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Summary

Background The COVID-19 pandemic posed many mental health challenges to youth through unprecedented infec-
tion control measures such as nationwide school closures. Despite this, few studies have investigated trends in sui-
cide among youth during the pandemic, let alone their reasons.

Methods Population-level data on crude monthly suicide rates (2016—2021) and reasons of suicide (2018—2020)
among youth aged 10-19 years were obtained from the Japanese Ministry of Health, Labour and Welfare and the
National Police Agency, respectively. Using an event study design (with a Poisson regression model to calculate
changes-in-changes (CiC) estimates) and interrupted time series analysis, we investigated changes in monthly sui-
cide rates during the first 12 months of the pandemic (May 2020 to April 2021) compared to pre-pandemic levels
(May 2016 to March 2020). Additionally, we investigated the changes in reasons of suicide (family-related, mental
illness, social concerns, and academic concerns).

Findings In the event study analysis, suicide rates among youth increased during the pandemic relative to pre-pan-
demic levels, especially between August-November 2020 (e.g., ratio of the suicide rate in November 2020 relative to
previous years, 1.86; 95% confidence interval (CI), 1.30 to 2.66). Though suicide levels returned closer to pre-pan-
demic levels by December 2020, they remained slightly elevated into 2021. In the interrupted time series analysis,
suicide rates increased from May to August 2020 (0.099 cases per 100,000 youth per month; 95% CI, 0.022 to
0.176), followed by a decrease from September to December 2020 (-0.086 cases per 100,000 youth per month;
95% CI, -0.164 t0 -0.009). We observed elevated suicide rates for all major reasons from summer to autumn 2020,
especially suicides attributed to family-related problems and social concerns. Furthermore, rates of suicides attrib-
uted to mental illness remained higher than pre-pandemic levels into December 2020.

Interpretation Suicide rates among youth remained slightly elevated compared to pre-pandemic levels into 2021.
The reasons of the increase in suicide rates were multifactorial, including mental health issues and disruptions in
social relationships. During a pandemic, interventions that provide mental support as well as opportunities for regu-
lar social interactions to youth may be beneficial.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has presented unforeseen challenges to youth, whose
lifestyles were drastically changed due to infection con-
trol measures such as nationwide lockdowns and school
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closures." When social distancing constitutes everyday
life experiences, protective factors for mental health (e.
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Research in context

Evidence before this study

Suicide during the COVID-19 pandemic among youth
has been of considerable concern, given that their life-
styles have changed drastically due to lockdowns and
school closures. We searched PubMed for articles up to
March 31, 2022, with search terms “suicide” AND
(“COVID-19” OR “pandemic”) AND (“youth” OR “young
people” OR “adolescents”). Studies have extensively
investigated the trends in suicide during the pandemic
among the general population in Japan and abroad,
which found that suicide rates initially decreased com-
pared to previous years but subsequently increased
into 2021. As for younger populations, studies have sug-
gested that suicide rates among youth decreased or
were unchanged in the first few months of the pan-
demic compared to pre-pandemic levels, after which
suicide rates increased and remained high to the end of
2020. However, trends in suicide rates among youth
during the pandemic into 2021 has yet to be fully eluci-
dated, let alone the reasons for these changes in suicide
rates among youth. To design effective policy interven-
tions to counteract the negative consequences of social
distancing measures on youth, evidence is needed on
the reasons why more youth died by suicide during the
pandemic.

Added value of this study

This nationwide population-based study provides novel
evidence on the trends in suicide rates among youth up
to a year since the start of the pandemic, as well as the
reasons for the changes in suicide rates. We use data
from Japan, where suicide is the number one cause of
death for young people. We provide evidence that sui-
cide rates remained slightly elevated compared to pre-
pandemic levels into March 2021. Rates of suicides
attributed to social concerns, family-related issues, and
academic concerns increased from near the end of sum-
mer break to November 2020 but returned closer to
pre-pandemic levels by the end of 2020. In contrast,
rates of suicides attributed to mental health issues
remained elevated relative to pre-pandemic levels into
the end of 2020.

