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Abstract

The present study examined the long-term effects of the COVID-19 pandemic on adolescent internalizing symptoms,
substance use, and digital media use before and during the pandemic. A nationally representative longitudinal cohort of
3718 Israeli adolescents aged 12—-16 at baseline completed measures of internalizing symptoms (anxiety, depression, and
somatization), the prevalence of substance use (i.e., previous 30-day use of tobacco, alcohol, and cannabis), and average
daily use of internet/television, video games, and social media. Social support and daily routines were assessed as potential
protective factors for mental health. Data were collected in 10 public schools at four measurement points: before the Covid-
19 outbreak (September 2019), after the first wave lockdown (May 2020), after the third wave lockdown (May 2021), and
after the fifth wave of the pandemic (May 2022). Multi-level mixed models were used to analyze the longitudinal data. The
results showed significant increases in internalizing symptoms, substance use (tobacco, alcohol, and cannabis), and daily
screen time from the start of the study to the 33-month follow-up. Social support and daily routines moderated the increases in
internalizing symptoms and digital media use. These findings highlight the need for public and educational mental health

services to address the continuing impact of the pandemic on adolescents.
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Introduction

The COVID-19 pandemic continues to constitute a major
threat to the mental health of adolescents globally. During
adolescence, there is a significant increase in the incidence
of internalizing symptoms such as depression, somatization,
and anxiety [1]. These emotional difficulties frequently co-
occur [2] and can intensify when adolescents face stress-
ful situations, particularly those related to family or health
issues [3].

The COVID-19 pandemic produced uncertainty, finan-
cial strain, and familial distress, in addition to necessitat-
ing social isolation. The enforcement of social distancing,
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confinement, mass quarantines and school closures signifi-
cantly impacted adolescents’ lives, since they experienced
extended periods of isolation and had limited social contact
with their peers. As a result, their physical and social rou-
tines were disrupted, leading to a decrease in social support
and an increase in social isolation, loneliness, and distress
[4]. Since school and peers often constitute sources of sup-
port and connection during adolescence, teens were particu-
larly vulnerable to the stress caused by COVID-19-related
restrictions and changes [5].

Studies have ascribed significant developmental impair-
ments and psychological symptoms in adolescents to the
pandemic period [6]. The literature worldwide has reported
wide-ranging psychological reactions ranging from isolated
symptoms such as anger, worry, fear and other externalizing
behaviors to high rates of internalizing symptoms such as
anxiety, depression, and post-traumatic symptoms [7-13].
Other studies have indicated that the lengthy periods of
quarantine and isolation led to greater use of psychoactive
substances in adolescents, including illicit drugs, alcohol,
and tobacco [14-18]. Reports also indicate a generalized
increase in adolescents’ use of digital technologies and
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social media in particular to alleviate the negative effects of
social distancing during the pandemic [19]. A study involv-
ing 5,114 adolescents from five countries showed that over
40% increased their social media consumption to maintain
social relations in the absence of in-person interactions [20].
Another study that examined the use of digital technology
in 1,860 Italian adolescents found that they spent over six
hours a day on screen for educational purposes and from
four to six hours a day on recreational activities [21]. Simi-
larly, a study on Australian adolescents reported an increase
in social media, internet, and smartphone use along with a
decrease in happiness [22].

The excessive use of screen devices has been associated
with mental health symptoms such as anxiety and depression
[23, 24], and has been associated with addictive behaviors
such as alcohol consumption and smoking in adolescents
[25]. It has been suggested that these increases can be linked
to pandemic-related distress and pressures [26, 27].

The current literature consists primarily of cross-sectional
investigations. Today, however, as the pandemic recedes,
attempts evaluate the severity of pandemic experiences need
to take the dynamic and cumulative nature of this stress-
ful period into account. Exposure to the pandemic cannot
be appraised as an isolated singular event or even as a set
of discrete events since exposure and responses to earlier
pandemic-related events can impact responses to later waves,
lockdowns, and the return to ‘normalcy’. An analysis of lon-
gitudinal exposure can thus shed light on the potential asso-
ciations between the COVID-19 pandemic and more long-
term psychological outcomes in children and adolescents.

The few longitudinal findings to date suggest that anxiety
and depression symptoms tended to increase in adolescents
during the pandemic [28-30]. Screen use was also found to
increase in this age group [31, 32], although some studies
have reported lower levels of anxiety and depression and
fewer symptoms of social media addiction during the pan-
demic [33, 34].

Studies on adolescents' substance use during the pan-
demic have also yielded mixed results. For instance, one
study in Italy reported a sharp rise in emergency room treat-
ment for alcohol abuse in adolescents after a strict lockdown
[35]. Conversely, a study in Canada found that there was
minimal change in substance use throughout the pandemic
period [36]. A different Canadian study indicated that sub-
stance use declined across clinical and community samples
[37]. Yet another Canadian study found that while the pro-
portion of substance users decreased for most substances,
the frequency of alcohol and cannabis use increased in ado-
lescents during periods of social distancing [38].

This brief overview suggests that the impact of the
COVID-19 pandemic on adolescent mental health, substance
use, and screen time depends to a great extent on individual
and contextual factors. Nevertheless, most of these analyses
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are based on short-term assessments without pre-pandemic
evaluations, thus making it difficult to determine the specific
impact of the pandemic. Although a number of studies have
focused on mental health symptoms, only a handful have
explored substance use and screen time.

