social screen time was

entered in the analyses, it positively predicted loneliness (β =

0.109, p = 0.002), depressive symptoms (β = 0.085, p = 0.037),

and inattention (β = −0.075, p = 0.042). With respect to the

covariates, gender (being female) and having experienced two

or more life events had a significant effect on all symptoms.

However, attention problems were not predicted by gender, and

only having experienced more than two life events positively

influenced this outcome. Interestingly, the use of screens for

homeschooling had a positive and significant effect on specific

mental health symptoms, such as anxiety (β = 0.122, p= 0.001)

and OCD symptoms (β = 0.096, p= 0.019). The at-home living

situation did not influence any of the outcomes, neither did

subjective SES.

Discussion

In the present study, we investigated the long-term effects

of the COVID-19 pandemic in Switzerland on adolescents’

mental health by conducting a natural experiment including

longitudinal data collected before and after the lockdown. In

particular, we estimated how adolescents’ mental health changed

from Spring 2019 to Autumn 2020, and how overall screen

time and specific screen-based activities predicted adolescents’

mental health throughout this 1.5-year time period. The present

study revealed four major findings.

First, and not surprisingly, adolescents’ mental health

worsened over time, with a particular increase in internalizing

problems such as anxiety and depression, but also inattention,

which showed medium to large effect sizes. This result is in line

with a systematic review (6) that included 61 articles for a total

of 54,999 children and adolescents, showing that anxiety and

depressive symptoms were the most reported problems since

the COVID-19 outbreak and associated containment measures

i.e. lockdowns, closure of schools and workplaces as well as

distancing measures, especially in females and adolescents. Peer

relationships during adolescent years are of great importance

since this developmental period is characterized by a high need

of social interaction and interpersonal relationships outside

the family to develop personal identity. The interruption of

in-person schooling and recreational events likely increased

feelings of anxiety and depression and augmented general

mental health problems. Additionally, we should consider

that the onset of internalizing problems increases as children

transition into adolescence (16). Hence, the experience of a

stressful life event like the COVID-19 lockdown during Spring

2020 might have increased the likelihood to develop mental

health problems, especially in adolescents due to reduced

resilience and coping skills, which usually develop during

adulthood thanks to the maturation of specific brain regions

(56). Also, parental stress and family conflict could have

modulated adolescents’ stress response and, consequentially,

their levels of anxiety and depression during the lockdown

(23, 57). Parents’ perception of COVID-19 has been found

to be related to their children’s psychological symptoms,

and when family living situation during the lockdown was

problematic, adolescents tended to show more emotional

problems. Furthermore, inattention increased over time. This

result is in line with another study carried out by Orgilés et al.

(57), who investigated the emotional impact of quarantine on

adolescents living in two of the European countriesmost affected

by COVID-19: Italy and Spain. The authors reported that 76.6%

of the sample experienced symptoms such as difficulties in

concentrating. This may be mainly due to the disruption of daily

routines and the change to homeschooling. However, symptoms

of inattention including fatigue and cognitive impairment might

also be long-term consequences of infections with the COVID-

19 virus (58). However, as we did not assess if they have been

infected from COVID-19 during that period, the interpretation

of this result is limited.

The second main result is that most screen-media activities

increased. Internet and smartphone use showed the highest

increment between Spring 2019 and Autumn 2020, with an

average leisure time spent on them between 2.5 and 3 hours

per day, followed by social media use and messaging. Several

studies have indicated increased time spent on screen media

during COVID-19 (16, 56). Our result is also in line with another

Swiss study that analyzed data from before the pandemic. Using

a repeated cross-sectional design, the study showed the highest

increment in time spent on online activities in the last 10 years

in Switzerland (18). The COVID-19 pandemic accelerated this
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trend. In the US, early in the COVID-19 pandemic, adolescents’

average daily screen time was 7.70 hours per day, whereas

pre-pandemic estimates were lower (3.8 hours per day) (59).

However, time spent watching television and video gaming

decreased in our sample. This result might also be due to the

way questions were formulated. For many students, watching

TV has been mainly replaced by watching online videos or films

or series on streaming platforms such as Netflix and Amazon

Prime (which we did not ask). Also, playing video games can

be interpreted in many ways, since these days online games

also include a social component – for which players are usually

continuously connected to each other – but classic video games

(as the ones the question refers to) lack that component.

Third, when looking at how differences in screen-media

activities impacted mental health symptoms after the COVID-

19 lockdown, only social media use showed a positive effect,

i.e., adolescents reporting to have increased their time spent on

social media use after the onset of the pandemic also showed

more frequent symptoms of mental health problems. This result

is in line with previous literature indicating small but negative

effects of social media use on mental health (e.g., for reviews of

reviews) (33, 54, 58–62). Underlying mechanisms are manifold.

Social comparison and envy might have been heightened by

spending more time on social media (63). Likewise, screen time

might have displaced time spent on offline activities such as

physical activity and green time that proved to be beneficial for

adolescents’ mental health (44, 64). Heavy social media use has

also been related to a (maladaptive) emotional coping process

to escape from negative emotions, especially in response to

environmental stressors (65–67). Additionally, the exposure to

COVID-19-related news augmented stress by increasing feelings

of FoMO (e.g., with respect to COVID-19-related news and

updates or about other people’s whereabouts) and fostering

rumination (41). Despite significant concerns about COVID-

19, adolescents might also have other everyday-life worries

and issues that did not end with the pandemic but probably

increased, thus fueling feelings of anxiety and depression

(68). However, greater time spent on watching television and

video gaming was related to less mental health problems. One

explanation could be that, for example, watching television is

an activity that adolescents might carry out together with other

family members in a specific space, e.g., in the living room, and

time determined by broadcasters’ TV programming schedule.