Implications of all the available evidence

Suicide rates among youth remained elevated relative
to pre-pandemic levels one year into the pandemic. The
reasons for increases in suicide rates during the pan-
demic are likely multifactorial, but rates of suicides
attributed to mental health issues were particularly
increased later into the pandemic. Mental health issues
may have been exacerbated due to cumulative stress
and decreased access to mental health services, likely
stemming from the chronicity of the pandemic. These
findings underscore the importance of providing con-
tinual mental health support for youth with mental
health needs in the pandemic setting.

g., schooling, social support, and community support)
are substantially disrupted.” These adverse effects of the
pandemic on youths’ mental health might be exacer-
bated by fear of contagion, deaths of friends or family
members, self-isolation, and physical distancing.” Thus,
suicide among youth has become a topic of concern as
the pandemic continues to affect the general popula-
tion,’ especially in Japan, where suicide has been the
number one cause of death for young populations.*
Studies have extensively investigated the trends in sui-
cide during the pandemic among the general popula-
tion in Japan® ° and abroad,”’® which found that
suicide rates initially decreased compared to previous
years® but subsequently increased into 2021. Of note,
two studies provided robust evidence that suicide rates
among younger populations in Japan increased later
into the pandemic in 2020, after accounting for time
trends and seasonality.”®

However, studies have not provided updated evi-
dence on trends in suicide among youth into 2021, nor
have they thoroughly delineated the reasons why more
youth may have died by suicide during the pandemic.
Investigating the mechanisms for the changes in sui-
cide rates is essential, as one could hypothesize that the
social distancing measures and school closures imposed
during the pandemic could have affected youth in vari-
ous, possibly conflicting ways: school closures may have
removed certain youth from exposure to stressful social
interactions such as bullying in school,” but they may
also have forced youth to remain exposed to adverse
experiences at home.” Additionally, school is an impor-
tant social buffer that could reduce inequalities through
exposure to culture and knowledge for all students. For
effective policy interventions to counteract the negative
consequences of lockdowns and school closures during
the pandemic on youth, more evidence is needed on the
mechanisms by which more youth died by suicide dur-
ing the pandemic than before the pandemic.

In Japan, national-level school closures were imple-
mented from March to May 2020. Students in Japan
are typically on spring break from late March to early
April, on summer break from late July to late August,
and on winter break from late December to early Janu-
ary. Thus, in 2020, students attended school in-person
for only a month between March and August 2020.
While the pandemic eventually led to the introduction
of online classes in many schools, it is likely that a
majority of students did not attend them during the
school closures early in the pandemic: according to a sur-
vey by the Japanese government, fewer than half of pri-
mary or secondary school students reported taking
classes online in May 2020.”% We hypothesized that such
changes in school life, along with the numerous states of
emergency declared in Japan in 2020 and 2021, may
have caused major disruptions in youths’ lifestyles.

Thus, we conducted the present study to provide
updated evidence on the national trends in suicide rates
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among youth in Japan during the COVID-19 pandemic
into 2021. Furthermore, by examining trends in reasons
of suicide, we aimed to provide possible explanations for
the changes in suicide rates among youth in Japan dur-
ing the pandemic.

Methods

Study design, data source, and population

We conducted an observational study to investigate the
national trend in suicide rates during the COVID-19
pandemic among youth aged 10-19 years. Japan offers a
unique opportunity to investigate this, as the Japanese
government collects and releases monthly data on not
only the total number of suicides in the nation but also
the number of suicides attributable to specific causes or
motives.*'# Data on monthly suicides were obtained
from Japan’s Ministry of Health, Labour and Welfare
(MHLW) from April 2016 to April 2021, using the most
up-to-date data available.” Data on monthly suicides for
each reason of suicide from January 2018 to December
2020 were obtained from the suicide statistics collected
by the National Police Agency (NPA) and released by
the MHLW annually;* for each documented suicide, the
NPA registers up to three causes or motives that can be
clearly inferred from available evidence such as suicide
notes and interviews of the bereaved.” Data on the
national population for each month were obtained from
the Ministry of Internal Affairs and Communications.'®
All data were publicly available (data on suicides,
https:/ /www.e-stat.go.jp/stat-search/files?page=1&layout=
datalist&toukei=oo0450011&tstat=000001028897&cy
cle=1&tclassz=000001053058&tclass2=000001053060&
result_back=1&tclass3val=0; data on reasons of suicide,
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/
hukushi_kaigo/seikatsuhogo/jisatsu/jisatsu_year.html).