To address these gaps, the current study took advantage of
an ongoing pre-pandemic assessment and followed the same
cohort over three school years. It is thus uniquely positioned
to assess changes in adolescent mental health, substance use,
and digital media use during the phases of the pandemic,
and can provide a more comprehensive understanding of the
pandemic's impact on young people’s mental health.

Relatively few studies have examined the protective fac-
tors that may contribute to reducing internalizing symptoms
and substance and screen abuse in adolescents during the
pandemic. For example, social support is known to buffer
reactions to stressful events and help mitigate the severity
of psychological symptoms [39]. Previous research has indi-
cated that the presence of significant adults and peers who
provide emotional support can reduce negative mental health
outcomes in the context of mass disasters and pandemics
[40, 41]. Studies have found that social support during the
COVID-19 pandemic indeed reduced symptoms of anxiety
and depression in adolescents [42] as well as alcohol use
in college students [43]. However, these studies were con-
ducted within a limited time frame during the pandemic,
hence, more longitudinal studies with a focus on adolescents
are needed.

Consistent everyday routines are also known to shield
children and adolescents in times of stress and are crucial to
a sense of stability, predictability, and better mental health
[44, 45]. Studies have shown that during the home confine-
ments, children engaged in less physical activity, had irregu-
lar sleep patterns, and spent more time on digital devices
[46]. These effects were aggravated by restrictions on after-
school activities, organized sports, and recreational spaces
[15]. By contrast, adolescents who maintained regular rou-
tines during the pandemic, including good hygiene, sleep,
diet, and study habits experienced less anxiety, conduct
problems, and inattention/hyperactivity [47, 48].

The present longitudinal study examined the effects of the
COVID-19 pandemic on internalizing symptoms, substance,
and digital media use in adolescents in Israel over a period
of three school years with a baseline measurement before the
outbreak of the pandemic. This three-year period included
three lengthy lockdowns, numerous school closures/re-
openings and remote learning, followed by a relatively
more stable period of return to routine in the last year of the
study, thus reflecting the unpredictable, rapidly fluctuating
conditions of the pandemic. It also examined key potential
protective factors in the literature (social support and daily
routines) to assess their contribution to adolescents’ ability
to cope with this crisis.
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The pandemic in Israel had five waves, each with dif-
ferent country-wide lockdown regulations and effects
on daily life. The first wave (February 2020—May 2020)
involved an abrupt nationwide lockdown, where schools
and non-essential businesses were closed, and classes
were taught remotely. The regulations for the second wave
(June 2020-October 2020) involved hybrid model of in-
person classes on a rotating basis in middle schools and
high schools. However, restrictions were reinstated when
the caseload rose. The third wave (December 2020-March
2021) brought about a return to remote learning and another
nationwide lockdown. The Israeli government launched its
first vaccination campaign during this wave, and prioritized
teachers and students. The fourth (June 2021-October 2021)
and fifth waves (December 202 1-April 2022) were marked
by a high number of cases and hospitalizations among the
unvaccinated. To curb the spread of the virus, the govern-
ment implemented a Green Pass system requiring proof of
vaccination or a negative COVID-19 test to enter designated
buildings and for public events. Nevertheless, this period
was more stable since schools reopened and resumed their
regular routines.

Based on the literature, hypothesis 1 posited that the
pandemic would lead to increases in psychological distress
and internalizing symptoms, as well as more substance and
digital media use in comparison to pre-COVID-19 levels.
Hypothesis 2 predicted that structured daily routines and
social support would moderate the increase in internalizing
symptoms, substance and screen use during the pandemic.

Method
Participants and procedure

The sample was composed of 3718 eighth to tenth grade stu-
dents aged 12.8 to 16.5 (1,865 boys and 1,853 girls; mean
age=14.51, SD=1.11) at the start of the study from 10
schools from three representative geographic regions in
Israel. The procedure involved selecting 10 schools out of
a pool of 45 in three representative geographic regions in
Israel using a stratified random sampling technique. The
initial pool of schools was recruited through municipal
education departments and were representative of the gen-
eral population. The schools were stratified by geographic
region, socio-economic distribution, and school type (high
school/middle school), and then randomly selected to ensure
representation from each stratum. The selection was based
on a computer-generated random number list. Special edu-
cation and ultra-orthodox religious institutions were not
included in this study.

After receiving academic and municipal ethics commit-
tee authorizations, the parents of all eighth to tenth grade

students in these schools received a letter explaining the
study. A total of 231 students whose parents opted out of
participation (5%) were excluded. All other students who
were in school on the day of the baseline assessment (3860
students) were eligible and were asked to provide their writ-
ten consent to participate. At baseline, 38 students declined
to participate. In addition, 104 surveys were removed
because of incomplete data. The final sample was thus com-
posed of 3718 students who completed the baseline survey.
The socio-demographic characteristics of the sample are
presented in Table 1. The students were guaranteed ano-
nymity and their questionnaires were identified solely by
code number.

The school year in Israel typically begins in September
and ends in mid-June for secondary schools. The partici-
pants in this study completed the questionnaires at four dif-
ferent time points: before the COVID-19 outbreak, at the
beginning of the school year in September 2019 (N=3718),
after the first wave lockdown in May 2020 (9-month follow-
up; N =3385), after the second and third wave lockdowns
in May 2021 (21-month follow-up; N =3473), and after the
fourth and fifth waves of the pandemic in May 2022 (33-
month follow-up; N=3526). The measurement points dur-
ing the pandemic were situated during the back-to-school
phases after periods of lockdowns and all took place towards
the end of the school year in Israel.