Hence, it is more routinized, and it might give them a structured

time of consumption of media contents. Routined activities were

found to be beneficial for health outcomes in a context where

any kind of structure has been lost (69, 70). Indeed, according

to the structured days hypothesis, a “pre-planned, segmented,

and adult-supervised compulsory environment plays an overall

protective role” (p. 2, 69) against the occurrence of negative

health outcomes (including obesogenic activities like long time

spent in front of screens). Also, according to a review and meta-

analysis (69), screen time is less healthy on less structured days.

In addition, the positive aspect of video gaming could be mainly

related to entertainment reasons but also to the possibility to

completely detach from COVID-19-related news and worries

and find momentary relief in the gaming space. In fact, although

escaping from negative emotions is a criterion used to diagnose

Online gaming disorder, it can also be interpreted as a problem-

oriented coping mechanism, which aims to change stressful

situations, or as an avoidance strategy, which aims to orient away

from the stressful situation (71). In this regard, video gaming

could have facilitated coping strategies, which already exist

without screen media, or it could stand as a new coping strategy

itself, thus belonging to a different dimension that should be

further conceptualized – especially in the context of life events

like a pandemic. That is particularly relevant for the adolescent

period, during which young people are still developing their

coping styles (72).

Last, among covariates, being female was a consistent risk

factor for developing mental health problems. From a biological

viewpoint, girls at that age are more at risk of internalizing

problems like depression (73, 74) as they tend to produce

an increased cortisol response to stressful events (75), and

pubertal hormone changes, e.g., estradiol, are also associated

with mental health problems in girls (76). Girls carrying the

short 5-HTTLPR allele (77), a genetic variant associated with

various mood and anxiety problems (78), react differently

with respect to males (79) to environmental (social) stress

factors, thus they are at higher risk for depressive symptoms.

From the socio-cultural viewpoint, female adolescents show

higher interpersonal dependence, more self-image and self-

esteem concerns, and a higher need for external approval and

success (80). Also, the experience of two or more life events

– in addition to the COVID-19 lockdown in Spring 2020 –

was related to worse mental health outcomes in Autumn 2020.

This should be considered in the context of the adolescent

development period, during which the hypothalamic-pituitary-

adrenal axis (responsible for the biological response to stress

through the release of cortisol) is still maturing and adapting

to the current environment, and stress response is repeatedly

heightened with respect to adulthood (81). We should recall that

almost 32% of adolescents in our sample reported the worsening

of a significant relationship since the onset of the pandemic.

Although we do not know which relationship in particular

worsened, we know from other studies that the lockdown

increased parent-child conflict as family members were confined

to oftentimes small spaces and had less room for privacy,

which is particularly important during adolescence (82, 83). In

addition, it is likely that heightened stress experienced by parents

due to the COVID-19 pandemic negatively impacted the parent-

adolescent relationship (84). Furthermore, intimate friendships

and romantic relationships were put to the test due to strict

social (physical) distancing measures during the early lockdown

in Switzerland. Eventually, the use of digital devices, especially

laptops and smartphones, for homeschooling revealed a negative
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influence on two specific mental health problems: anxiety and

OCD symptoms. School is a crucial component in sustaining

adolescents’ physical, emotional, social, and moral development,

however, according to our results, the use of digital devices in

this context contributed to the spread of anxiety and worry, and

this may be due to the fact that neither schools nor students

were prepared for online or hybrid forms of schooling. This

lack of preparedness likely increased uncertainty and anxiety,

especially in the first year high school characterized by new

school structures, classmates, and teachers, during which our

sample had to face the early phases of the COVID-19 pandemic.

Limitations and future directions

Some methodological limitations should be acknowledged.

Given the topical variety of the larger longitudinal study from

which the data were taken, we did not include any measure

referring to the COVID-19 pandemic, e.g., COVID-19-related

stress or infection with the virus. Additionally, some screen-

media activities, like watching television or video gaming,

were formulated in a way that no longer captures the actual

consumption of mostly online media content. For example, we

did not consider other related activities like streaming or staying

socially connected while using online video games. In addition,

we did not measure specific activities and processes such as

social comparison or FoMO as potential mechanisms between

significant relationships. Hence, further (longitudinal) studies

should implement more information about the context and a

more detailed screen-media assessment (85). Similarly, we did

not assess the subjective SES in a comprehensive way. According

to the social determinat approach to health outcomes (86),

more information on the socio-economic status, community,

and societal characteristics should be collected. In addition,

our sample might not be representative of the more vulnerable

and underprivileged populations (e.g. under-represented races

and ethnicities, lesbian, gay, bisexual, transgender & queer

(LGBTQ) communities), thus contributing to what has been

called “data absenteeism” during the COVID-19 pandemic,

defined as “absence or limits of data on groups experiencing

social vulnerability” [p. 208, (87)]. Hence, we suggest that

future studies focus on the “hardly reached” populations. At the

same time, although we included a comprehensive assessment

of mental health, some symptoms that the pandemic might

exacerbate were not investigated, for example, the presence

of eating disorders, suicidal ideation, psychotic symptoms,

post-traumatic stress disorder, and mania. Furthermore, the

present cohort of students does not extend to other age

groups, which showed differential effects of social media use

(88). Although the dropout of participants was mainly due

to the change of school (from middle to high school), it is

possible that some students dropped out because they were

particularly suffering the consequences of the pandemic in

the post-lockdown assessment. Finally, we did not consider if

there were any students with special educational needs and

disabilities and/or neurodevelopmental disorders that might

have experienced more psychological stress since they prefer

routine and predictable environments (6). Challenges of remote

learning are especially difficult for disadvantaged and minority

families and likely augmented social and economic disparities

since young people remain left behind in their education (89).