Measurements

Crude monthly suicide rates (per 100,000 population)
were calculated by dividing the number of suicides by
the national population of youth aged 10-19 years. Addi-
tionally, we examined trends in suicide rates by differ-
ent reasons of suicide. The population of all individuals
aged 10-19 years living in Japan was used for the total
monthly suicide rates and the population of all Japanese
individuals aged 10-19 years in Japan was used for the
monthly suicide rates for each reason for suicide, owing
to the difference in how data are collected by the
MHLW and the NPA.*+'

The NPA classifies each cause or motive of suicide
into six categories regardless of the age group, and
some of the causes or motives in each classification are
heterogeneous and may not necessarily belong in the
same category in the context of the pandemic.* For
instance, “concerns about entrance exams” and
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“bullying” are both placed in the “school issues” cate-
gory, but these two motives of suicide have different
meanings in the context of infection control measures
imposed during the pandemic: while the former may be
related to academic concerns resulting from school clo-
sures, the latter is likely influenced by disruptions in
social relationships from not seeing peers regularly.
Thus, based on the expert opinion of a child psychiatrist
with 20+ years of clinical and research experience, we
grouped the causes and motives of suicides that were
hypothesized to have a meaningful impact on youth in
the pandemic setting into four domains: family-related,
mental illness, social concerns, and academic concerns.
The reasons of suicide we considered were as follows:
disagreements with parents, disagreements with other
family members, discipline and scolding, being abused,
depression, schizophrenia, other mental disorders, dis-
agreements with friends, bullying, romantic relation-
ships, other social relationships, entrance exams,
concerns about one’s future course, and grades. The
family-related domain consisted of suicides attributed to
disagreements with parents, disagreements with other
family members, discipline and scolding, and being
abused. The mental illness domain consisted of suicides
attributed to depression, schizophrenia, and other men-
tal disorders. The social concerns domain consisted of
suicides attributed to disagreements with friends, bully-
ing, romantic relationships, and other social relation-
ships. The academic concerns domain consisted of
suicides attributed to entrance exams, concerns about
one’s future course, and grades. These causes and
motives accounted for about 70% of all documented rea-
sons for suicide among individuals 19 years of age or
younger from January 2018 to December 2020, and
many of the remaining reasons were classified as
“other” and were unspecified.*

The beginning of the pandemic was defined as April
2020. In Japan, though the first case of COVID-19 was
identified in January, cases began spreading rapidly into
April 2020, when a state of emergency was declared.
Although there have been no national-level school clo-
sures since May 2020, a total of four declarations of a
state of emergency (April 7 to May 25, 2020, January 8
to March 21, 2021, April 24 to June 20, 2021, and July
12 to September 30, 2021) have been made as of Decem-
ber 2021, during which restrictions on dining out, social
events, and traveling were imposed. Although the gov-
ernment did not punish individuals for not complying
with these restrictions, Japan saw drastic declines in
public outings, especially during the first few declara-
tions. Even when declarations of emergency were not
imposed, the public has been asked to refrain from
social gatherings throughout the course of the pan-
demic. Furthermore, many schools, especially universi-
ties, have refrained from giving in-person classes due to
concerns of infection, even after the national-level
school closures ended.


https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00450011&tstat=000001028897&cycle=1&tclass1=000001053058&tclass2=000001053060&result_back=1&tclass3val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00450011&tstat=000001028897&cycle=1&tclass1=000001053058&tclass2=000001053060&result_back=1&tclass3val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00450011&tstat=000001028897&cycle=1&tclass1=000001053058&tclass2=000001053060&result_back=1&tclass3val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00450011&tstat=000001028897&cycle=1&tclass1=000001053058&tclass2=000001053060&result_back=1&tclass3val=0
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Statistical analyses

We first plotted the trend in monthly suicide rates dur-
ing the pandemic (April 2020 to April 2021) compared
with rates before the pandemic (April 2016 to March
2020) using means and 95% confidence intervals
assuming a normal distribution.

