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Objective: Evidence on the impact of the COVID-19 pandemic on adolescent mental health is mixed and does not disentangle natural age-related
changes. We compared depressive symptoms among 16-year-olds surveyed, at a fourth wave, before or during the pandemic, while accounting for
expected trajectories of within-person change based on 3 prior waves.

Method: In this longitudinal cohort of 3,171 adolescents in Tokyo, Japan, adolescents were grouped based on their age 16 survey timing: pre-
pandemic (February 2019 to February 2020) and during-pandemic (March 2020 to September 2021). Depressive symptoms were self-reported us-
ing the Short Mood and Feelings Questionnaire. Mixed-effect models were fitted to assess group differences while controlling for previous trends.
Variations by sex, household income, and pandemic phase (early, late first-year, and second-year) were examined.

Results: Of 2,034 eligible adolescents, 960 (455 girls) were assessed before and 1,074 (515 girls) during the pandemic. Overall, depressive symptoms
increased by 0.80 points (95% CI 0.28-1.31, 0.15 SD of the population average). This increase varied by sex and pandemic phase. For boys the increase
emerged in the late first-year phase and enlarged in the second-year phase (mean difference from pre-pandemic: 1.69, 0.14-3.24), whereas for girls it
decreased in the early school-closure phase (mean difference: –1.98, –3.54 to –0.41) and returned to the pre-pandemic level thereafter, with no
additional increases during the pandemic.

Conclusion: Into the second year of the COVID-19 pandemic, depressive symptoms of 16-year-olds worsened above the expected age-related change
only in boys. Continuous monitoring and preventive approaches for adolescents at the population level are warranted.

Diversity & Inclusion Statement: We worked to ensure that the study questionnaires were prepared in an inclusive way. We worked to ensure sex
and gender balance in the recruitment of human participants. One or more of the authors of this paper self-identifies as a member of one or more
historically underrepresented racial and/or ethnic groups in science. We actively worked to promote sex and gender balance in our author group. The
author list of this paper includes contributors from the location and/or community where the research was conducted who participated in the data
collection, design, analysis, and/or interpretation of the work.
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merging studies have reported that adolescent
mental health has worsened during the COVID-
19 pandemic.1-5 In addition to the psychological
distress owing to COVID-19 infection, public health
measures implemented to prevent the spread of the virus,
such as school closures, stay-at-home requirements, and
restrictions on social contact and recreational activities, may
have negatively affected adolescent mental health.6 A recent
meta-analytic study reported that the prevalence of clinically
elevated depressive symptoms doubled during the
pandemic, affecting approximately one-fourth of youth
he American Academy of Child & Adolescent Psychiatry
Number - / - 2023
globally.5 Furthermore, the mental health of some groups,
such as girls and adolescents living in less affluent house-
holds, was disproportionally affected by the pandemic,
leading to widening disparity.1,2,5,7

A precise understanding of the impact of the pandemic
on adolescent mental health, particularly depression, is
crucial for designing strategies to mitigate the negative
impact of the pandemic. However, much of the evidence is
from cross-sectional studies or is based on convenient
samples,2,5 making it difficult to adequately assess the
changes associated with the pandemic. Findings from
www.jaacap.org 1
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longitudinal or repeated cross-sectional studies with repre-
sentative data collected before and during the pandemic are
mixed; some studies have reported worsening mental health
of adolescents,1,8-11 while others have reported no
change.7,12-14 Importantly, population average for depres-
sive symptoms increases during adolescence, with varying
ages of peak velocity based on gender.15,16 Therefore, the
observed increase in depressive symptoms during the
pandemic in studies following the same participants over
time could be confounded by expected age- and gender-
related changes during adolescence.8 Furthermore,
population-based repeated cross-sectional studies comparing
pre- and during- pandemic data can be used to examine the
overall population trends.10,11 However, to fully understand
the impact of the pandemic on adolescent depressive
symptoms, a longitudinal study examining within-person
changes associated with the pandemic while considering
individual differences in this change and the age- and
gender-related changes during adolescence is required.17,18

To our knowledge, no studies have taken this approach.
In addition, many studies have been conducted during the
initial months of the pandemic (ie, up to the summer of
2020), when adolescents were experiencing strict stringency
measures, including school closures.1,7,8,12 However, the
impact of the pandemic on adolescent mental health may
change with time, as schools re-open or social distancing
regulations change. Studies from the United States9 and the
Netherlands19 found a small increasing trend in depressive
symptoms during the first year of the pandemic. However,
the trajectory of these trends into the second year of the
pandemic remains largely unknown.