Hence, future studies should better consider specific disabilities

in studying the consequences of screen media on mental health

during COVID-19.

Conclusion

Mental wellbeing in adolescents significantly decreased

from the pre-pandemic to the post-lockdown period in

Switzerland. At the same time, screen-media activities with

a social component, such as smartphone use, social media

use, messaging, and Internet use, increased. The increase

in social media use was significantly associated with worse

mental health in the post-lockdown period, even after

controlling for other significant predictors, including mental

health before the onset of the COVID-19 pandemic, being

female, the presence of at least one life event on top of the

pandemic, the at-home living situation, and the use of screen

media for homeschooling. These findings shed light on the

impact of the early phases of the COVID-19 pandemic on

adolescents, who are in a crucial developmental period and

particularly vulnerable, thus requiring more attention both

among researchers and policymakers.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary materials, further

inquiries can be directed to the corresponding author.

Ethics statement

Ethical review and approval were not required for

the study on human participants in accordance with the

local legislation and institutional requirements. However,

the regional education administration of Canton Ticino

and the Ethics Committee of the USI Università della

Svizzera italiana (Switzerland) approved this study design.

Written informed consent from participants’ legal guardian/next

of kin was not required to participate in this study in

accordance with the national legislation and the institutional

requirements. However, consent was implied via completion of

the questionnaire.

Frontiers in Psychiatry 11 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.981881
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Marciano et al. 10.3389/fpsyt.2022.981881

Author contributions

LM and A-LC conceived the project, collected the data,

and provided funding. LM performed the statistical analysis

and wrote the first draft of the manuscript. A-LC, RM,

and KV wrote sections of the manuscript. All authors

contributed to manuscript revision, read, and approved the

submitted version.

Funding

This study was funded by the Swiss National Science

Foundation (Grant Nos. 10001C_175874 and P500PS_202974).

Acknowledgments

We wish to thank the regional education

administration of Canton Ticino and the

participating schools for their collaboration during

data collection.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fpsyt.2022.981881/full#supplementary-material

References

1. WHO. WHO Director-General’s opening remarks at the media briefing on
COVID-19 - 11 March 2020. 2020. Available online at: https://www.who.int/
director-general/speeches/detail/who-director-general-s-opening-remarks-at-
the-media-briefing-on-covid-19 (accessed March 11, 2020).

2. Marques de. Miranda D, da Silva Athanasio B, Sena Oliveira AC,
Simoes-E-Silva AC. How is COVID-19 pandemic impacting mental health
of children and adolescents? Int J Disaster Risk Reduct IJDRR. (2020)
51:101845. doi: 10.1016/j.ijdrr.2020.101845

3. Meade J. Mental health effects of the COVID-19 pandemic on children and
adolescents: a review of the current research. Pediatr Clin North Am. (2021)
68:945–59. doi: 10.1016/j.pcl.2021.05.003

4. Oliveira WA de, Silva JL da, Andrade ALM, Micheli DD, Carlos DM, Silva
MAI. Adolescents’ health in times of COVID-19: a scoping review. Cad Saude
Publica. (2020) 36:e00150020. doi: 10.1590/0102-311x00150020

5. Orben A, Tomova L, Blakemore SJ. The effects of social deprivation on
adolescent development and mental health. Lancet Child Adolesc Health. (2020)
4:634–40. doi: 10.1016/S2352-4642(20)30186-3

6. Panchal U, Salazar de. Pablo G, Franco M, Moreno C, Parellada M,
Arango C, et al. The impact of COVID-19 lockdown on child and adolescent
mental health: systematic review. Eur Child Adolesc Psychiatry. (2021) 18:1–
27. doi: 10.1007/s00787-021-01856-w

7. Panda PK, Gupta J, Chowdhury SR, Kumar R, Meena AK, Madaan P, et al.
Psychological and behavioral impact of lockdown and quarantine measures for
COVID-19 pandemic on children, adolescents and caregivers: a systematic review
and meta-analysis. J Trop Pediatr. (2021) 67:fmaa122. doi: 10.1093/tropej/fm
aa122

8. Steinberg L. Adolescence. 11th Edn. New York, NY: McGraw-Hill
Education (2016).

9. Burnett S, Sebastian C, Cohen Kadosh K, Blakemore SJ. The social
brain in adolescence: evidence from functional magnetic resonance
imaging and behavioural studies. Neurosci Biobehav Rev. (2011)
35:1654–64. doi: 10.1016/j.neubiorev.2010.10.011

10. Larsen B, Luna B. Adolescence as a neurobiological critical period for the
development of higher-order cognition. Neurosci Biobehav Rev. (2018) 94:179–
95. doi: 10.1016/j.neubiorev.2018.09.005