Second, using an event study design, we created a
Poisson regression model to estimate the changes in
suicide rates (as changes-in-changes (CiC) estimates)”
for each month during the pandemic compared to
monthly suicide rates before the pandemic. We checked
that the assumptions of the Poisson model were met by
conducting a regression-based significance test for over-
dispersion by Cameron and Trivedi.”® The event study
design is a widely used method in the economics litera-
ture’ (and recently in the public health literature)>*>°
that estimates the impact of an event on the outcome by
comparing the observed outcomes after an event to the
expected values estimated based on the pre-event trends.
CiC estimates are difference-in-differences estimates in
relative scales, representing the relative change of the
suicide rate during the COVID-19 pandemic compared
with the expected suicide rates estimated from pre-pan-
demic data. Our model specification is as follows:

6o
log(ye) = yi +8t+ Y pde +e,

r=s50

where ¢ represents the time in months from May 2016,
y: represents the suicide rate, y, is an indicator for calen-
dar time (month fixed effects) to account for seasonality,
8t is the linear pre-pandemic trend, u, represents the
change in outcome relative to the linear pre-pandemic
trend at time r (CiC estimate at each pandemic month,
which starts at month 5o (May 2020) and ends at
month 6o (March 2021)), our parameter of interest,
d, represents a dummy variable equal to 1 if t is equal to
r and o otherwise, and ¢ represents the error term. We
set April as the reference month, and data from May
2016 to April 2021 were used.

Additionally, we conducted an interrupted time
series analysis (ITSA) of monthly suicide rates using
data from May 2016 to April 2021, dividing the pan-
demic period into three periods (May to August 2020,
September to December 2020, and January to April
2021) to investigate trends in suicide rates during the
pandemic. We fit the following linear regression model:

Yt = Yo + at + B,pandemic, ; + 6;pandemic, (T, ¢
+ B,pandemic, ; + 6,pandemic, (T, ¢
+ B,pandemic, ¢ + 6;pandemic, (T, + + ¢,
where t represents the time in months from May 2016,

y: the suicide rate, y, the suicide rate in May 2016 (the
intercept), T, , the time in months since April 2020, T,

the time in months since August 2020, T;, the time in
months since December 2020, pandemic,, an indicator
for May to August 2020, pandemic,, an indicator for
September to December 2020, pandemic, , an indicator
for January to April 2021, and ¢ the error term. Our
parameters of interest are 8 and 6, which represent the
level change and the slope change, respectively, in sui-
cides per 100,000 population in a given period during
the pandemic (May to August 2020, September to
December 2020, or January to April 2021) relative to
pre-pandemic. Additionally, we created a separate
model adjusted for the seasonality in suicide rates by
introducing a Fourier term to the above linear
regression.”

Finally, to investigate the changes in reasons of sui-
cide, for each reason of suicide, we used an event study
design with Poisson regression models to estimate the
changes in suicide rates (as CiC estimates) compared to
pre-pandemic (2018 to 2019) for each month between
May to December 2020. We also provided confidence
intervals adjusted for multiplicity using the Bonferroni
method.

All analyses were conducted using R version 4.1.1 (R
Project for Statistical Computing), with packages stats
and MASS.

Analyses stratified by sex

We plotted the trend in monthly suicide rates by sex
during the pandemic (April 2020 to April 2021) com-
pared with rates before the pandemic (April 2016 to
March 2020) using means and 95% Cls assuming a
normal distribution. Additionally, we used an event
study design with a Poisson regression model to esti-
mate the changes in monthly suicide rates by sex. The
results of the analyses stratified by sex are available in
the supplemental material.

Sensitivity analyses

To check the robustness of the event study analyses, we
constructed a linear regression model and a negative
binomial regression model to obtain the difference-in-
difference estimates and CiC estimates of monthly sui-
cide rates, respectively, for each month during the pan-
demic compared to the monthly suicide rates before the
pandemic. Additionally, we constructed a Poisson
regression model without assuming a linear pre-pan-
demic trend by removing the term &t from the afore-
mentioned Poisson regression. The results of the
sensitivity analyses are available in the supplemental
material.

Ethical considerations
All data were publicly available, and thus our study was
exempt from ethical review as per the University of
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Tokyo Graduate School of Medicine’s ethical guidelines
for research.

Role of the funding source

We obtained funding from the Norwegian Agency
for International Cooperation and Quality Enhance-
ment in Higher Education (Project #10012, TroNa
Partnership). The funders were not involved in the
study design, data collection, data analysis, interpreta-
tion, or writing of the report.