Our use of data from the Tokyo Teen Cohort study
(TTC), an ongoing population-based cohort in Tokyo,
Japan, allowed us to address these gaps in the evidence.
The TTC collected data on adolescent depressive symp-
toms in 3 consecutive waves before the pandemic, when
the participants were aged 10, 12, and 14 years. The age 16
survey was administered before and during the pandemic
between February 2019 and September 2021. Further-
more, the data collection for the TTC continued almost
uninterrupted throughout the pandemic; some participants
were interviewed during the initial months of the
pandemic when the first state of emergency was announced
and school closure was implemented, whereas others were
interviewed in the subsequent school re-opening phase,
followed by the re-introduction of the state of emergency
phase when Japan experienced a surge in the number of
COVID-19 infections. This allowed us to examine the
potential impact of the pandemic on adolescents’ depres-
sive symptoms, both overall and by phase of the pandemic,
including the school closure phase. To the best of our
2 www.jaacap.org
knowledge, the TTC dataset is the only adolescent cohort
study that has assessed mental health outcomes and
continued through the onset of COVID-19, providing a
rare opportunity to understand the nuanced association
between phases of the pandemic and depression severity
over time.

Reflecting the unique feature of the timing of data
collection of the age 16 survey in the TTC, we aimed to
examine whether depressive symptoms of 16-year-olds
surveyed during the pandemic (ie, 18 months into the
pandemic) exceeded that for 16-year-olds surveyed before
the pandemic, while controlling for previous within-person
changes. We also aimed to investigate whether the impact
differed by phase of the pandemic and by sex. Considering
that the pandemic disproportionally affected the economic
status of people living in less-affluent households,20 which
could have led to increased psychological distress among
adolescents from such households,7 we additionally exam-
ined whether the impact differed by household income.
Based on previous reports, we hypothesized that adolescent
depressive symptoms would increase beyond the expected
age-related change during the pandemic, and that this
additional increase would be greater among girls and those
from less affluent households.
METHOD
Study Design and Participants
The TTC is an ongoing population-based cohort study
following the health and development of 3,171 adolescents
born in 3 municipalities in the metropolitan area of Tokyo,
Japan, between 2002 and 2004. The study participants
were recruited from an existing cross-sectional study
(N ¼ 4,478, response rate 44%), which randomly recruited
eligible adolescents based on resident register data and via an
invitation letter and home visits by trained interviewers.21

Of the 4,478 adolescents in the original study, we over-
sampled adolescents in lower-income households and
invited 3,171 adolescents for the second TTC survey. De-
tails of the study recruitment are described elsewhere.21

Data were collected when the participants were aged 10,
12, 14, and 16 years. Of the 3,171 adolescents who
participated in the age 10 survey (conducted between
October 2012 and January 2015), 3,007 participated in the
age 12 survey (conducted between August 2014 and
January 2017, response rate 95%); 2,667 in the age 14
survey (between March 2017 and March 2019, response
rate 84%), and 2,614 in the age 16 survey (between
February 2019 and September 2021, response rate 82%).
We restricted our study sample to individuals with valid
responses for depressive symptoms in the age 16 survey and
Journal of the American Academy of Child & Adolescent Psychiatry
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FIGURE 1 Study Period and the COVID-19 Context in
Tokyo, Japan

Note: The COVID-19 context in Tokyoa (number of newly confirmed cases aver-
aged for 7 days,b state of emergency and semi-state of emergency declaration
period, and school closure period) and the study phases are shown.
aThe population of Tokyo as of 2020 is estimated to be 14 million.
bData obtained from https://data.stopcovid19.metro.tokyo.lg.jp/130001_tokyo_
covid19_patients_per_report_date.csv

ADOLESCENT DEPRESSION DURING COVID-19
depressive symptoms in at least 1 of the 3 previous surveys,
excluding 575 participants. In addition, we excluded par-
ticipants without data on household income in all surveys
(n ¼ 5; Figure S1, available online). All procedures
involving human participants were approved by the Insti-
tutional Review Board of the Tokyo Metropolitan Institute
of Medical Science (approval number: 12-35), SOKENDAI
(Graduate University for Advanced Studies, 2012002) and
the University of Tokyo (10057). Written informed con-
sent was obtained from all parents of the participating ad-
olescents, and informed assent was obtained from all
adolescents.