11. Willoughby T, Good M, Adachi PJC, Hamza C, Tavernier R.
Examining the link between adolescent brain development and risk taking
from a social–developmental perspective (reprinted). Brain Cogn. (2014)
89:70–8. doi: 10.1016/j.bandc.2014.07.006

12. Galván A. The teenage brain: sensitivity to rewards. Curr Dir Psychol Sci.
(2013) 22:88–93. doi: 10.1177/0963721413480859

13. Albert D, Chein J, Steinberg L. The teenage brain: peer
influences on adolescent decision making. Curr Dir Psychol Sci. (2013)
22:114–20. doi: 10.1177/0963721412471347

14. Casey BJ, Caudle K. The teenage brain: self control. Curr Dir Psychol Sci.
(2013) 22:82–7. doi: 10.1177/0963721413480170

15. Kessler RC, Amminger GP, Aguilar-Gaxiola S, Alonso J. Lee S. Age of onset
of mental disorders: a review of recent literature. Curr Opin Psychiatry. (2007)
20:359–64. doi: 10.1097/YCO.0b013e32816ebc8c

16. Merikangas KR, He J. ping, BursteinM, Swanson SA, Avenevoli S, Cui L, et al.
Lifetime prevalence ofmental disorders inUS adolescents: results from the national
comorbidity survey replication–adolescent supplement (NCS-A). J Am Acad Child
Adolesc Psychiatry. (2010) 49:980–9. doi: 10.1016/j.jaac.2010.05.017

17. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE.
Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the
national comorbidity survey replication. Arch Gen Psychiatry. (2005) 62:593–
602. doi: 10.1001/archpsyc.62.6.593

18. Süss DD, Waller G, Jael B, Lilian S, Gregor W, Céline K, et al. Rapporto sui
risultati dello studio. JAMES. (2020) 76. Available online at: https://www.zhaw.ch/
storage/psychologie/upload/forschung/medienpsychologie/james/2020/ZHAW_
Rapporto_JAMES_2020_it.pdf

19. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N,
et al. The psychological impact of quarantine and how to reduce it: rapid review of
the evidence. Lancet. (2020) 395:912–20. doi: 10.1016/S0140-6736(20)30460-8

20. Bussières EL,Malboeuf-Hurtubise C,Meilleur A,Mastine T, Hérault E, Chadi
N, et al. Consequences of the COVID-19 pandemic on children’s mental health: a
meta-analysis. Front Psychiatry. (2021) 12:691659. doi: 10.3389/fpsyt.2021.691659

21. Catling JC, Bayley A, Begum Z, Wardzinski C, Wood A. Effects of the
COVID-19 lockdown on mental health in a UK student sample. BMC Psychol.
(2022) 10:118. doi: 10.1186/s40359-022-00732-9

Frontiers in Psychiatry 12 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.981881
https://www.frontiersin.org/articles/10.3389/fpsyt.2022.981881/full#supplementary-material
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19
https://doi.org/10.1016/j.ijdrr.2020.101845
https://doi.org/10.1016/j.pcl.2021.05.003
https://doi.org/10.1590/0102-311x00150020
https://doi.org/10.1016/S2352-4642(20)30186-3
https://doi.org/10.1007/s00787-021-01856-w
https://doi.org/10.1093/tropej/fmaa122
https://doi.org/10.1016/j.neubiorev.2010.10.011
https://doi.org/10.1016/j.neubiorev.2018.09.005
https://doi.org/10.1016/j.bandc.2014.07.006
https://doi.org/10.1177/0963721413480859
https://doi.org/10.1177/0963721412471347
https://doi.org/10.1177/0963721413480170
https://doi.org/10.1097/YCO.0b013e32816ebc8c
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1001/archpsyc.62.6.593
https://www.zhaw.ch/storage/psychologie/upload/forschung/medienpsychologie/james/2020/ZHAW_Rapporto_JAMES_2020_it.pdf
https://www.zhaw.ch/storage/psychologie/upload/forschung/medienpsychologie/james/2020/ZHAW_Rapporto_JAMES_2020_it.pdf
https://www.zhaw.ch/storage/psychologie/upload/forschung/medienpsychologie/james/2020/ZHAW_Rapporto_JAMES_2020_it.pdf
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.3389/fpsyt.2021.691659
https://doi.org/10.1186/s40359-022-00732-9
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Marciano et al. 10.3389/fpsyt.2022.981881

22. Jiloha RC. COVID-19 and Mental Health. Epidemiol Int. (2020) 5:7–
9. doi: 10.24321/2455.7048.202002

23. Longobardi C, Morese R, Fabris MA. COVID-19 emergency: social
distancing and social exclusion as risks for suicide ideation and attempts in
adolescents. Front Psychol. (2020) 11:551113. doi: 10.3389/fpsyg.2020.551113

24. Oliveira JMD de, Butini L, Pauletto P, Lehmkuhl KM, Stefani CM, Bolan
M, et al. Mental health effects prevalence in children and adolescents during the
COVID-19 pandemic: A systematic review. Worldviews Evid Based Nurs. (2022)
19:130–7. doi: 10.1111/wvn.12566

25. Pierce M, Hope H, Ford T, Hatch S, Hotopf M, John A, et al.
Mental health before and during the COVID-19 pandemic: a longitudinal
probability sample survey of the UK population. Lancet Psychiatry. (2020) 7:883–
92. doi: 10.1016/S2215-0366(20)30308-4

26. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S.
Global prevalence of depressive and anxiety symptoms in children and
adolescents during COVID-19: a meta-analysis. JAMA Pediatr. (2021) 175:1142–
50. doi: 10.1001/jamapediatrics.2021.2482

27. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S,
Mohammadi M, et al. Prevalence of stress, anxiety, depression among the general
population during the COVID-19 pandemic: a systematic review and meta-
analysis. Glob Health. (2020) 16:57. doi: 10.1186/s12992-020-00589-w

28. Samji H, Wu J, Ladak A, Vossen C, Stewart E, Dove N, et al. Review: Mental
health impacts of the COVID-19 pandemic on children and youth – a systematic
review. Child Adolesc Ment Health. (2022) 27:173–89. doi: 10.1111/camh.12501

29. Theberath M, Bauer D, Chen W, Salinas M, Mohabbat AB, Yang J,
et al. Effects of COVID-19 pandemic on mental health of children and
adolescents: a systematic review of survey studies. SAGE Open Med. (2022)
10:20503121221086710. doi: 10.1177/20503121221086712

30. Viner R, Russell S, Saulle R, Croker H, Stansfield C, Packer
J, et al. School closures during social lockdown and mental health,
health behaviors, and well-being among children and adolescents during
the first COVID-19 wave: a systematic review. JAMA Pediatr. (2022)
176:400–9. doi: 10.1001/jamapediatrics.2021.5840

31. Windarwati HD, Lestari R, Supianto AA, Wicaksono SA, Ati NAL,
Kusumawati MW, et al. A narrative review into the impact of COVID-19
pandemic on senior high school adolescent mental health. J Child Adolesc
Psychiatr Nurs Off Publ Assoc Child Adolesc Psychiatr Nurses Inc. (2022) 35:206–
17. doi: 10.1111/jcap.12370

32. Zolopa C, Burack JA, O’Connor RM, Corran C, Lai J, Bomfim E, et al.
Changes in youth mental health, psychological wellbeing, and substance use
during the COVID-19 pandemic: a rapid review. Adolesc Res Rev. (2022) 7:161–
77. doi: 10.1007/s40894-022-00185-6

33. Werling AM, Walitza S, Drechsler R. Impact of the COVID-19 lockdown on
screenmedia use in patients referred for ADHD to child and adolescent psychiatry:
an introduction to problematic use of the internet in ADHD and results of a survey.
J Neural Transm. (2021) 128:1033–43. doi: 10.1007/s00702-021-02332-0

34. Montano RLT, Acebes KML. COVID stress predicts depression, anxiety
and stress symptoms of Filipino respondents. Int J Res Bus Soc Sci. (2020) 9:78–
103. doi: 10.20525/ijrbs.v9i4.773

35. Chaabane S, Doraiswamy S, Chaabna K, Mamtani R, Cheema S. The impact
of COVID-19 school closure on child and adolescent health: a rapid systematic
review. Child Basel Switz. (2021) 8:415. doi: 10.3390/children8050415

36. Jones EAK, Mitra AK, Bhuiyan AR. Impact of COVID-19 on mental health
in adolescents: a systematic review. Int J Environ Res Public Health. (2021)
18:5. doi: 10.3390/ijerph18052470

37. Wolf S, Seiffer B, Zeibig JM, Welkerling J, Brokmeier L, Atrott B, et al.
Is physical activity associated with less depression and anxiety during the
COVID-19 pandemic? A rapid systematic review. Sports Med. (2021) 51:1771–
83. doi: 10.1007/s40279-021-01468-z

38. Loades ME, Chatburn E, Higson-Sweeney N, Reynolds S, Shafran R, Brigden
A, et al. Rapid systematic review: the impact of social isolation and loneliness on
the mental health of children and adolescents in the context of COVID-19. J Am
Acad Child Adolesc Psychiatry. (2020) 59:1218–39. doi: 10.1016/j.jaac.2020.05.009

39. Ilesanmi O, Afolabi A, Kwaghe A, A. scope review on the global impact
of COVID-19 lockdown on adolescents’ health. Afr Health Sci. (2021) 21:1518–
26. doi: 10.4314/ahs.v21i4.4

40. Marchi J, Johansson N, Sarkadi A, Warner G. The impact of the
COVID-19 pandemic and societal infection control measures on children
and adolescents’ mental health: a scoping review. Front Psychiatry. (2021)
12:711791. doi: 10.3389/fpsyt.2021.711791

41. Marciano L, Ostroumova M, Schulz PJ, Camerini AL. Digital media use and
adolescents’ mental health during the COVID-19 pandemic: a systematic review

andmeta-analysis. Front Public Health. (2022) 9:793868. doi: 10.3389/fpubh.2021.7
93868

42. Arend AK, Blechert J, Pannicke B, Reichenberger J. Increased
screen use on days with increased perceived COVID-19-related
confinements—a day level ecological momentary assessment study.
Front Public Health. (2021) 8:623205 doi: 10.3389/fpubh.2020.6
23205

43. Fumagalli E, DolmatzianMB, Shrum LJ. Centennials, FOMO, and loneliness:
an investigation of the impact of social networking and messaging/VoIP Apps
usage during the initial stage of the coronavirus pandemic. Front Psychol. (2021)
12:620739. doi: 10.3389/fpsyg.2021.620739