Results

Suicide rates began to increase from June and July 2020
compared to pre-pandemic years, though the estimates
were imprecise with wide confidence intervals (Figures
1 and 2). The increase in suicide rates compared to pre-
pandemic years was especially large between August
and November 2020 (Figure 2), with the largest
observed suicide rate relative to the expected suicide
rate in November 2020 (ratio of the suicide rate in
November 2020 relative to pre-pandemic (CiC esti-
mate), 1.86; 95% confidence interval (CI), 1.30 to 2.66).
We also observed increased suicide rates from Decem-
ber 2020 to March 2021, but these increases were
smaller than August to November 2020, and the esti-
mates were imprecise with large confidence intervals
(Figure 2). For instance, the CiC estimate in March
2021 was 1.36 (95% CI, 0.94 to 1.97). Though the analy-
ses stratified by sex revealed similar results, the increase
in suicide rates was more pronounced for females than

males; we observed increased suicide rates among
males only in October and November 2020 (e.g., CiC
estimate for October, 1.67; 95% CI, 1.08 to 2.57), but we
observed larger increases in August, September, and
November 2020 among females (e.g., CiC estimate for
November, 2.34; 95% CI, 1.31 to 4.19) (Figures S1 and
S2). Sensitivity analyses using a linear regression
(Figure S3), negative binomial regression (Figure S4),
and Poisson regression without assuming a linear pre-
pandemic trend (Figure Ss) revealed similar trends as
the primary event study analysis.

In the ITSA, suicide rates increased sharply from
May to August 2020, followed by a decrease from Sep-
tember to December 2020. From January 2021, the
trend in suicide rates was similar to pre-pandemic
(Figure 3). Both the unadjusted analysis (solid line in
Figure 3) and analysis adjusted for seasonality (dotted
line in Figure 3) revealed similar results. Here, we pres-
ent the detailed estimates from the adjusted analysis. In
May 2016, the monthly suicide rate was an estimated
0.372 cases per 100,000 youth, and the suicide rate
increased by 0.003 cases per 100,000 youth per month
(95% CI, o.001 to 0.004) until April 2020. In the first
month of the pandemic period (May 2020), the suicide
rate decreased by o.160 deaths per 100,000 youth (95%
CI, -0.378 to 0.057), followed by an increasing trend
(relative to pre-pandemic) of +0.099 cases per 100,000
youth per month (95% CI, 0.022 to 0.r76) from May to
August 2020. In September 2020, the suicide rate was
0.379 deaths per 100,000 youth (95% CI, o0.160 to
0.598) greater relative to pre-pandemic, followed by a
decreasing trend of -0.086 cases per 100,000 youth per

1.00

o
3
o

Suicide deaths per 100,000 population
o o
N o
(4] o

0.00

2016-2020 (95% Cl)
=& 2020-2021
2021

Sép
Month

Apr May Jun Jul Alg

Figure 1. Trends in suicides per 100,000 population among youth.

O'ct

Nov Dec Jan Feb Mar

Shown in green are the monthly suicide rates from April 2020 to March 2021, in blue is the suicide rate in April 2021, and in red
are means of monthly suicide rates from May 2016 to April 2020 and their 95% confidence intervals, assuming a normal distribution.

Cl, confidence interval.
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Month Estimate (95% CI) P-value
May 2020 - - 0.92 (0.62,1.36)  0.66
Jun 2020 u 1.40 (0.98,2.00) 0.06
Jul 2020 E u 1.36 (0.94,1.97)  0.11
Aug 2020 i O 1.72 (1.22,2.42)  0.00
Sep 2020 5 1 1.50 (1.07,2.10)  0.02
Oct 2020 ; 1.62 (1.14,2.32)  0.01
Nov 2020 ; O 1.86 (1.30,2.66)  0.00
Dec 2020 —1 1.13(0.77,1.67)  0.52
Jan 2021 5 u 1.30 (0.91,1.85)  0.15
Feb 2021 — = 1.16 (0.80, 1.68)  0.44
Mar 2021 : u 1.36 (0.94,1.97)  0.11
ds 15 1% 25

Smaller than pre—pandemic Greater than pre—pandemic

Figure 2. Changes-in-changes (CiC) estimates of suicides per 100,000 population among 10- to 19-year-olds between May 2020 and

March 2021 relative to pre-pandemic months.

Shown are CiC estimates under a Poisson regression model using an event study design, 95% confidence intervals, and P-values.

