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ARTICLE INFO ABSTRACT

Keywords: During the COVID-19 pandemic in Japan, various measures have been implemented to prevent the spread of

Suicide B infection, including restrictions on human mobility. A dynamic fluctuation in the number of suicides has been

gumfm mobility observed during this period. The question is whether the increase/decrease in suicides during the pandemic is
estriction

related to changes in human mobility. To answer the same, we estimated incidence rate ratios (IRR) of suicide for
changes in human mobility using the relative number of suicides by month from March 2020 to September 2021,
based on the same months in 2019 as reference. The IRR of suicide during the pandemic were significantly lower
in the months when mobility decreased—in both the previous and current month—than in the months when
mobility was stable; the IRR of suicide were statistically higher in the months with increased mobility compared
with the stable months. The burden from a decrease in one’s mobility, which might lead to an increase in suicide,
may not occur immediately, as seen in the delayed effects of unemployment. It may be important to investigate
people’s mental health and stress levels after pandemic restrictions were relaxed. The findings may help prac-
titioners and families consider the timing of intervention.

COVID-19, Japan

1. Introduction

The coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
detected in December 2019 and continues today through several vari-
ants, persisting as a critical pandemic (Cirrincione et al., 2022). In
Japan, COVID-19 infections began to spread in March 2020, with five
waves, peaking in August 2021 (Ministry of Health Labour and Welfare,
2022). Since then, the number of infections has decreased sharply, and
the declared state of emergency was lifted at the end of September 2021.
However, the new variants have led to an increase in the number of
infections once more (Karim and Karim, 2021), and Japan is in the midst
of the sixth wave in early 2022.

These circumstances have led to several changes in people’s life-
styles, such as the amount of teleworking; human mobility has been
especially restricted worldwide (Zhang et al., 2022). In Japan, various
messages have been issued and measures have been implemented during
the pandemic; a state of emergency was also declared to contain the

* Corresponding author.
E-mail address: kunihikot.dsc@tmd.ac.jp (K. Takahashi).
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spread of the disease. However, when the disease was believed to be
under control, the “Go To” campaign encouraged citizens to resume
social activities (Anzai and Nishiura, 2021; Karako et al., 2021).
Consequently, the pandemic has created a dynamic change in human
mobility (Nagata et al., 2021), which might be reflected in the magni-
tude of the social impact of the various measures.

Changes in people’s mobility can affect their mental health (Gim-
brone et al., 2021). Recent reports investigated the positive association
between reduced mobility and an increase in psychological distress
(Devaraj and Patel, 2021), specifically, feeling lonely (Murayama et al.,
2021) when one’s mobility decreases. A decline in mobility may also
associated with declining in people’s well-being, (Chakrabarti et al.,
2021) economic consequences and the frenzies and anxieties due to the
unknown features of the new virus. In other words, changes in human
mobility are an indicator that reflects various social changes, the related
deterioration in mental health and well-being may be related to an in-
crease in suicidal tendencies. Several studies have investigated the
impact of the pandemic on mental health and suicide in Japan (Fushimi,
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2021; Ueda et al., 2021).

Various studies have indicated that suicide trends in Japan changed
shortly after the COVID-19 pandemic began (Anzai et al., 2021; Kikuchi
et al., 2022; Tanaka and Okamoto, 2021). The studies showed that the
number of suicides increased by 37% during the pandemic relative to
pre-pandemic conditions, especially among women (Tanaka and Oka-
moto, 2021). However, in the early period of the COVID-19 pandemic,
from March to June 2020, the number of suicides in Japan decreased
(Anzai et al., 2021). Thus, the degree of increase in the number of sui-
cides has fluctuated during the pandemic. This raises the question of
whether changes in people’s mobility were associated with changes in
the number of suicides during the pandemic.

To answer this question, we investigated the relationship between
changes in monthly human mobility (decrease, increase, and stable) and
the number of suicides during the pandemic in the period between
March 2020 and September 2021. In September 2021, Japan lifted its
state of emergency at the end of the fifth wave. We attempted to evaluate
the impact of the COVID-19 pandemic on suicide, in the period when
human mobility was restricted as a result of various pandemic preven-
tion measures and interventions under COVID-19, by assessing the as-
sociation between the number of suicides and human mobility relative
to the pre-pandemic period in 2019.