In total, 3526 participants (95%) from the original sample
completed 1 or more follow-up surveys. Over the course of
the follow-ups, 71 students left school, 28 students declined
to participate, and the others were absent or were excluded
because of incomplete data. Participants completed the ques-
tionnaires in school on tablets via the Qualtrics application.

There were no statistically significant baseline differences
between the participants who dropped out as compared to
those who completed the study in terms of demographic
characteristics such as age (r=1.21, p=0.23), gender
(#*=0.01, p=0.92) family structure (y*=1.22, p=0.75),
and socioeconomic status (;(2=2.17, p=0.34), or the out-
come variables, including internalizing symptoms (#=0.26,
p=0.79), gaming (r=0.30, p=0.76), internet use (r=0.53,
p=0.60), social media (r=1.58, p=0.11), and substance use
(#=1.68, p=0.43).

Measures

The brief symptom inventory [49] (BSI-18) comprises 18
self-report items rated on a five-point scale from 0 (not at
all) to 4 (very much). This measure assesses three symptom
subscales: somatization, depression, and anxiety. The Global
Severity Index (GSI) is calculated as the sum of distress
ratings on the 18 items, which can range from O to 72, with
higher scores indicating greater psychological symptom lev-
els (Derogatis, 2001). The Cronbach's alphas for the total
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Table 1 Demographic and sample characteristics at baseline

Mean (SD)

Age (years) 14.51 (1.11)
Grade

8 1226 (33%)

9 1245 (33.5%)

10 1247 (33.5%)
Gender

Girls, n (%) 1853 (49.8%)

Boys, n (%) 1865 (50.2%)
Religion

Jewish, n (%) 3640 (97.9%)

Muslim, n (%) 57 (1.5%)

Christian, n (%) 21 (0.6%)
Socioeconomic status

Low SES n (%) 534 (14.4%)

Middle SES n (%) 2365 (63.6%)

High SES n (%) 819 (22%)
Family status

Married 3049 (82%)

Divorced/separated 518 (13.9%)

Widowed 61 (1.6%)

Single 90 (2.4%)
Family structure

Nuclear family 2974 (80%)

Single-parent family 592 (15.9%)

Blended family 77 (2.1%)

Extended family 75 (2%)
Children in the household

1 240 (6.5%)

2 376 (10.1%)

>3 3102 (83.4%)
Psychiatric symptoms (GSI) 16.26 (10.95)
Social support 3.95(0.95)
Daily routines 3.34 (0.78)
Gaming (hours per day) 1.72 (1.79)
Internet use (hours per day) 3.03 (2.05)
Social media use (hours per day) 2.68 (2.21)
Tobacco past 30-day use; n (%) 62 (7.4%)
Alcohol past 30-day use; n (%) 77 (9.2%)
Cannabis past 30-day use; n (%) 69 (8.2%)

Note: N=3,718; T1- baseline, September 2019

scale ranged from 0.83 to 0.90 across the different measure-
ment points.

The screen time scale [50] examines the daily duration
of internet/television, video game, and social media use.
The number of hours of use per day in the previous month
for each category is reported on a scale ranging from 0 h to
more than 7 h. Three scores are derived, one for each cate-
gory, and the total score for recreational screen time per day.
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The adolescent alcohol and drug involvement scale
(AADIS) [51] measures history and current substance use.
The screening part of the scale examines lifetime use of
cigarettes, alcohol, and drugs. If participants report any
lifetime substance use, the second 12-item section on spe-
cific substance use is completed. The items are rated on an
8-point scale ranging from O (never used) to 7 (several times
a day). Current substance use is calculated as the percentage
of participants who report past 30-day use of each substance
category. In this study, only data on the use of tobacco, alco-
hol, cannabis, inhalants, and prescription drug misuse were
analyzed, given the very low reported numbers of other
illicit drug use.

The multidimensional scale of perceived social support
(MSPSS) [52] measures perceptions of family members and
peers as providers of support.

The scale contains eight items and uses a 5-point Likert-
type response format that ranges from 1 (strongly disagree)
to 5 (strongly agree). Items are averaged to create a total
social support score. The Cronbach's alphas for the scale
ranged from 0.82 to 0.87.

The Adolescent Routines Questionnaire (ARQ) [53].
The (ARQ) consists of 20 self-report items that assess daily
routines in four domains: hygiene routines, time manage-
ment, family communication, and extracurricular or social
routines. Participants rate how often they engage in these
behaviors in a routine manner on a 5-point scale ranging
from O (almost never) to 4 (nearly always). The 20 items
are averaged to obtain the total score. The Cronbach's alphas
ranged from 0.80-0.88 for the total scale.

Statistical analysis

Descriptive statistics were generated for the baseline data.
For the longitudinal analyses, each change in outcome
from pre-COVID-19 to May 2022 was entered into a mixed
model growth curve analysis. For the substance use vari-
ables, growth curve models with binary outcomes (logisti-
cal regressions) were used. Inhalant and prescription drug
misuse were not included in the growth models due to their
low prevalence.