Procedures
The age 16 survey was conducted before and during the
COVID-19 pandemic from February 2019 to September
2021. In Japan, school closures to prevent the spread of
COVID-19 began on March 2, 2020, followed by the
first nationwide state of emergency declaration on April
7. During the state of emergency period, residents were
requested to avoid non-essential outings and to maintain
social distancing. School closure lasted until May 31,
2020, for most schools in Tokyo Prefecture, and no
further school closures were implemented thereafter.
However, in Tokyo, the second state of emergency
declaration was announced on January 8, 2021, in
response to the increase in the number of COVID-19
patients, which was repeated intermittently until the
fourth declaration ended on September 30, 2021. Under
the state of emergency declaration, schools were requested
to limit extracurricular activities, mainly physical activities
with dense gatherings, to a minimum. Other pandemic
prevention measures in Tokyo included shorter business
hours and restrictions on public gatherings, which
remained relatively stable throughout the declaration.

For this study, we grouped the participants into 2
groups according to the timing of the age 16 survey; the
pre-pandemic group comprised participants who took the
survey between February 2019 and February 2020, and
the during-pandemic group included those who took the
survey after March 2020 up to September 2021. In
addition, to examine the possible different associations
between the pandemic and adolescents’ mental health by
phase of the pandemic, we further divided the during-
pandemic group into 3 groups. The early group
included data collected from March to May 2020, which
corresponds to the school closure period in Tokyo. The
late first-year group included data collected from June to
December 2020, when schools re-opened and social
distancing measures were eased. The second-year group
Journal of the American Academy of Child & Adolescent Psychiatry
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included data collected from January to September 2021,
when the second to the fourth state of emergency were
repeatedly declared, and stricter school restrictions were
implemented (summarized in Figure 1).

Measurements
Depressive symptoms were measured at ages 10, 12, 14,
and 16 using the Japanese version of the Short Mood and
Feelings Questionnaire (SMFQ).22 The SMFQ is a well-
validated 13-item self-reported questionnaire designed to
measure depressive symptoms during the last 2 weeks in
children and adolescents aged 8 to 17 years.16,22 Items
are rated on a 3-point Likert scale, and a total score is
derived for each wave (range 0-26; higher scores indicate
more depressive symptoms). Guided by previous studies
on the SMFQ,23 scores for participants with 1 missing
item (missing in 0.98%-1.83% of the total sample across
waves) were imputed using person-mean scores. The
Cronbach alpha for this study ranged from 0.86 to 0.92
across waves.

Sex (male vs female) was identified based on parental
report. A time-varying indicator of low annual household
income (defined based on the parental report as annual
household income below 4,000,000 yen in the previous
year or not at each wave, which is just below the Japanese
www.jaacap.org 3
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national median household income) was used to consider
the changes in poverty status across waves.