2. Methods
2.1. Data and materials

We collected data on the monthly number of suicides from Japan’s
National Police Agency from March 2020 to September 2021 as the
COVID-19 pandemic period, and from January to December 2019 as the
reference period. GPS-based location data of the ratio of population
mobility during the COVID-19 pandemic period relative to that in 2019
were downloaded from the AGOOP Corp and Cabinet Office websites
(2021) and data regarding population mobility in 2019 were taken from
the Geospatial Information Authority of Japan (Geospatial Information
Center, 2021). The monthly unemployment rate during the pandemic
period and that in 2019 were obtained from the Statistics Bureau of
Japan. As we only used publicly available aggregate data, a formal
ethical review was not required for our study.

2.2. Measurements

As the main outcome, we evaluated the ratio of the number of sui-
cidesy; (i=1, -, I), for each gender j (j = O for female; 1 for male),
prefecturek (k =1, 2, ---, 47), and point of time (month) t (t =1, ---, T;
ie.,I =2 x 47 x T) during the COVID-19 pandemic from March 2020
to September 2021, relative to the number of suicides, y?°!°, in 2019
before the pandemic.

As the primary factor of interest, three categories of change in human
mobility—decrease, increase, and stable—at time t in each prefecture k
were defined as follows:

1) We obtained the population mobility in prefecture k in week w (w =

3 3 : : inside __ jinside
1, -, W,) at time t during the pandemic period as m}5, ¢ = riin% x
inside,2019 outside __ outside outside,2019  _inside utside
e, and npuiiee = rpitsiee s np . Ti%e and rputie are the

ratios of the number of people who visited (or stayed in) a particular
point in prefecture k, and “outside” and “inside” refer to their esti-
mated residency (outside prefecture k or inside) relative to that in
2019 for prefecture k in week w at time t after March 2020. Note that

residency excluded the same municipality from “inside.” n;(";l,de‘mlg
and nzl;flde‘zow are people who visited a particular point in prefecture

k in the same week w in month ¢t in 2019, and “outside” and “inside”
indi : inside utside
indicated residency same as for r{j° and rpae'<c.
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2) As human mobility, the ratio of the total number of people who
visited the point from inside and outside prefecture k at time t in the
pandemic period relative to that in the same month in 2019 during

—total

the reference period, was calculated by hy = ﬁffﬁﬁ— 1, where
kt

Wt _inside 2019 | outside,2019
—0tal 2019 _ Dy Mg gy

Wt inside | poutside
—total __ Zw,lnkrw e and 7
t T W, kt

y, A t
The monthly changes in human mobility for prefecture k between
time t and t — 1 during the pandemic period were labeled as my, = 1

(decreased) for hy, — hy—1) < — 5.0%, my, = 2 (increased) for hy, —

h(e—1) > 5.0%, and my; = 0 (stable) otherwise to evaluate the non-

3

-

linear relationship between changes in human mobility and suicide.

2.3. Statistical analysis

First, we summarized the monthly number of suicides and the unem-
ployment rate for the pandemic and the reference period. Second, we
plotted the calculated human mobility hy, during the pandemic. Third, we
evaluated the impact of the change in human mobility from the previous
month at time tand t — 1 on the ratio of suicide y; during the pandemic
period relative to y2°1°, based on the model as follows:

yi ~ Poisson(u;)

log(y,) = Po+Bix +Bx] + Prxa + Paxia + Psxis + Bexly

+Hog (" + 1)

where Poisson(y;) is a Poisson distribution with mean y;, the superscript
“T” means “transpose,” change in human mobility at time t —1 (i.e.,
changes in human mobility between time t—1 and t— 2) x]

(i1, xm)T, xp1 and x;12 are dummy variables indicating xj; =
{1 for decreased(my_1) = 1); O for otherwise},
{1 for increased(my—1) = 2); O for otherwise}; similarly, vector of