Trend analyses using SPSS 27.0 indicated that linear
trend models had the best fit for the outcome variables. The
growth curves modelled the four time points as a linear func-
tion of time with the intercept and slope as parameters. The
intercept represented the level of the outcome variable at
Time 1 and the slope represented the changes in the out-
come variable from Time 1 to Time 4. An unstructured vari-
ance—covariance matrix was used to allow the variances for
the intercept and slope to differ. Full maximum likelihood
estimation was used to account for missing data, which
totaled less than 3% across the study variables.
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The level 1 models examined students' growth trajectories
based on the Time variable (0, 1, 2, and 3), perceived social
support, daily routines, and their interactions with Time,
which captured within-person changes over the different
assessments. The level 2 models examined how between-
subject variables accounted for the growth parameters in
the Level 1 models.

Demographic factors such as age, gender, family struc-
ture, and socio-economic status were considered as potential
predictors of the outcome variables, given their previous
associations with mental health [54, 55] and substance and
screen use in adolescents [56, 57]. However, only age and
gender were found to significantly contribute to the vari-
ability in the outcome scores in this study and were included
in the final models.

Based on intraclass correlation analyses, the school
effects were below 5% and were not included in the final
models. Cohen's d was used to calculate effect sizes for dif-
ferences in mean scores in the four measurement points. x 2
analyses were conducted to examine differences in substance
use over time.

Results
Descriptive statistics

The variables were normally distributed with no unu-
sual skewness or kurtosis. The participants’ summary

demographic information and baseline characteristics are
presented in Table 1.

The GSI mean score at baseline of 16.26 (SD=10.94)
indicated a mild psychological distress level in the sample
at the beginning of the study according to Israeli norms [58].
Prevalence of previous 30-day use of alcohol, tobacco, can-
nabis, inhalants, and prescription drug misuse at baseline
were 8.9%, 7.5%, 7.9%, 2.3%, and 1.8% respectively. The
mean age at onset of substance use in the sample was 13
years for alcohol and tobacco, and 15 years for canna-
bis. Boys (n=167) reported more cannabis use than girls
(n=126) at baseline (X2 =5.94; p=0.01).

At baseline, the participants spent 7 h 25 min a day on
average on the internet, video games, and social media.
About 56% of the sample spent more than 5 h a day and 40%
of the sample spent more than 7 h a day on digital media.
Boys spent more time playing video games (M =1.93 h,
SD=1.80) than girls (M=1.51h, SD=1.76), t(3716)=7.12,
p<0.001, and girls spent more time on social media (3.01
h, SD=2.29), 1(3716)=9.34, p<0.001, and the internet
(M=3.22h,SD=2.05), (3716)=5.68, p<0.001) than boys
(social media: M=2.35 h, SD=2.07; internet: M =2.84 h,
SD=2.04).

Changes in internalizing symptoms, digital media
use, and substance use

The means and standard deviations for the variables at
the four time points are reported in Table 2. Tables 3, 4,

Table 2 Means, and standard deviations for the study variables at the four measurement points

T1 T2 T3 T4 Within-group comparisons

(n=3,718) (n=3,385) (n=3,473) (n=3,529) T1vs T4

Mean  SD Mean  SD Mean  SD Mean  SD t/ X2 Cohen’s d
Psychiatric symptoms (GSI) 1626 1095 1878 1245 18.58  12.56 19.70  15.25 t=—11.06%** 0.26
Depression 6.03 4.60 7.34 5.55 7.31 5.57 7.48 5.93 t=—11.70%%** 0.28
Anxiety 5.46 2.42 9.19 2.71 6.49 2.82 6.24 3.01 t=—12.19%%* 0.29
Somatization 4.78 3.98 4.85 4.39 4.78 437 5.99 5.65 t=—10.55%%* 0.25
Gaming 1.72 1.79 2.40 2.19 2.44 2.20 2.81 2.15 t=—123.49%** 0.55
Internet use 3.03 2.05 3.36 221 3.40 223 2.94 2.04 1=1.86 0.04
Social media use 2.68 221 2.59 2.13 2.58 2.13 2.78 2.06 t=-2.07* 0.05
Daily screen use 7.43 4.36 8.35 4.44 8.42 4.44 8.53 4.00 t=—11.24%%* 0.26
Social support 391 0.95 3.50 0.89 3.81 0.89 3.95 0.92 r=-1.87 0.04
Daily routines 3.34 0.78 2.53 0.56 2.82 0.62 3.09 0.83 r=13.43%%* 0.31
Tobacco; n (%) 279 7.5% 235 6.9% 286 8.2% 407 11.5%  x*>=34.29%**
Alcohol; n (%) 332 8.9% 389 11.5% 429 124% 620 17.6%  x>=119.37%%*
Cannabis; n (%) 293 7.9% 240 7.1% 330 9.5% 419 11.9%  x?=34.91%%*
Inhalants; n (%) 84 2.3% 33 1% 32 1% 32 1% xX>=21.03%%*
Prescription drug misuse; n (%) 66 1.8% 50 1.5% 43 1.2% 48 1.4% x>=2.01

Note: T1 N=3,718; T1- baseline, September 2019; T2—May 2020; T3 —May 2021; T4 —May 2022; Screen use measures present the average
daily use in hours; substance use rates present past 30-day use. p <.05%, p<.01**, p <.001***
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Table 3 Trends in psychiatric symptoms from September 2019 to May 2022