Statistical Analysis
We first conducted descriptive statistics of the study sample
and assessed potential biases by comparing the participants
included in the analysis with those excluded because of
missing data. We then examined the potential impact of the
COVID-19 pandemic on depressive symptoms by
analyzing differences in depressive symptoms at the age 16
survey between the pre- and during-pandemic groups, while
controlling for previous within-person changes using mixed-
effect models. The time variable included in the model was
calculated as the difference in months between March 2020
(ie, the onset of the COVID-19 epidemic in Japan) and
each survey data collection, which was converted to years to
aid interpretation. We included linear and quadratic slopes
to account for the curved shape of average depressive score
trajectories during adolescence.15 All models were adjusted
for chronological age at the age 16 survey, which was grand-
mean centered to age 16 to account for the age differences at
the time of the age 16 survey data collection. In model 0,
intercept, linear, and quadratic slope factors were included.
Model 1 included the COVID-19 pandemic indicator
(defined as an interaction term between the indicator of pre-
or during-pandemic groups and a dummy variable for the
age 16 survey) to examine differences in average depressive
scores between the pre- and during-pandemic groups. In
model 2, to test whether the differences in depressive scores
varied by sociodemographic groups, we included an inter-
action term between the COVID-19 pandemic indicator
and sociodemographic factors (ie, sex and low household
income). All interaction terms were mutually adjusted. As
previous studies showed that average trajectories of depres-
sive scores in adolescence differ by sex, an interaction term
between linear and quadratic slopes and sex was also
included in model 2. To aid the interpretation of the
interaction effects, we conducted a post-estimation analysis
to obtain predicted means for each sociodemographic factor
by pandemic status using the Stata command “contrast,”
and we produced graphs of the predicted values for the
significant interaction effects found in model 2. As an
additional analysis, to investigate whether group differences
in depressive symptoms varied by phase of the COVID-19
pandemic, we repeated the analysis using a 4-level indicator
of the pandemic phases (pre-pandemic, early, late first-year,
and second-year, defined earlier).

Although the proportion of missing data for covariates
was not large (maximum 8.4% for household income), we
obtained and applied inverse probability weights in our
4 www.jaacap.org
analysis to account for non-responses (Supplement 1,
available online). As a sensitivity analysis, we repeated our
main analysis using unimputed depressive scores and
without weights. All analyses were conducted using STATA
version 17SE (StataCorp LLC).
RESULTS
Of the 2,034 participants included in this study (n ¼ 970,
47.3% were girls), 960 (47.1%) were grouped into the pre-
pandemic group, and 1074 (52.9%) were grouped into the
during-pandemic group. Compared to the pre-pandemic
group, participants in the during-pandemic group were
slightly older at the time of age 16 survey data collection
(mean age 16.6 vs 17.0 years). However, the 2 groups did
not differ in the proportion of sex or low household income
across waves. For both groups, mean depressive symptoms
were highest at age 10 years, showed a declining trend to-
ward age 14, and increased again at age 16 (Table 1;
characteristics by pandemic phases are presented in
Table S3, available online). Sample bias analysis revealed
that adolescents with low household incomes in previous
waves and those with higher depressive symptoms at age 10
were more likely to be excluded (Tables S1 and S2, available
online).

Our mixed-effect models revealed that the during-
pandemic group showed 0.796 points (95% CI, 0.283-
1.309) greater increase in depressive symptoms compared to
the pre-pandemic group (corresponding to 0.15 SD of the
age 16 average in the TTC population, model 1, Table 2;
full estimates Table S4, available online). Our interaction
model revealed significant sex differences for the impact of
the pandemic on depressive symptoms, as indicated by the
interaction term for sex and the pandemic (b ¼ –1.228,
95% CI ¼ –2.274 to –0.181, model 2). Post-estimation
prediction showed that for boys, the increase in depressive
scores was 0.968 points (95% CI ¼ 0.151-1.785) higher for
the during-pandemic group than for the pre-pandemic
group. However, for girls, the difference between groups
was small and non-significant (–0.260, 95% CI ¼ –1.248
to 0.729). This sex difference is further illustrated in
Figure 2. No evidence for a difference in depressive symp-
toms associated with the pandemic by household income
was identified.

Our additional analysis by phase of the pandemic
revealed the temporal pattern of group differences in
depressive symptoms during the pandemic (Table 3; full
estimates, Table S5, available online). Taking the pre-
pandemic group as a reference, there was no significant
difference during the early phase (b ¼ –0.575, 95%
Journal of the American Academy of Child & Adolescent Psychiatry
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TABLE 1 Characteristics of the Study Sample by Timing of the Age 16 Survey

Total sample (N ¼ 2,034)

p

Pre-pandemic groupa

(n ¼ 960, 47.1%)
During-pandemic groupb

(n ¼ 1,074, 52.9%)

n %, Mean (SD) n %, Mean (SD)
Mean age at age 16 wave (SD) 960 16.6 (0.3) 1,074 17.0 (0.4) <.0001
Sex
Male 505 53.2 559 53.2 .98
Female 455 46.8 515 46.8