Xi12 =

dummy variable of change in human mobility at time t, x, =
(xi21, xizz)T, gender x;3 = {1 for male; O for female}, and the ratio of
the unemployment rates at time t— 1, xu = log(u,—1 /u2l®), time
t, x5 = log(u; /u2*'), and xL=(xXi1, Xis2, -, Xis4s)  are also dummy
variables indicating prefectures (reference: Okinawa). The model
included the ratio of the unemployment rates u, at time t relative to that
in the same month in 2019 u?*!® with logarithmic transformation to
interchange the increasing and decreasing scales, and the delayed effects
of the unemployment rates at time t — 1 (Nordt et al., 2015). f,, f; =
(P11, P12)s B2 = (Pa1s Paz), B3, Pa,Ps and Bg = (Bs1, Poas s /}6,46) are
the coefficients to be estimated by using the generalized estimating
equation method assuming repeated measures within prefecture that
can consider the overdispersion of the number of suicides (Kruppa and
Hothorn, 2021). The number of suicides in 2019, y?°1°, was added to 1 to
account for the case of 0 as the offset term. Based on the above model,
the incidence rate ratios (IRRs) were estimated as the exponential
transformed value of each coefficient with their 95% confidence in-
tervals (CIs) estimated. We also performed univariate analysis for the
variable changes in mobility; the model was adjusted only for gender,
without including the unemployment rate. A sensitivity analysis was
conducted, where the threshold for the definition of “stable” in human
mobility was replaced with 10%. Furthermore, to consider the impact of
the first three months after declaration of the state of emergency, a main
analysis excluding data from March to May 2020 was also performed.

The significance level was set at p < 0.05 for both sides of all sta-
tistical analyses. All statistical analyses were performed using R software
version 4.1.2 (R Core Team, 2021).

3. Results

The number of monthly suicides during the COVID-19 pandemic in
Japan varied from a minimum of 1356 to a maximum of 2210 (Table 1).
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Table 1
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Summary of suicide, human mobility, and unemployment rates during the pandemic period and the reference period.

COVID-19 pandemic period
(Mar 2020 - Sep 2021)

Reference period
(Jan 2019 - Dec 2019)

Total number of suicides for all prefectures per month, median [min, max]
Both genders

Male

Female

Average number of suicides for each prefecture throughout the period”, median [min, max]
Average human mobility for each prefecture throughout the period”, median [min, max], (%)

Unemployment rate (%), median [min, max]

1696 [1356, 2210]
1112 [946, 1334]
589 [410, 876] 467 [435, 522]
22.7 [6.7, 134.5] 13.2 [3.5,113.3]
-34.9 [-18.6, -55.6] -

2.9 [2.5,3.1] 2.4 [2.2,2.5]

1520 [1420, 1700]
1046 [975, 1186]

2 Average number of suicides for each prefecture throughout the period was derived as follows: (1) calculating arithmetic mean of the number of suicides by
prefecture, (2) calculating the summary statistics value for each prefecture derived in (1).
b Average human mobility for each prefecture throughout the period was derived as follows: (1) calculating arithmetic mean of human mobility by prefecture, (2)

calculating the summary statistics value for each prefecture derived in (1).

The range of the number of monthly suicides in the pandemic period was
larger than that in the reference period. The number of suicides per
month per prefecture during the pandemic period ranged from 6.7 to
134.5, showing considerable variation among prefectures. The unem-
ployment rate in the pandemic period ranged from 2.5% to 3.1%, which
was larger than that in the reference period and greater than or equal to
the maximum rate in the reference period.

Monthly human mobility in each prefecture is plotted in Fig. 1. The
number of prefectures with changes in human mobility relative to the
previous month is shown at the bottom of the figure. The waves of
human mobility were similar in most prefectures. Human mobility in
Japan during the pandemic was generally below 0%, ranging from
-55.7% to 1.6%, relative to 2019. Decreased human mobility was
observed in more than half of the prefectures in April, March, and
December of 2020 and in January, May, and August of 2021. Increased
human mobility was observed in approximately half of the prefectures in
June, July, and September of 2020, and March and July of 2021.