44. Camerini AL, Albanese E, Marciano L. The impact of screen
time and green time on mental health in children and adolescents
during the COVID-19 pandemic. Comput Hum Behav Rep. (2022)
7:100204. doi: 10.1016/j.chbr.2022.100204

45. Li Y, Zhao J, Ma Z,McReynolds LS, Lin D, Chen Z, et al. Mental health among
college students during the COVID-19 pandemic in China: A 2-wave longitudinal
survey. J Affect Disord. (2021) 281:597–604. doi: 10.1016/j.jad.2020.11.109

46. Rosen ML, Rodman AM, Kasparek SW, Mayes M, Freeman
MM, Lengua LJ, et al. Promoting youth mental health during
the COVID-19 pandemic: a longitudinal study. PLoS One. (2021)
16:e0255294. doi: 10.1371/journal.pone.0255294

47. Schmidt SCE, Anedda B, Burchartz A, Eichsteller A, Kolb S, Nigg C, et al.
Physical activity and screen time of children and adolescents before and during
the COVID-19 lockdown in Germany: a natural experiment. Sci Rep. (2020)
10:21780. doi: 10.1038/s41598-020-78438-4

48. Wunsch K, Nigg C, Niessner C, Schmidt SCE, Oriwol D, Hanssen-Doose A,
et al. The impact of COVID-19 on the interrelation of physical activity, screen time
and health-related quality of life in children and adolescents in Germany: results of
the motorik-modul study. Children. (2021) 8:98. doi: 10.3390/children8020098

49. XiangM, Zhang Z, Kuwahara K. Impact of COVID-19 pandemic on children
and adolescents’ lifestyle behavior larger than expected. Prog Cardiovasc Dis. (2020)
63:531–2. doi: 10.1016/j.pcad.2020.04.013

50. Magson NR, Freeman JYA, Rapee RM, Richardson CE, Oar EL, Fardouly
J. Risk and protective factors for prospective changes in adolescent mental
health during the COVID-19 pandemic. J Youth Adolesc. (2021) 50:44–
57. doi: 10.1007/s10964-020-01332-9

51. Camerini AL, Schulz PJ, Jeannet AM. The social inequalities of Internet
access, its use, and the impact on children’s academic performance: evidence
from a longitudinal study in Switzerland. New Media Soc. (2018) 20:2489–
508. doi: 10.1177/1461444817725918

52. Iglewicz B, Hoaglin DC. How to Detect and Handle Outliers. Milwaukee,
Wisconsin: ASQC Quality Press (1993).

53. Hughes ME,Waite LJ, Hawkley LC, Cacioppo JT. A short scale for measuring
loneliness in large surveys: results from two population-based studies. Res Aging.
(2004) 26:655–72. doi: 10.1177/0164027504268574

54. Radloff LS. The CES-D scale: a self-report depression scale
for research in the general population. Appl Psychol Meas. (1977)
1:385–401. doi: 10.1177/014662167700100306

55. Cohen J, A. power primer. Psychol Bull. (1992) 112:155–
9. doi: 10.1037/0033-2909.112.1.155

56. Morese R, Longobardi C. Suicidal ideation in adolescence: a perspective
view on the role of the ventromedial prefrontal cortex. Front Psychol. (2020)
11:713. doi: 10.3389/fpsyg.2020.00713

57. Orgilés M, Morales A, Delvecchio E, Mazzeschi C, Espada JP. Immediate
psychological effects of the COVID-19 quarantine in youth from Italy and Spain.
Front Psychol. (2020) 11:579038. doi: 10.3389/fpsyg.2020.579038

58. Ceban F, Ling S, Lui LMW, Lee Y, Gill H, Teopiz KM, et al.
Fatigue and cognitive impairment in Post-COVID-19 Syndrome: a
systematic review and meta-analysis. Brain Behav Immun. (2022)
101:93–135. doi: 10.1016/j.bbi.2021.12.020

59. Nagata JM, Cortez CA, Cattle CJ, Ganson KT, Iyer P, Bibbins-Domingo K,
et al. Screen time use among US adolescents during the COVID-19 pandemic:
findings from the adolescent brain cognitive development (ABCD) study. JAMA
Pediatr. (2022) 176:94–6. doi: 10.1001/jamapediatrics.2021.4334

60. Odgers CL, Jensen MR. Annual Research Review: Adolescent mental health
in the digital age: facts, fears, and future directions. J Child Psychol Psychiatry.
(2020) 61:336–48. doi: 10.1111/jcpp.13190

61. Orben A. Teenagers, screens and social media: a narrative review of
reviews and key studies. Soc Psychiatry Psychiatr Epidemiol. (2020) 55:407–
14. doi: 10.1007/s00127-019-01825-4