Low household income at
age 10c

No 845 89.7 938 88.5 .44
Yes 83 10.3 106 11.5

Low household income at
age 12c

No 841 91.0 902 90.1 .52
Yes 72 9.0 87 9.9

Low household income at
age 14c

No 849 92.2 888 91.8 .79
Yes 61 7.8 69 8.2

Low household income at
age 16c

No 867 91.6 883 89.7 .18
Yes 72 8.4 90 10.3

Depressive symptoms,
mean (SD)d

Age 10 913 4.9 (4.7) 1,041 4.7 (4.5) .41
Age 12 879 4.0 (4.5) 912 3.8 (4.5) .46
Age 14 866 3.2 (4.6) 881 3.1 (4.7) .73
Age 16 960 3.3 (5.0) 1,074 4.3 (5.5) <.0001

Proportion with clinically
significant depressione

Age 10 89 10.3 77 8.4 .17
Age 12 58 7.0 62 7.3 .81
Age 14 54 6.6 61 7.2 .62
Age 16 83 8.8 122 11.6 .04

Note: Unweighted counts and weighted percentages are shown. Number (n) for household income varies because of missing values. The p values for
group differences are shown.
aData collection conducted between February 2019 and February 2020.
bData collection conducted between March 2020 and September 2021.
cLow household income defined as annual household income below 4,000,000 yen (approximately USD 30,000).
dMeasured based on self-reports of the Short Mood and Feelings Questionnaire.
eDefined as scoring above 12 on the Short Mood and Feelings Questionnaire.

ADOLESCENT DEPRESSION DURING COVID-19
CI ¼ –1.293 to 0.144, model 1). However, a significant
increase emerged from the late first-year phase, which
further increased in the second-year phase (b ¼ 1.188,
95% CI ¼ 0.620-1.757; b ¼ 1.370, 95% CI ¼ 0.568-
2.171, respectively, model 1). The interaction-included
model showed a significant difference in this temporal
pattern according to sex (model 2; Figure S2, available
Journal of the American Academy of Child & Adolescent Psychiatry
Volume - / Number - / - 2023
online). For boys, the temporal pattern followed the
overall pattern, showing a significant increase in the late
first-year phase (mean difference ¼ 1.090, 95% CI ¼
0.147-2.033) and the second-year phase (1.690, 95%
CI ¼ 0.136-3.244). In contrast, for girls, mean depres-
sive symptoms showed a significant decrease during the
early phase compared to the pre-pandemic (–1.976, 95%
www.jaacap.org 5
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TABLE 2 Estimates of Within-Person Change in Depressive Symptoms Associated With the COVID-19 Pandemic (N ¼ 2,034)

Fixed effects

Model 0: time included
Model 1: pandemic
indicator includeda

Model 2a: sex
interaction included

Model 2: sex and
income interaction
mutually includedb

b [95% CI] b [95% CI] b [95% CI] b [95% CI]
Intercept 3.687 [3.256, 4.117] 3.324 [2.840, 3.807] 1.970 [1.446, 2.493] 1.908 [1.378, 2.439]
Slope 0.404 [0.291, 0.517] 0.181 [e0.005, 0.366] e0.179 [e0.413, 0.055] e0.186 [e0.427, 0.055]
Quadratic slope 0.088 [0.072, 0.104] 0.063 [0.040, 0.086] 0.047 [0.018, 0.077] 0.046 [0.015, 0.077]
Age at age 16 survey 0.059 [e0.405, 0.522] 0.003 [e0.464, 0.471] e0.004 [e0.467, 0.459] e0.082 [e0.545, 0.382]
Pandemic
(Ref [ pre-pandemic)

0.796 [0.283, 1.309] 1.350 [0.741, 1.959] 1.428 [0.805, 2.051]

Sex (Ref [ male) 2.924 [2.234, 3.613] 2.939 [2.238, 3.639]
Sex*slope 0.779 [0.410, 1.149] 0.788 [0.410, 1.167]
Sex*quadratic slope 0.034 [e0.012, 0.080] 0.036 [e0.011, 0.083]
Sex*pandemic e1.226 [e2.252, e0.199] e1.228 [e2.274, e0.181]
Low income 1.132 [0.606, 1.658]
Low income*pandemic e0.920 [e2.119, 0.280]
BIC 68256.14 68249.74 68059.21 65955.08

Note: The results show a 1-year increase in time (centered in March 2020). BIC ¼ Bayesian information criterion.
aA pandemic indicator is defined as an interaction term between the indicator of pre- or during-pandemic groups and a dummy variable for the age 16
survey.
bThe interaction between the pandemic indicator, sex, and low household income was included.