Cl, confidence interval.
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Figure 3. Results of the interrupted time series analysis. Shown are unadjusted results (solid line) and results adjusted for seasonality

(dotted line).

In both the adjusted and unadjusted results, suicide rates increased from May to August 2020, followed by a decrease from Septem-
ber to December 2020. From January 2021, the trend in suicide rates was similar to pre-pandemic. Both trends were analyzed using lin-
ear regression models. The detailed results of the interrupted time series analyses are available in the supplemental material.

month (95% CI, -0.164 to -0.009) from September to
December 2020. In January 2021, the suicide rate was
0.113 cases per 100,000 youth (95% CI, -0.105 to 0.331)
greater relative to pre-pandemic, followed by a nearly

stable trend of -0.019 cases per 100,000 youth per
month (95% CI, -0.096 to 0.058) from January to April
2021. The full results of the ITSA are available in the
supplemental material.
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We observed elevated suicide levels for all major rea-
sons (family-related, mental illness, social concerns,
academic concerns) from summer to autumn 2020
(Figure 4). Of note, rates of suicides attributed to fam-
ily-related problems and social concerns were dispropor-
tionately higher in August 2020 (CiC estimate for
family-related problems, 9.36 [95% CI, 2.13 to 41.18];
CiC estimate for social concerns, 7.13 [95% CI, 1.58 to
32.15]). Furthermore, the increase in rates of suicides
attributed to mental illness was prolonged and
remained higher than pre-pandemic levels into Decem-
ber 2020 (CiC estimate, 5.12; 95% CI, 1.49 to 17.62).
Results were generally consistent after adjusting for
multiplicity, though estimates for academic concerns
were especially imprecise (Figure SG6).

Discussion

Principal findings

Suicide rates among youth in Japan were consistent
with suicide rates in the pre-pandemic period in the ini-
tial months of the pandemic, but increased from June
2020, peaking in summer to autumn 2020. Suicide
rates returned closer to pre-pandemic levels by Decem-
ber 2020. These findings corroborate results from previ-
ous studies, which found that suicide rates initially
decreased compared to previous years’ but subsequently
increased later in 2020.”® We found that suicide rates
among youth remained slightly elevated compared to
pre-pandemic levels into March 2021. Furthermore, by
examining trends rates of suicides attributed to different
reasons, we provide explanations for the changes in sui-
cide rates during the pandemic.

Possible explanations of trends in suicide rates during
the pandemic

Our finding that suicide rates were not increased in the
initial months of the pandemic® but was followed by an
increase has been described previously,” although evi-
dence from previous epidemics seem to be more
mixed.”*** A similar trend in suicides is commonly
seen among people affected by natural disasters and
war, a phenomenon termed the “honeymoon
effect.”*#*> For instance, a group of researchers
reported that in the aftermath of the 2011 earthquake
and tsunami in Japan, suicide rates in Fukushima,
Japan declined in the two years immediately following
the disaster but exceeded pre-disaster levels in the third
year.® The authors attributed the initial decline to a
“collective feeling of concern and altruism” and the sub-
sequent rise in suicide rates to the setting in of the real-
ity, such as the demoralization and anxiety and changes
in lifestyles. This “honeymoon effect” could explain the
unelevated suicide rates during the initial months of the
pandemic.
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The rise in suicide rates in summer to autumn 2020
is likely multifactorial; peaks in suicide rates for each
domain compared to pre-pandemic were generally con-
centrated in summer to autumn 2020. After being
away from school for several months during the two
consecutive breaks from school (school closure from
April to May 2020 and summer vacation from July to
August 2020), youth’s stress from having to have to
return to school may have been exacerbated. Our find-
ing that rates of suicides attributed to social concerns
were high in August 2020 compared to pre-pandemic
levels could reflect this. This is in contrast to our
hypothesis that school closures may have removed
some youth from exposure to stressful social interac-
tions such as bullying in school,” possibly because
stressful social interactions could persist through online
interactions (e.g., cyber-bullying). Rates of suicides
attributed to social concerns became lower in the
months following (September to December 2020),
likely because there have been no school closures since.
Similarly, rates of suicides attributed to academic con-
cerns rose in June 2020, possibly reflecting youths’
transient stress in keeping up with the school work after
being away from school for such a long time. There
were no school closures imposed from July and Decem-
ber 2020, which could explain why rates of suicides
attributed to academic concerns remained unelevated
during this period.