Frontiers in Psychiatry 13 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.981881
https://doi.org/10.24321/2455.7048.202002
https://doi.org/10.3389/fpsyg.2020.551113
https://doi.org/10.1111/wvn.12566
https://doi.org/10.1016/S2215-0366(20)30308-4
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1186/s12992-020-00589-w
https://doi.org/10.1111/camh.12501
https://doi.org/10.1177/20503121221086712
https://doi.org/10.1001/jamapediatrics.2021.5840
https://doi.org/10.1111/jcap.12370
https://doi.org/10.1007/s40894-022-00185-6
https://doi.org/10.1007/s00702-021-02332-0
https://doi.org/10.20525/ijrbs.v9i4.773
https://doi.org/10.3390/children8050415
https://doi.org/10.3390/ijerph18052470
https://doi.org/10.1007/s40279-021-01468-z
https://doi.org/10.1016/j.jaac.2020.05.009
https://doi.org/10.4314/ahs.v21i4.4
https://doi.org/10.3389/fpsyt.2021.711791
https://doi.org/10.3389/fpubh.2021.793868
https://doi.org/10.3389/fpubh.2020.623205
https://doi.org/10.3389/fpsyg.2021.620739
https://doi.org/10.1016/j.chbr.2022.100204
https://doi.org/10.1016/j.jad.2020.11.109
https://doi.org/10.1371/journal.pone.0255294
https://doi.org/10.1038/s41598-020-78438-4
https://doi.org/10.3390/children8020098
https://doi.org/10.1016/j.pcad.2020.04.013
https://doi.org/10.1007/s10964-020-01332-9
https://doi.org/10.1177/1461444817725918
https://doi.org/10.1177/0164027504268574
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.3389/fpsyg.2020.00713
https://doi.org/10.3389/fpsyg.2020.579038
https://doi.org/10.1016/j.bbi.2021.12.020
https://doi.org/10.1001/jamapediatrics.2021.4334
https://doi.org/10.1111/jcpp.13190
https://doi.org/10.1007/s00127-019-01825-4
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Marciano et al. 10.3389/fpsyt.2022.981881

62. Valkenburg PM, Meier A, Beyens I. Social media use and its impact on
adolescent mental health: an umbrella review of the evidence. Curr Opin Psychol.
(2022) 44:58–68. doi: 10.1016/j.copsyc.2021.08.017

63. Yue Z, Zhang R, Xiao J. Passive social media use and psychological
well-being during the COVID-19 pandemic: the role of social
comparison and emotion regulation. Comput Hum Behav. (2022)
127:107050. doi: 10.1016/j.chb.2021.107050

64. Moitra P, Madan J. Impact of screen time during COVID-19 on eating habits,
physical activity, sleep, and depression symptoms: a cross-sectional study in Indian
adolescents. PLoS One. (2022) 17:e0264951. doi: 10.1371/journal.pone.0264951

65. Brand M, Young KS, Laier C, Wölfling K, Potenza MN. Integrating
psychological and neurobiological considerations regarding the development and
maintenance of specific Internet-use disorders: an Interaction of person-affect-
cognition-execution (I-PACE) model. Neurosci Biobehav Rev. (2016) 71:252–
66. doi: 10.1016/j.neubiorev.2016.08.033

66. Brand M, Wegmann E, Stark R, Müller A, Wölfling K, Robbins TW,
et al. The interaction of person-affect-cognition-execution (I-PACE) model for
addictive behaviors: update, generalization to addictive behaviors beyond internet-
use disorders, and specification of the process character of addictive behaviors.
Neurosci Biobehav Rev. (2019) 104:1–10. doi: 10.1016/j.neubiorev.2019.06.032

67. Kardefelt-Winther D, A. conceptual and methodological critique of internet
addiction research: towards a model of compensatory internet use. Comput Hum
Behav. (2014) 31:351–4. doi: 10.1016/j.chb.2013.10.059

68. Elhai JD, Yang H, McKay D, Asmundson GJG. COVID-19 anxiety symptoms
associated with problematic smartphone use severity in Chinese adults. J Affect
Disord. (2020) 274:576–82. doi: 10.1016/j.jad.2020.05.080

69. Zosel K, Monroe C, Hunt E, Laflamme C, Brazendale K,
Weaver RG. Examining adolescents’ obesogenic behaviors on structured
days: a systematic review and meta-analysis. Int J Obes. (2022)
46:466–75. doi: 10.1038/s41366-021-01040-9

70. Brazendale K, Beets MW, Weaver RG, Pate RR, Turner-McGrievy GM,
Kaczynski AT, et al. Understanding differences between summer vs. school
obesogenic behaviors of children: the structured days hypothesis. Int J Behav Nutr
Phys Act. (2017) 14:100. doi: 10.1186/s12966-017-0555-2

71. Wolfers LN, Schneider FM. Using media for coping: a scoping review.
Commun Res. (2020) 13:0093650220939778.

72. Holt NL, Hoar S, Fraser SN. How does coping change with development? A
review of childhood and adolescence sport coping research. Eur J Sport Sci. (2005)
5:25–39. doi: 10.1080/17461390500076915

73. Birmaher B, Ryan ND, Williamson DE, Brent DA, Kaufman J, Dahl
RE, et al. Childhood and adolescent depression: a review of the past
10 years. Part I J Am Acad Child Adolesc Psychiatry. (1996) 35:1427–
39. doi: 10.1097/00004583-199611000-00011

74. Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence.
Lancet. (2012) 379:1056–67. doi: 10.1016/S0140-6736(11)60871-4

75. Stroud LR, Papandonatos GD, Williamson DE, Dahl RE. Sex differences
in cortisol response to corticotropin releasing hormone challenge over puberty:
Pittsburgh pediatric neurobehavioral studies. Psychoneuroendocrinology. (2011)
36:1226–38. doi: 10.1016/j.psyneuen.2011.02.017