FIGURE 2 Predicted Trajectories of Depressive Symptoms Before or During the Pandemic by Sex

Note: Predicted trajectories derived from sex and income interaction included model (model 2). Time is centered to March 2020 (ie, the onset of the COVID-19 epidemic in
Japan, red vertical line in the figure).
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TABLE 3 Estimates of Within-Person Change in Depressive Symptoms Associated With the COVID-19 Pandemic by Phase of the
Pandemic (N ¼ 2,034)

Fixed effects

Model 1: pandemic-phase
indicator includeda

Model 2a: sex interaction
included

Model 2: sex and income
interaction mutually includedb

b [95% CI] b [95% CI] b [95% CI]
Intercept 3.255 [2.771, 3.740] 1.901 [1.377, 2.425] 1.849 [1.317, 2.380]
Slope 0.119 [e0.070, 0.308] e0.238 [e0.475, e0.000] e0.234 [e0.477, 0.009]
Quadratic slope 0.055 [0.031, 0.078] 0.040 [0.010, 0.070] 0.040 [0.009, 0.071]
Age at age 16 survey e0.023 [e0.493, 0.446] e0.026 [e0.492, 0.440] e0.092 [e0.556, 0.372]
Pre-pandemic Ref Ref Ref
Early e0.575 [e1.293, 0.144] 0.471 [e0.433, 1.376] 0.577 [e0.325, 1.480]
Late first-year 1.188 [0.620, 1.757] 1.534 [0.874, 2.193] 1.601 [0.925, 2.278]
Second-year 1.370 [0.568, 2.171] 2.226 [1.171, 3.281] 2.354 [1.175, 3.532]
Sex (Ref [ boy) 2.924 [2.226, 3.622] 2.909 [2.203, 3.616]
Sex*slope 0.778 [0.401, 1.155] 0.769 [0.385, 1.152]
Sex*quadratic slope 0.034 [e0.013, 0.081] 0.034 [e0.014, 0.081]
Sex*pre-pandemic Ref Ref
Sex*early e2.269 [e3.722, e0.817] e2.311 [e3.799, e0.824]
Sex*late first-year e0.721 [e1.864, 0.422] e0.788 [e1.946, 0.370]
Sex*second-year e2.015 [e3.598, e0.433] e1.724 [e3.485, 0.037]
Low income 1.133 [0.606, 1.659]
Low income*pre-pandemic Ref
Low income*early e0.483 [e3.098, 2.131]
Low income*late first-year e1.022 [e2.531, 0.487]
Low income*second-year e1.328 [e4.063, 1.406]
BIC 68235.86 68054.69 65973.90

Note: The results show a 1-year increase in time (centered in March 2020). The phase of the pandemic was defined based on the timing of data
collection for the age 16 survey (pre-pandemic: between February 2019 and February 2020; early: between March and May 2020; late first-year: be-
tween June and December 2020; and second-year: between January and September 2021). BIC ¼ Bayesian information criterion.
aA pandemic-phase indicator was defined as an interaction term between the indicator of the phase of the pandemic and a dummy variable for the
age 16 survey.
bThe interaction between the pandemic-phase indicator, sex, and low household income was included.