Fixed effects GSI Depression Ancxiety Somatization
(Linear growth) 3 ; ; -
Coefficient SE Coefficient SE Coefficient SE Coefficient SE
(95% CI) (95% CI) (95% CI) (95% CI)
Level 1
Intercept 18.13%%* 0.19  6.94%** 0.08  6.29%%* 0.07  4.92%%* 0.07
(17.76-18.51) (6.79-7.10) (6.14-6.43) (4.78-5.07)
Time 0.82%%%* 0.12  0.37%** 0.05  0.19%** 0.05  0.26%** 0.05
(0.58-1.06) (0.27-0.48) (0.10-0.28) (0.17-0.35)
Social support —3.27%%* 0.16 - 1.60%** 0.07  —0.91%** 0.06 —0.76%** 0.06
(= 3.59t0 — 2.96) (-1.73 to - 1.47) (-1.03t0-0.79) (-0.87 to — 0.64)
Daily routines — 0.84%** 0.18  —0.38%** 0.07 —0.51%** 0.07  0.01 0.07
(- 1.19- 0.50) (-0.52t0-0.24) (- 0.64 to—0.38) (- 0.13- 0.13)
Social support * Time 0.16 0.10  0.09* 0.04 0.05 0.04 0.02 0.04
(- 0.04- 0.36) (0.01-0.18) (-=0.03— 0.13) (- 0.05-0.10)
Daily routines * Time —0.83%** 0.11  —0.37*** 0.05 —0.14%* 0.03  —0.28%** 0.04
(- 1.05to-0.61) (- 0.46 to — 0.28) (- 0.22 to - 0.05) (- 0.36 to — 0.20)
Level 2
Age —0.50%** 0.12  —0.21%%* 0.05 -0.07 0.04 —0.25%** 0.05
(- 0.73 to — 0.26) (-0.30to—-0.11) (-0.15- 0.02) (-0.33t0-0.16)
Gender (Boys) —3.56%%* 027 - 1.55%%%* 0.11  — 1.04%%* 0.10  —0.98%%%* 0.10
(—4.08 to —3.04) (- 1.77 to — 1.34) (-1.24 t0 - 0.85) (-1.18 to - 0.78)
Age * Time -0.16* 0.07 -0.06% 0.03  —0.10%** 0.03  0.02 0.03
(- 0.30- 0.01) (-0.12to - 0.01) (- 0.16 to — 0.05) (= 0.04- 0.07)
Gender * Time 0.57%#%* 0.17  0.25%** 0.07  0.13%* 0.06  0.18%* 0.06
(0.24- 0.90) (0.11-0.39) (0.01- 0.25) (0.06-0.30)
Variance components
Within person (Level 1) 60.95%** 10.52%#%#* Q.77H%% 9.397%%%
Between person (Level 2)  8.46%** JEEE 0.72%4% 1.12%%%*
Proportion explained
R? within 0.56 0.58 0.51 0.51
R? between 0.12 0.14 0.24 0.09
ICC 0.17 0.16 0.13 0.13

Note: T1 N=3718; The time variable was centered to reflect years of schooling since baseline (e.g. 0, 1, 2, and 3). Age was cen-

tered to the mean age (14.5y); p <.05%, p<.01*%*, p <.001%**

5 show the estimated fixed effects for the final models.
The ICC ranges were low (0.08-0.17) according to the
unconditional mean models, indicating relatively low
within-person stability in internalizing symptoms and addic-
tive behaviors during the pandemic, with the majority of the
overall variability arising from year-to-year fluctuations in
mental health, and substance and digital media use.

The unconditional linear growth curve models of inter-
nalizing symptoms, substance use, gaming, and social media
use showed significant positive values for the linear slope
parameter (time), indicating a positive and significant linear
growth rate during each school year. These results indicate
that the mean scores of these variables increased signifi-
cantly over the pandemic period.

Participants exhibited significant increases in symp-
toms of depression (B=0.37, SE=0.05; p<0.001), anxi-
ety (B=0.19, SE=0.05; p <0.001), somatization (B =0.26,
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SE=0.05; p<0.001), and general distress (B =0.82,
SE=0.12; p<0.001) from the beginning to the end of the
study (see Table 3 for CIs). The effect sizes for these changes
were relatively small (Cohen's ds =0.08-0.29).

During the study period, the average daily use of video
games increased from 1.72 to 2.81 h per day, and the
total daily screen use increased from 7 h 25 min to 8 h
32 min. The effect sizes were small to moderate (Cohen's
ds=0.26-0.55). At the end of the study, 75% of the sample
spent more than 5 h a day and 55% of the sample spent more
than 7 h a day on digital media.