Here, the association between changes in human mobility and fluc-
tuation in the number of suicides were evaluated; the estimated IRRs of
the number of suicides and their 95% ClIs in the pandemic period relative
to those in 2019 are shown in Table 2. In the univariate analysis, the
ratio of suicides in the pandemic period relative to the reference was
significantly lower in the months when human mobility decreased than
in the months when human mobility was stable (IRR = 0.83, 95% CI
(0.79-0.88) for the previous month; 0.80, 95% CI (0.77-0.84) for the
current month). These results were similar in Model 1 adjusted for
gender and the IRRs and 95% CIs were 0.87 (0.83-0.92) for the previous

10

-20
-30
-40
-50

-60

month and 0.85 (0.81-0.89) for the current month, respectively.

Furthermore, in Model 2, adjusted for gender and unemployment
rate relative to 2019, the IRRs and 95% CIs of the months when human
mobility decreased were also significantly lower than 1.00: 0.93, 95% CI
(0.89-0.97) for the previous month, and 0.89, 95% CI (0.85-0.94) for
the current month. At the same time, in this model, the IRR was 1.06,
95% CI (1.01-1.10), and the ratio of the number of suicides in the
pandemic to the reference period was statistically higher in the months
when the previous month’s human mobility increased, compared with
the month when human mobility was stable. However, the IRR when the
current month’s mobility increased was not statistically significant.

The ratio of the number of suicides relative to the reference period
was significantly lower for male than for female. In addition, the ratio of
the number of suicides in the pandemic period relative to the reference
period was significantly greater when the ratio of the unemployment
rate relative to the reference period in the previous month was larger.
(Supplemental Table 1)

In the sensitivity analysis in which the definition of “stable” in
human mobility was replaced with 10%, similar results were observed
for the factors that were significantly different in the above model.
However, we also found that the number of suicides decreased when the
current month’s human mobility increased. Another sensitivity analysis
excluding March to May 2020 showed no results that differed signifi-
cantly from the analysis based on Model 2 with respect to presence or
absence of statistically significant differences and direction of the
estimates.

Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20 Oct-20 Nov-20 Dec-20 Jan-21 Feb-21 Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Sep-21

Number of prefectures with changing human mobility

Stable 11 0 2 0 0 29 15 32 43

Decreased 36 47 45 0 0 18 0 0
Increased 0 0 0 47 47 0 32 15

18 15 22 22 37 7 28 9 14 30
29 31 3 0 10 40 1 0 33 3
0 1 22 25 0 0 18 38 0 14

Fig. 1. Human mobility in each prefecture and changes in mobility from the previous month.
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Table 2
Estimated incidence rate ratio of suicide in the COVID-19 pandemic period.
Univariate® Model 1° Model 2°
IRR 95%CI p-value IRR 95%CI p-value IRR 95%CI p-value
Mobility changes at previous month (#,)
Stable 1.00 Reference - 1.00 Reference - 1.00 Reference -
Decreases 0.83 (0.79, 0.88) <0.001 0.87 (0.83, 0.92) <0.001 0.93 (0.89, 0.97) 0.001
Increases 1.04 (0.97,1.11) 0.258 1.03 (0.97,1.10) 0.294 1.06 (1.01, 1.10) 0.031
Mobility changes at current month ()
Stable 1.00 Reference - 1.00 Reference - 1.00 Reference -
Decreases 0.80 (0.77, 0.84) <0.001 0.85 (0.81, 0.89) <0.001 0.89 (0.85, 0.94) <0.001
Increases 0.97 (0.90, 1.05) 0.510 1.00 (0.91, 1.09) 0.995 0.99 (0.92, 1.05) 0.689

IRR, Incidence rate ratio.
95%CI, 95% confidence interval.

# Analysis are based on generalized estimating equations which considering the repeated measurement within prefectures including each variable of mobility change

as an explanatory variable.

b Analysis is based with generalized estimating equations which considering the repeated measurement within prefectures including categorized mobility change at

time t and t — 1, gender as explanatory variable.