Interestingly, rates of suicides attributed to family-
related issues followed a distinct pattern: they peaked in
August and November 2020. The reasons for the
bimodal pattern could be multifactorial. First, the stay-
at-home orders may have increased youth’s exposure to
trauma from family members, increasing the risk of
many forms of psychopathology, including anxiety,
depression, and disruptive behavior. Changes in famil-
ial support could explain the sex difference in changes
in suicide rates (females experienced greater increases
than males). A study that evaluated various risk factors
of suicide attempts by sex revealed that the risk factor
with the largest sex difference was familial support: low
support from one’s family significantly predicted sui-
cide attempts for young women, but was unrelated to
suicidal behavior among young men.?” Second, youth
may have suffered from not having a wider social circle
as a consequence of stay-at-home orders that has per-
sisted over the course of the pandemic. For instance,
the Japanese Ministry of Education, Culture, Sports, Sci-
ence and Technology has recommended limiting extra-
curricular club activities to a minimum when the
infection rates are high.*® Recent evidence suggests that
after-school sports programs could improve adolescents’
mental well-being,*® and these social distancing meas-
ures could have acted against the mental health of
youth.

Though suicide rates declined from December 2020,
they remained slightly elevated compared to pre-



2T0T 130110 LT |OA WOd°33dUR[BYY MMM

A B
Family Mental illness
Month Estimate (95% CI) P-value Month Estimate (95% CI) P-value
May 2020 '-—I—> 2.63(0.59, 11.67) 0.20 May 2020 '—-—‘ 1.08 (0.34, 3.48) 0.89
Jun 2020 '——I—‘ 1.82(0.40, 8.33) 0.44 Jun 2020 '-—I—‘ 1.70 (0.59, 4.88) 0.33
Jul 2020 '—I—- 1.11(0.23, 543) 0.89 Jul 2020 '—I—- 1.15(0.34, 3.90) 0.82
Aug 2020 —— —> 9.36 (2.13, 41.18)  0.00 Aug 2020 L 3.85(1.25,11.90) 0.02
Sep 2020 +———— > 3.40(0.84, 13.84) 0.09 Sep 2020 —— 3.00(1.13, 7.94) 0.03
Oct 2020 H—I—> 3.22(0.74,13.92) 0.12 Oct 2020 '—I—‘ 2.83(0.95, 8.37) 0.06
Nov 2020 L 7.81(1.57,38.90) 0.01 Nov 2020 '—I—- 2.75(0.98, 7.73) 0.06
Dec 2020 '——I—- 2.57(0.61, 10.95) 0.20 Dec 2020 L 5.12(1.49,17.62) 0.01
1‘.0 5‘.0 1(;.0 1‘.0 5‘.0 1(;.0
Smaller than pre—pandemic Greater than pre—pandemic Smaller than pre—pandemic Greater than pre—pandemic
Cc D
Social Academic
Month Estimate (95% Cl) P-value Month Estimate (95% CI) P-value
May 2020 '—-I—- 1.53 (0.29, 8.02) 0.62 May 2020 'ﬂ—- 0.78 (0.26,2.37)  0.67
Jun 2020 '—.—‘ 1.26 (0.24, 6.52) 0.78 Jun 2020 '—I—‘ 3.21(1.16,8.87)  0.02
Jul 2020 L 3.82(0.87,16.72) 0.08 Jul 2020 '-—I—‘ 1.72 (0.61,4.86)  0.31
Aug 2020 L 7.13(1.58,32.15) 0.01 Aug 2020 '—I—- 2.20(0.85,5.68) 0.10
Sep 2020 ——— > 3.01 (0.69, 13.20) 0.14 Sep 2020 —— 1.40 (0.52,3.82) 0.51
Oct 2020 H—I—» 3.12(0.67, 14.64) 0.15 Oct 2020 '—‘I—‘ 1.47 (0.53,4.11)  0.46
Nov 2020 L 3.35(0.63, 17.67) 0.15 Nov 2020 v—I—‘ 2.44 (0.86,6.86)  0.09
Dec 2020 '——I—> 2.97 (0.57, 15.44) 0.20 Dec 2020 '—-I—' 1.35(0.51,3.60) 0.55
‘I‘.O 5‘.0 10‘.0 1‘.0 5‘.0 18.0
Smaller than pre—pandemic Greater than pre—pandemic Smaller than pre—pandemic Greater than pre—pandemic

Figure 4. Changes-in-changes (CiC) estimates of suicides per 100,000 population among 10- to 19-year-olds during the pandemic (May to December 2020) relative to pre-pandemic months,
by reasons of suicide.