Prevalence rates of past 30-day tobacco use increased
from the baseline level of 7.5% to 11.5% at the end of
the study (X2=34.29; p<0.001). Alcohol use increased
from 8.9% at baseline to 17.6% at the end point
(X2= 119.37; p<0.001), and cannabis use increased from
7.9% at baseline to 11.9% at the end of the study (X2= 34.91;
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Table 4 Trends in digital device use from September 2019 to May 2022
Fixed effects (Linear growth)  Video games Internet Social media Daily screen time
Coefficient SE Coefficient SE Coefficient SE Coefficient SE
(95% CI) (95% CI) (95% CI) (95% CI)
Level 1
Intercept 1.59%** 0.03  3.3]*** 0.04 2.79%** 0.04  7.69%** 0.08
(1.62-1.66) (3.23-3.38) (2.71-2.88) (7.53-7.85)
Time 0.35%%%* 0.02 -0.02 0.02  0.06* 0.02  0.40%** 0.05
(0.30-0.39) (- 0.06-0.03) (0.01-0.19) (0.31-0.49)
Social support —0.11%%* 0.03 -0.08%* 0.03  0.27%** 0.03 0.05 0.06
(= 0.16 to — 0.05) (-0.14 to - 0.02) (0.21-0.33) (- 0.08-0.17)
Daily routines —0.19%%* 0.03  —0.22%%* 0.03  —0.12%%* 0.04 —0.56%** 0.07
(-0.25t0-0.13) (=029 to - 0.16) (-=0.19 to - 0.04) (=0.71 to — 0.42)
Social support * Time 0.06%* 0.02 —0.07%%* 0.02  —0.11%%* 0.02 -0.10%* 0.04
(0.02-0.10) (-=0.11 to — 0.03) (- 0.15 to — 0.08) (-=0.17 to — 0.02)
Daily routines * Time —0.08*** 0.02 -0.04* 0.02 -0.06%* 0.02 -0.15%* 0.04
(-0.12to - 0.04) (-=0.09 to - 0.01) (= 0.10 to — 0.02) (-0.24t0-0.07)
Level 2
Age 0.10%** 0.02 0.02 0.02 0.04 0.03  0.16%** 0.05
(0.06-0.14) (- 0.03- 0.06) (- 0.01-0.09) (0.06- 0.26)
Gender (Boys) 0.46%** 0.05 —0.27%%* 0.05  —0.44%%%* 0.06 —0.24%* 0.12
(0.36-0.55) (-0.38t0—-0.17) (- 0.56 to — 0.33) (-0.47 to - 0.02)
Age * Time —0.04* 0.01 -0.02 0.01 -0.03* 0.01 -0.08%* 0.03
(-=0.06 to — 0.01) (- 0.04-0.01) (- 0.05to-0.01) (-0.13t0o - 0.02)
Gender * Time —-0.03 0.03  0.04 0.03 -0.02 0.03 -0.04 0.06
(- 0.09- 0.03) (- 0.03-0.10) (- 0.08-0.04) (-0.17- 0.08)
Variance components
Within person (Level 1) 2.13%%:% 2.87%% 3.1k 12.17%%*
Between person (Level 2) 0.27%%:* 0.28%#:% 0.55%%#:* 1.60%**
Proportion explained
R? within 0.49 0.33 0.22 0.27
R? between 0.13 0.07 0.05 0.02
ICC 0.07 0.06 0.12 0.11

Note: T1 N=3718; The time variable was centered to reflect years of schooling since baseline (e.g. 0, 1, 2, and 3). Age was cen-

tered to the mean age (14.5y); p <.05%, p<.01*%*, p <.001%**

p<0.001). In contrast, inhalant use declined from 2.3% at
baseline to 1% at the end point (X2= 21.03; p<0.001), while
prescription drug misuse showed no significant change from
1.8% at baseline to 1.4% at the end of the study (x*=2.01;
p=0.16). Students who reported greater structured and con-
sistent daily routines during the pandemic reported signifi-
cantly lower increases in depression, anxiety, somatization
symptoms, and digital media use. However, daily routines
had relatively little effect on reducing the relationship
between time and tobacco smoking trajectories. Social sup-
port emerged as a significant moderator of mental health
symptoms and changes in digital media use.

Adding gender and age to the models yielded sta-
tistically significant improvements in all the models.
Female gender was a significant predictor of greater men-
tal health symptoms, internet and social media use as
well as daily screen time during the pandemic, whereas

male gender was a significant predictor of tobacco, alcohol
and cannabis use. The significant gender X time interaction
indicated that girls experienced a greater increase over the
study period than boys in depressive anxiety, and somatiza-
tion symptoms, and in general distress as reflected in the GSI.

Age was a significant predictor of substance use, daily
screen time, and mental health. The findings indicated
age increases in cigarette, alcohol, cannabis and digital
media use over the course of the study, with greater increases
in cannabis use in the older participants and in digital media
use in the younger participants.
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Table 5 Trends in substance use from September 2019 to May 2022

Fixed effects (Linear growth) Tobacco Alcohol Cannabis
Coefficient SE Coefficient SE Coefficient SE
(95% CI) (95% CI) (95% CI)
Level 1
Intercept 0.053#%%* 0.005 0.068%*** 0.005 0.05%%%* 0.005
(0.043- 0.062) (0.058- 0.078) (0.041- 0.06)
Time 0.012%%%* 0.003 0.031%%* 0.003 0.019%%* 0.003
(0.007- 0.018) (0.024- 0.037) (0.009- 0.029)
Social support —-0.010%* 0.004 —-0.010* 0.004 -0.003 0.004
(- 0.017 to — 0.002) (- 0.017 to — 0.002) (- 0.010- 0.005)
Daily routines 0.007 0.004 0.005 0.004 0.003 0.005
(- 0.001- 0.015) (- 0.004- 0.013) (= 0.006- 0.012)
Social support * Time —-0.001 0.003 —-0.003 0.003 —-0.007 0.003
(- 0.006— 0.004) (= 0.009- 0.003) (- 0.087- 0.074)
Daily routines * Time —0.009%%* 0.003 —-0.005 0.003 0.003 0.003
(- 0.014 to — 0.003) (- 0.011- 0.001) (- 0.003- 0.009)
Level 2
Age 0.032%#%%* 0.003 0.037%#%* 0.003 0.038%** 0.003
(0.026- 0.037) (0.031- 0.043) (0.033- 0.044)
Gender (Boys) 0.015%* 0.007 0.021%%* 0.007 0.026%** 0.007
(0.002—- 0.028) (0.008- 0.035) (0.013- 0.039)
Age * Time — 0.009%** 0.002 —0.004%** 0.002 0.010%* 0.002
(- 0.012 to — 0.005) (- 0.008 to — 0.001) (0.004- 0.016)
Gender * Time 0.001 0.004 —0.005 0.004 —0.006 0.005
(- 0.008- 0.008) (- 0.014- 0.004) (- 0.019- 0.007)
Variance components
Within person (Level 1) 0.037%#:%* 0.046%** 0.044 %%
Between person (Level 2) 0.004%** 0.006%** 0.002*
Proportion explained
R? within 0.46 0.53 0.36
R? between 0.13 0.09 0.23
ICcC 0.08 0.07 0.11