¢ Ratio of unemployment rate at time t and ¢ — 1 relative to that of 2019, and indicator of prefectures were added to model 1.

4. Discussion

This study focused on the association between the changes in human
mobility and suicide rates during a particular period of the COVID-19
pandemic in Japan. Although no significant increase in suicide during
the COVID-19 pandemic was observed in other developed countries (Liu
et al., 2021; Perez et al., 2022; Pirkis et al., 2021), there was an increase
in suicides in Japan, and several reports speculated that this was due to
increased anxiety caused by restricted activity during the pandemic
(Gunnell et al., 2020; McGinty et al., 2020; Murayama et al., 2021;
Pirkis et al., 2022). However, no study has quantitatively evaluated
these observations in Japan. Our research results, derived using data
from the National Police Agency, which collects all suicide data in
Japan, revealed that changes in human mobility were related to the
timing of the increase and decrease in suicides, and contrary to expec-
tations, the number of suicides did not increase when human mobility
decreased. Rather, this study demonstrated, for the first time, that sui-
cides increased during the months of increased human mobility during
the COVID-19 pandemic in Japan.

One possible reason for the above results is that a decrease in human
mobility related to restricted measures might lead to depression and
bipolar disorder (Chakrabarti et al., 2021; Devaraj and Patel, 2021;
Gimbrone et al., 2021; Tanaka and Okamoto, 2021) and an increase in
suicides. Past research has highlighted the impact of the COVID-19
pandemic on major depression, schizophrenia, and bipolar disorder
and pointed out the need for patient-specific interventions (Fornaro
et al., 2021). A decline in mobility may also lead to a decline in people’s
well-being (Chakrabarti et al., 2021). Along with the direct impact of
reduced human mobility, the change in mobility during the COVID-19
pandemic can be interpreted as the output of the impact of various
anti-COVID-19 measures on people’s behavior, for example, economic
impact, frenzies and anxiety associated with the unknown nature of the
new virus. In other words, the impact of COVID-19, which cannot be
measured (Carpio-Arias et al., 2022), is captured and evaluated by an
index of mobility that includes both outside-prefecture and
inside-prefecture mobility. However, the impact might not occur
immediately, as seen in the delayed effects of unemployment (Nordt
et al., 2015). Our results show that the effect of the unemployment rate
in the previous month was greater than the effect of the current unem-
ployment rate, possibly reflecting such a situation.

Several studies have stated that suicides decreased when restrictive
measures were taken (Duarte and Jiménez-Molina, 2022). For example,
the main protective factors against suicide include, related to mobility,
family support and bonding with significant others (O’Connor and
Nock, 2014), and quarantine conditions increased time spent with

others, strengthening family relationships (Evans et al., 2020). The
number of suicides occurring at home was the highest in Japan for both
genders before the pandemic (Ministry of Health, Labour and Welfare,
2021). When people become less mobile, there is a possibility that
family time increases, and it becomes difficult to carry out suicide at
home (Perez et al., 2022). It is important to note that when there is a
decrease in human mobility, the number of suicides is relatively low
compared to a steady state of human mobility. Throughout the
pandemic, suicides have been increasing; therefore, we should consider
that the number of suicides increases when human mobility is steady
and/or increased.

In our results, increased human mobility in the previous month was
associated with a larger ratio of suicides relative to the reference period;
however, the increase in mobility during the pandemic was relative to a
prior decrease in mobility. A previous study has shown that suicides
increase when social activities resume after a disaster that could affect
socioeconomics (Kolves et al., 2013; Orui et al., 2015); the results of our
study might imply that similar phenomena occur after movement is
resumed. In the context of a disaster, family support can act as a buffer
against the worst effects (Tang et al., 2010). Thus, understanding the
changes and characteristics of help-seeking behavior during the
COVID-19 pandemic may be useful for suicide prevention once social
restrictions have been relaxed (Czyz et al., 2013).