Shown are CiC estimates under a Poisson regression model using an event study design, 95% confidence intervals, and P-values. Each pandemic month is compared to the correspond-
ing pre-pandemic months in 2016 to 2019. For instance, the estimates for May 2020 represent the CiC estimates relative to May 2016, May 2017, May 2018, and May 2019. Cl, confidence
interval.
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pandemic levels into 2021. This could be explained by
suicides attributed to mental illness, which were most
elevated compared to pre-pandemic levels in December
2020, likely reflecting the cumulative stress due to the
chronicity of the pandemic’® as well as the prolonged
decrease in the access to mental health services and
mental support.>*?" First, youth with mental illness are
known to have high susceptibility to cumulative stress,
and the chronicity of the pandemic may have exacer-
bated the mental health of these youth.> Second, severed
access to mental health support was a concern to many
experts since the start of the pandemic’® Indeed,
patients who presented to pediatric primary care
decreased by nearly 50% compared to previous years in
May 2020, and it is possible that some youth with
mental health disorders did not receive mental health
care due to decreased access to health services from con-
cerns of infection.>** Thus, decreased access to mental
health support was likely an exacerbating factor of men-
tal health problems for youth with mental illness.**?
This is a sharp contrast to rates of suicides attributed to
social or academic concerns, which appeared to have
decreased with more time since the school closure.
Hence, cumulative stress and decreased access to men-
tal health care could explain why suicide rates remained
slightly higher in 2021 than pre-pandemic.

Strengths and limitations
We provide updated evidence on the trends of suicide
rates during the COVID-19 pandemic into 2021 using
population-level data. Furthermore, we provide possible
explanations of the changes in suicide rates using data
on the reasons attributed to the suicides. The robustness
of our findings is corroborated through multiple sensi-
tivity analyses. Experts have stressed the importance of
considering economic, psychosocial, and health-associ-
ated changes induced by the pandemic,*® and, to our
knowledge, our study is the largest population-level
study to date that addresses this to the extent possible.
Our study should be interpreted in light of several
limitations. First, the transportability of our findings to
other countries could be unclear. For example, the
school closure in Japan has been imposed only once
during the pandemic and for a limited duration — from
April to May 2020.” To examine the effects of repeated
or chronic school closures, it would be valuable to inves-
tigate the trends in youths’ suicide and their reasons in
countries where school closures lasted for longer dura-
tions. Additionally, while we investigated the possible
reasons for the changes in suicide rates, it is unlikely
that suicide can be attributed to one cause. Further-
more, the classifications of reasons for suicide we used
were broad and incorporated a number of reasons, indi-
cating the potential presence of misclassification.
Though we tailored the classifications to better fit the
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pandemic setting, alternative classifications may have
revealed different results.

Future studies and implications

Our study suggests that during a pandemic, interventions
that provide mental support as well as opportunities for
regular social interactions to youth may be beneficial. Sui-
cide rates remained elevated compared to pre-pandemic
levels into March 2021, indicating the need to further
monitor suicide rates well into the later phases of the
pandemic. For instance, tracking suicides attributed to
mental illness would be valuable, as they remained ele-
vated into the end of 2020. Such trends should be inter-
preted in light of the steadily decreasing COVID-19 cases
in Japan as of autumn to winter 2021 (which have hit the
lowest levels since the start of the pandemic in autumn
2021) and the easing stay-at-home orders.>**° Though it
is unclear how long the effects of the pandemic on sui-
cide may last, previous evidence from disaster medicine,
which indicated that natural disasters may be associated
with increased suicides at least four years after expo-
sure,*® suggests that suicide rates should be monitored at
least several years from the start of the pandemic.

Conclusion

Suicide rates among youth were initially unelevated in
comparison to pre-pandemic years but increased from
summer 2020. Suicide rates returned closer to pre-pan-
demic levels in winter 2020, but remained slightly ele-
vated compared to pre-pandemic levels into March
2021. The increase in suicide rates may be attributed to
mental health issues and disruptions of regular social
interactions.
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