76. Balzer BWR, Duke SA, Hawke CI, Steinbeck KS. The effects of estradiol
on mood and behavior in human female adolescents: a systematic review. Eur J
Pediatr. (2015) 174:289–98. doi: 10.1007/s00431-014-2475-3

77. Lee YS, Han DH, Yang KC, Daniels MA, Na C, Kee BS, et al. Depression like
characteristics of 5HTTLPR polymorphism and temperament in excessive internet
users. J Affect Disord. (2008) 109:165–9. doi: 10.1016/j.jad.2007.10.020

78. Oo KZ, Aung YK, Jenkins MA, Win AK. Associations of 5HTTLPR
polymorphism with major depressive disorder and alcohol dependence: a
systematic review and meta-analysis. Aust N Z J Psychiatry. (2016) 50:842–
57. doi: 10.1177/0004867416637920

79. Sjöberg RL, Nilsson KW, Nordquist N, Ohrvik J, Leppert J, Lindström
L, et al. Development of depression: sex and the interaction between
environment and a promoter polymorphism of the serotonin transporter
gene. Int J Neuropsychopharmacol. (2006) 9:443–9. doi: 10.1017/S14611457050
05936

80. Weller EB, Kloos A, Kang J, Weller RA. Depression
in children and adolescents: does gender make a difference?
Curr Psychiatry Rep. (2006) 8:108–14. doi: 10.1007/s11920-006-
0007-1

81. Sisk LM, Gee DG. Stress and adolescence: vulnerability and opportunity
during a sensitive window of development. Curr Opin Psychol. (2022) 44:286–
92. doi: 10.1016/j.copsyc.2021.10.005

82. Qu Y, Li X, Ni B, He X, Zhang K, Wu G. Identifying the role of
parent–child conflict and intimacy in Chinese adolescents’ psychological distress
during school reopening in COVID-19 pandemic. Dev Psychol. (2021) 57:1735–
47. doi: 10.1037/dev0001218

83. Campbell AM. An increasing risk of family violence during the Covid-19
pandemic: Strengthening community collaborations to save lives. Forensic Sci Int
Rep. (2020) 2:100089. doi: 10.1016/j.fsir.2020.100089

84. Prime H, Wade M, Browne DT. Risk and resilience in family
well-being during the COVID-19 pandemic. Am Psychol. (2020) 75:631–
43. doi: 10.1037/amp0000660

85. Odgers CL, Schueller SM, Ito M. Screen time, social media
use, and adolescent development. Annu Rev Dev Psychol. (2020)
2:121318–084815. doi: 10.1146/annurev-devpsych-121318-084815

86. Koh HK, Oppenheimer SC, Massin-Short SB, Emmons KM, Geller AC,
Viswanath K. Translating research evidence into practice to reduce health
disparities: a social determinants approach. Am J Public Health. (2010) 100:S72–
80. doi: 10.2105/AJPH.2009.167353

87. Viswanath K, McCloud RF, Lee EWJ, Bekalu MA. Measuring what matters:
data absenteeism, science communication, and the perpetuation of inequities.
Ann Am Acad Pol Soc Sci. (2022) 700:208–19. doi: 10.1177/000271622210
93268

88. Orben A, Przybylski AK, Blakemore SJ, Kievit RA. Windows
of developmental sensitivity to social media. Nat Commun. (2022)
13:1649. doi: 10.1038/s41467-022-29296-3

89. Pfefferbaum B. Challenges for child mental health raised by school closure
and home confinement during the COVID-19 pandemic. Curr Psychiatry Rep.
(2021) 23:65. doi: 10.1007/s11920-021-01279-z

Frontiers in Psychiatry 14 frontiersin.org

https://doi.org/10.3389/fpsyt.2022.981881
https://doi.org/10.1016/j.copsyc.2021.08.017
https://doi.org/10.1016/j.chb.2021.107050
https://doi.org/10.1371/journal.pone.0264951
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1016/j.chb.2013.10.059
https://doi.org/10.1016/j.jad.2020.05.080
https://doi.org/10.1038/s41366-021-01040-9
https://doi.org/10.1186/s12966-017-0555-2
https://doi.org/10.1080/17461390500076915
https://doi.org/10.1097/00004583-199611000-00011
https://doi.org/10.1016/S0140-6736(11)60871-4
https://doi.org/10.1016/j.psyneuen.2011.02.017
https://doi.org/10.1007/s00431-014-2475-3
https://doi.org/10.1016/j.jad.2007.10.020
https://doi.org/10.1177/0004867416637920
https://doi.org/10.1017/S1461145705005936
https://doi.org/10.1007/s11920-006-0007-1
https://doi.org/10.1016/j.copsyc.2021.10.005
https://doi.org/10.1037/dev0001218
https://doi.org/10.1016/j.fsir.2020.100089
https://doi.org/10.1037/amp0000660
https://doi.org/10.1146/annurev-devpsych-121318-084815
https://doi.org/10.2105/AJPH.2009.167353
https://doi.org/10.1177/00027162221093268
https://doi.org/10.1038/s41467-022-29296-3
https://doi.org/10.1007/s11920-021-01279-z
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Screen time and adolescents' mental health before and after the COVID-19 lockdown in Switzerland: A natural experiment
	Introduction
	Methods
	Study design and sample
	Measures
	Mental health
	Loneliness
	Depression
	Screen-media activities
	Covariates

	Analytical plan

	Results
	Discussion
	Limitations and future directions
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