Note: T1 N=3718; The time variable was centered to reflect years

tered to the mean age (14.5y); p <.05%, p<.01**, p<.001

Discussion

The findings indicated a significant increase in overall
reported internalizing symptoms, as well as notable rises in
digital media usage, and the consumption of tobacco, alco-
hol, and cannabis over three academic years in this cohort of
Israeli secondary school students. These results are sugges-
tive of the substantial mental health burden experienced by
the adolescent population in general during the pandemic.
Trend analyses showed that the longer the pandemic per-
sists, the greater the anxiety, depression, and somatization
symptoms and general psychological distress in this cohort.
These findings are consistent with the classic dose-response
effect characterizing the relationship between the magni-
tude of a given stressor and an individual’s response [59].
Here, there was an exacerbation of internalizing symptoms
over the course of repeated lockdowns, home isolations and

@ Springer

of schooling since baseline (e.g. 0, 1, 2, and 3). Age was cen-

quarantines, but also during more routine periods later on
in the pandemic.

Adolescent mental health was already a growing concern
prior to the COVID-19 pandemic. Studies over the last ten
years have attributed mental health problems in adolescents
to the impact of increased screen time and social media use
on teens’ social life [60]. Israel is no exception; the increase
in mental health symptoms has been associated with a con-
comitant recourse to psychological and psychiatric treatment
in the last decade [61]. Thus, the pandemic may have exac-
erbated pre-existing mental health concerns in Israeli teens.

The pandemic brought about radical changes in daily
life that are likely to have affected adolescent mental
health. During the first wave, school closures and remote
learning resulted in an overnight upheaval in routine
and social contacts, which may explain the considerable
increase in depression and anxiety symptoms observed
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at the 9-month follow-up. In the second wave, schools
operated on the basis of a hybrid model, but restrictions
were soon reintroduced, creating additional stress and
uncertainty that may have contributed to the persistently
high levels of internalizing symptoms. However, during
the third wave, the national vaccination campaign may
have reduced the stress and uncertainty associated with
school closures, leading to a slight decrease in internal-
izing symptoms.

‘When adolescents returned to their routine lives, the stress
and anxiety from the pandemic may have been compounded
by the stress of returning to school. This may account for the
increase in somatization observed on the last measurement
point. Long periods of remote learning, restricted contacts
with friends, and disruptions in extracurricular activities
may have also taken a toll on their mental health. These fac-
tors may have led to the accumulation of stress, anxiety, and
depression in the adolescents in this study.

The average total scores for the BSI-18 subscales during
the pandemic ranged from 4.85 to 9.19, which correspond
to very high levels of symptom profiles and psychological
distress. These levels far exceed the Israeli norms for the
BSI, which range from 2.76 to 5.64 and in general are higher
than the British and U.S. norms [49, 58].

Gender differences emerged in the relationships
between pandemic exposure and internalizing symptoms.
Girls had greater increases in depression, somatization, and
general distress scores than boys, whereas boys reported
higher substance use. These findings concur with classic
empirical findings indicating greater internalizing symptoms
among girls and substance use among boys after exposure to
stressful events [62]. Together with the internalizing symp-
toms, the adolescents' use of alcohol, tobacco and cannabis
increased significantly during the study period. However, the
findings suggest a mixed picture, with a small, non-signifi-
cant decrease in tobacco and cannabis use during lockdown
periods, and a significant increase, especially in alcohol con-
sumption during the back-to-school routine period.

The decline in tobacco and cannabis use after the first
wave may be attributed to the lockdown measures that kept
adolescents at home, which reduced their exposure to social
situations that tend to facilitate substance use. On the other
hand, the increase in alcohol use during this period may be
due to its greater availability and accessibility for personal or
social consumption at home. During the second wave, when
schools reopened with a hybrid model and restrictions were
reintroduced, reported substance use levels increased. The
easing of the lockdowns may have allowed for more social
gatherings, while the prolonged period of lockdown may
have caused stress and anxiety, leading to an increase in sub-
stance use. The increase in substance use during the back-to-
school period, during the fourth and fifth waves, may be an
indication of the accumulation of mental health symptoms.

The results also showed an increase in non-school-related
digital media use from the pre-pandemic period to the end
of the study, where adolescents went from an average of 7 h
25 min to an average of 8 h 32 min per day, including 55%
who spent more than 7 h a day on digital media. Although it
makes sense that adolescents who experience mental health
issues, stress, and social isolation may use screen time to
withdraw from stressors, connect with their friends, or man-
age negative feelings, the results indicated that screen use
remained persistently elevated during the gradual relaxing
of quarantine restrictions and the return to school, suggest-
ing that personal or familial rules and norms for media use
changed significantly.