ADOLESCENT DEPRESSION DURING COVID-19
CI ¼ –3.545 to –0.406) and returned to the pre-
pandemic level thereafter (0.302, 95% CI –0.825 to
1.429 for late first-year phase; –0.034, 95% CI ¼ –1.883
to 1.814 for second-year phase). Our sensitivity analysis,
using unimputed depressive symptoms and without non-
response weights, revealed similar results (Table S6,
available online).
DISCUSSION
Using data from a prospective population-based cohort of
adolescents in Tokyo, this study estimated the potential
impact of the pandemic by comparing adolescent depressive
symptoms before or during the pandemic while controlling
for previous within-person changes. Our mixed-effect
models revealed that depressive symptoms increased dur-
ing the pandemic beyond the expected age-related changes.
Although girls showed higher average depressive symptoms
than boys, additional increases in depressive symptoms
Journal of the American Academy of Child & Adolescent Psychiatry
Volume - / Number - / - 2023
during the pandemic were observed only for boys. Further
analyses by phase of the pandemic revealed that compared
to the pre-pandemic group, marked increases emerged in
the late first-year phase and enlarged in the second-year
phase for boys, whereas, for girls, depressive symptoms
showed a significant decrease in the early phase when
schools were closed and returned to the pre-pandemic level
thereafter.

Overall, we found that depressive symptoms among
16-year-olds increased during the pandemic, in line with
findings from previous longitudinal or repeated cross-
sectional studies conducted in Europe and the Americas
(mostly in North America; 1 study from Peru was
included in a multi-cohort study).1,9-11 Our study
extended these previous studies by demonstrating a sig-
nificant increase even after accounting for within-person
differences and natural age-related changes during
adolescence. In our study, the observed increase was
relatively small (0.8 points on the SMFQ corresponding
www.jaacap.org 7
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with 0.15 SD of the age 16 average), which corresponds
with the results of other population-representative
studies.10,11 For example, a population-based repeated
cross-sectional study conducted in Iceland found a small
increase in depressive symptoms in the late first year of
the pandemic (N ¼ 59,701, effect size ¼ 0.16 for 16-
year-olds),10 and another such study conducted in Nor-
way also found a small increase in the early second year
of the pandemic (N ¼ 227,258, effect size ¼ 0.08).11

This similarity in findings, despite the differing
COVID-19 infection intensity or public health measures
taken across countries,24 suggests that the average impact
of the pandemic on adolescents’ depressive symptoms
could be similar, at least across high-income countries.
Given that even subclinical depressive symptoms during
adolescence may have a lasting negative impact on psy-
chosocial outcomes into adulthood,25 such a small in-
crease may not be negligible at the population level.

In contrast to our hypothesis, the increase in
depressive symptoms associated with the pandemic was
observed only among boys; the increase in girls was
within the expected age-related change. This finding
contrasts with previous longitudinal studies1,7,10,11 and
meta-analyses,2,5 which showed that the pandemic dis-
proportionally affected girls’ mental health. This could be
due to methodological differences, such as a cross-
sectional design2,5 or not having accounted for the
normative age- and gender-related changes in depressive
symptoms in previous studies.1,7,10,11 Indeed, a recent
meta-analysis of European-based studies reported that the
pooled estimate for an increase in depressive symptoms
was higher for older adolescent boys aged 16 to 19 years
than for girls when limited to low/moderate-risk-of-bias
studies.4

Analysis by phase of the pandemic revealed that the
increase among boys was driven mainly by the increase
during the late first-year and second-year phases, which may
reflect the country’s context regarding the pandemic and the
social restrictions implemented. In Japan, school closures
were limited to the first few months of the pandemic.
However, school restrictions, including wearing masks, pro-
hibition of talking during lunchtime, and physical distancing
measures, were implemented for an extended period. In this
regard, wearing face masks in school, in particular, reportedly
impairs facial emotional recognition and affects the quality of
communication or interpersonal relationships.26 As women
are generally reported to have better facial-emotional recog-
nition,27 the negative impact of wearing face masks may have
affected boys more significantly. Furthermore, school extra-
curricular activities, mainly physical activities with dense
gatherings, were limited to a minimum when the state of
8 www.jaacap.org
emergency was re-introduced (corresponding to the second-
year phase in our study). The prolonged constraints on
school physical activities could have increased distress,28,29

particularly among boys.30 Another explanation could be
related to sex differences in coping styles and associated
gender-based social norms. Some studies report that adoles-
cent boys are more reluctant than girls to seek help for their
mental health problems,31 and this tendency may be more
prevalent in masculine societies such as Japan.32,33 In situa-
tions of prolonged reduction in interpersonal contact due to
social distancing measures, Japanese boys might have expe-
rienced particular difficulty seeking support to cope with
their distress.