In addition, returning to the original environment from an altered
environment (e.g., resuming commute to office, increasing interaction
with others), such as after holidays (Beauchamp et al., 2014; Ploderl,
2021), may also be related to an increase in stress (Suzuki et al., 2021).
Thus, the pressure to resume one’s activities on people burdened by the
pandemic may increase when restrictions are relaxed from a restriction
in mobility or a change in one’s living environment. Notably, we
observed that there was only a small difference in the increase in the
number of suicides when human mobility increased compared with
when mobility was stable. The stable month might be interpreted as
predicting the recovery of social activities. This might cause the IRR for
increased human mobility to be similar to 1.0 for stable human mobility.

As the above, changes in human mobility and changes in suicide
during the COVID-19 period showed positive correlations. However, the
suicide rate during the pandemic was higher than that in 2019 (Nomura
et al., 2021; Tanaka and Okamoto, 2021), when human mobility during
the COVID-19 pandemic had been significantly suppressed. Thus, our
results do not argue against returning to the mobility levels of 2019.
However, a rapid increase in human mobility or a change in the envi-
ronment may be associated with a larger increase in suicide rates,
compared to a moderate increase in human mobility. These relation-
ships will need to be carefully monitored.
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It is certain that isolating the cause of suicide is necessary for pre-
venting it. Timely access to emotional support is a well-known way to
prevent suicide (World Health Organization, 2014). Although this study
did not clarify the causes of suicide, the findings might help practitioners
and families consider the timing of intervention (Ploderl, 2021).
Furthermore, future research might be able to identify additional trig-
gers for those feeling the burden of the pandemic when human mobility
and social activities change. Research investigating the impact of
decreased or increased social activity by occupation, as well as by the
factors influencing suicide for those who feel the heaviest burden during
the pandemic might provide important information.

This study assessed the relationship between restricting human
mobility and changes in the number of suicides under the COVID-19
pandemic using available human mobility and suicide data with refer-
ence to the year 2019 as control, considering monthly variations and
prefecture-by-prefecture differences in suicide. As mentioned earlier,
changes in human mobility can be captured by the reaction of society to
restrictive measures, and the results in this study can be interpreted as
an impact of the change in social conditions on the number of suicides.
Since the number of suicides in 2019 does not differ significantly from
other years (Supplemental Fig. 1), the bias in analyzing the 2019 value
as control year is not considered significant.

Several limitations of our study need to be mentioned. First, we
considered only monthly data; it may also be important to examine the
effects of reduced human mobility on suicide rates in more detail using
daily or weekly data. Second, we evaluated human mobility based on the
assumption that if movements in and out of the prefecture increased,
then movement from the home had increased. However, we only eval-
uated movements in and out of the prefecture, and not whether people
stayed in their homes. In the future, more detailed movement data could
be captured within sub-regions. Third, biases in the estimates of human
mobility at the population level may occur due to differences in cell-
phone ownership and other factors, which may affect the interpretation
of the results (Wesolowski et al., 2013). As we focused on long-term
changes in human mobility by prefecture, we may have been able to
reduce such biases. Human mobility is an indicator that includes the
impact of restrictive measures to prevent infection. Therefore, in the
present analysis, it was difficult to isolate whether the effect was a direct
effect of changes in mobility or correlated with the effects of other
variables. Further studies may be needed to evaluate the causal rela-
tionship between these variables. Fourth, the current COVID-19 situa-
tion may change based on the continual spread of the new Omicron
strain (Karim and Karim, 2021). Thus, in the future, it may be important
to evaluate whether the number of suicides will return to the
pre-pandemic downward trend, using a model of excess mortality
(Anzai et al., 2021).

Data sharing

The datasets generated and/or analyzed during the study are avail-
able on the website of the Ministry of Health, Labour and Welfare of
Japan: https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/000014
0901.html, Cabinet Office, and the Geospatial Information Authority
of Japan: https://v-resas.go.jp and https://www.geospatial.jp

Patient consent and ethical approval

We only used publicly available aggregate data; a formal ethical
review was not required for our study.
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