The findings also point to the importance of two key
moderating variables that appeared to have a protective or
buffering effect on adolescents during the pandemic. Social
support from friends and/or caring family members was
associated with fewer depressive symptoms and less screen
use in this sample. This finding is consistent with research
indicating that social support is associated with lower levels
of symptoms and addictive behaviors in stressful circum-
stances [63, 64].

Daily routines were also important. Chronic stress condi-
tions often lead to less regularity and the disruption of usual
routines [65]. Consistent daily routines such as waking up
and bedtime hours, adequate sleep, healthy eating behaviors
and family meals, balanced daily activities such as social-
izing with friends, doing schoolwork, recreation, sports, and
hobbies all moderated the increases in internalizing symp-
toms, digital media use and tobacco. The results suggest
that adolescents who actively engaged in these foundational
activities and had nurturing and supporting relationships
appeared to be more resilient to the mental health challenges
imposed by the pandemic.

Age was significantly related to mental health symptoms
and digital media and substance use, with greater symptoms,
problematic media use, and substance use increases during
the pandemic. Although it is impossible to disentangle the
contextual effects of the pandemic from the developmen-
tal effects, the steeper increases in internalizing symptoms
and addictive behaviors with age highlight the widespread
challenges adolescents continue to face in the wake of the
COVID-19 pandemic. In late adolescence, the develop-
ment of autonomy and expectations of independent func-
tioning and social interaction with peers become dominant.
The current findings suggest that the social isolation and the
curtailment of freedom of movement affected adolescents'
ability to engage in this developmental phase [66].

Limitations

This study has several limitations. The sensitive nature of
this study could have impacted the students' responses and
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led to underreporting of symptoms and substance use as
a result of reporting bias, recall bias, and social desirabil-
ity. This may also explain the low reporting of illicit hard
drug use. Other measures should be considered in the future
to provide a more precise estimation of mental health and
substance use outcomes. Second, the study was based on
self-report questionnaires and should be extended to include
multiple informant reports.

In this study, we had no access to data or medical records
on psychiatric disorders in the sample, which could have
inflated the outcome measures. Future investigations should
account for this factor, given the heightened vulnerability of
children and teens with pre-existing mental health issues and
the increased difficulties of accessing mental health services
[67]. Furthermore, we only measured time spent on digital
media and did not simultaneously assess internet addiction
or problematic internet use. It is worth noting that adolescent
quantitative digital media use was increasing annually before
the pandemic [60], so that the increase in digital media use
observed in this study cannot be solely attributed to the
pandemic.

Finally, this study focused on two potential resilience fac-
tors: social support and daily routines. However, other poten-
tial protective and risk factors may be significant moderators
of the internalizing symptoms and addictive behaviors asso-
ciated with the pandemic, such as loneliness and emotion
dysregulation [34], attachment [68], family cohesion and
adaptability [69], parent—child relationships [70], income
[71], and urban versus rural living area [72]. Further studies
should assess the long list of individual, familial, and social
factors that can affect the symptoms associated with the pan-
demic and the prolonged stressful conditions it generated.

Conclusion

The findings have major implications for policies designed
to respond to the broader consequences of the COVID-19
pandemic on adolescents’ lives. The sharp increases in inter-
nalizing symptoms underscore the urgent need for targeted
mental health support and interventions for this vulnerable
population. It is crucial to acknowledge that these effects can
persist far beyond the pandemic itself, thus highlighting the
importance of long-term mental health care for adolescents
to address and mitigate potential long-lasting consequences.

The observed rises in substance use are concerning,
since breaking away from these newly formed habits can
be difficult. These findings emphasize the need to imple-
ment substance use prevention and intervention programs
specifically designed for adolescents. Ongoing monitoring
and support are vital to addressing the potential long-term
consequences of increased substance use in order to promote
healthier choices and behaviors.

@ Springer

The increased reliance on digital media usage during
the pandemic points towards the emergence of new norms
among adolescents. As digital platforms have become
integral to communication, education, and entertainment,
their potential impact on adolescents' overall well-being
and social development needs further exploration. Efforts
should be made to promote responsible and healthy digital
media use, by fostering a balanced approach that acknowl-
edges both the benefits and potential risks associated with
excessive screen time. This could involve initiatives centered
on digital literacy that would educate adolescents and their
families about the potential risks and encourage the develop-
ment of healthy digital habits.

The importance of the protective factors of social sup-
port and consistent daily routines found here clearly suggests
that adolescents’ mental health and well-being are deeply
intertwined with their social environments and daily habits.
Investing in fostering supportive relationships, both among
peers and caring family members, can offer crucial support
to adolescents, by enabling them to better navigate the chal-
lenges posed by the pandemic and by promoting resilience
during difficult times. Similarly, encouraging consistent
daily routines can provide stability, structure, and a sense
of normalcy, all of which can positively impact adolescents'
mental health.

Given these findings, it is imperative for schools, parents,
and healthcare professionals to work together to develop
comprehensive strategies to address the multifaceted chal-
lenges faced by adolescents during and beyond the pan-
demic. Enhancing mental health support services, imple-
menting evidence-based substance use prevention programs,
and promoting digital literacy and responsible media use are
all key components of these strategies.
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