Interestingly, compared to the pre-pandemic period,
the average depressive symptoms of girls improved during
the initial school closure period and returned to the pre-
pandemic level in the following school re-opening period.
Some studies have reported a positive aspect of school
closure on adolescents’ lives, including less academic pres-
sure, less interpersonal stress such as bullying, and longer
sleep time.34 Adolescent girls, compared to boys, reportedly
experience more stress due to school demands or peer re-
lationships, which may partly explain the gender gap in
depressive symptoms in adolescence.35,36 Time away from
school may have lessened school-related stress, resulting in
improved depressive symptoms among girls. Exploring the
underlying mechanism for the observed results, including
sex differences, is vital for approaches to better support the
mental health of adolescents during and beyond the
pandemic.

We found no clear evidence for the difference in the
effect of the pandemic on adolescent depressive symptoms
by household income as of up to September 2021. This
may, in part, reflect the effectiveness of government benefits
and schemes provided in Japan to buffer the adverse eco-
nomic impact of the pandemic, particularly among low-
income households.20 Some examples of government ben-
efits include the COVID-19 Employment Adjustment
Subsidy to maintain employment, which helped prevent a
large increase in unemployment during the pandemic,20

and cash payment to all residents, which supported the
livelihood of the people.20,37 Nevertheless, adolescents from
low-income households had higher depressive symptoms,
irrespective of the pandemic, highlighting the need for
further approaches to support their mental health in the
long term.

Our study needs to be interpreted in light of several
limitations. First, although our analyses provided a clearer
picture of the changes in adolescent depressive symptoms
during the pandemic, this study cannot offer evidence of
the causal effect of the pandemic; the observed changes
Journal of the American Academy of Child & Adolescent Psychiatry
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could be due to societal changes unrelated to the
pandemic. Relatedly, we did not have information on
whether the participants were directly infected with
COVID-19. Although the sequelae of COVID-19
infection are reported to be smaller in children than
in adults, such sequelae could have influenced the
depressive symptoms of adolescents.38 Second, TTC is
designed to represent adolescents in Tokyo. However,
our sample bias analysis revealed that adolescents with
low household incomes in previous waves and those
with higher depressive symptoms at age 10 years were
more likely to be excluded, which could be a source of
bias. Third, we identified family poverty based on
parent-reported annual household income in the previ-
ous year, which may not have captured the economic
hardships that emerged during the pandemic. Future
studies assessing the association between changes in
family economic status during the pandemic and
adolescent mental health are important to better un-
derstand whether the pandemic had a disproportional
impact on the disadvantaged. Fourth, our results are
specific to adolescents living in Tokyo, Japan. Although
our overall findings correspond with those of studies
conducted in other high-income countries,9-11 the situ-
ation may be different for adolescents in other contexts,
for example, those living in low- to middle-income
countries.39 Finally, our study covered a relatively long
period from the beginning of the outbreak into the
second year of the pandemic, which demonstrates the
temporal patterns of depressive symptoms by phase of
the pandemic. Although we found that the increase in
the depressive symptoms of boys was largely due to the
increase during the late first-year and second-year phases,
we cannot distinguish whether these phases had a spe-
cific acute effect on depressive symptoms. Furthermore,
we cannot distinguish whether the pandemic had a
visible impact in these phases simply because it has
lasted for a longer time, resulting in the culmination of
increased stress. Given that the pandemic and associated
social changes have continued beyond our study period,
studies extending the study period further are required
to derive a more nuanced picture of the pandemic’s
long-term impact on adolescent mental health.

Our findings offer robust evidence for a small but
significant increase in adolescents’ depressive symptoms
during the pandemic, highlighting the need to provide
preventive approaches for this age group at the population
level. Although consideration should be given to girls and
those from less affluent households who showed higher
depressive symptoms irrespective of the experience of the
pandemic, the enlarging impact of the pandemic over time
Journal of the American Academy of Child & Adolescent Psychiatry
Volume - / Number - / - 2023
on depressive symptoms among boys requires attention.
Further studies clarifying the underlying mechanism for
the observed results will aid the provision of tailored ap-
proaches to mitigate the negative impact of the pandemic
and to better support the mental health needs of adoles-
cents.
Accepted September 28, 2023.
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