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Summary
Background.
Rising rates of suicide, the most dreadful consequence of mental health effects elicited by the
coronavirus pandemic (COVID-19) are cause for grave concern. However, the exact association
between mental health problems and suicide remains largely unknown in relation to COVID-19.
Methods.
To determine the impact of COVID-19 on suicide trajectory, we used an interrupted time-series
design to analyze monthly suicides rates extracted from Japan’s national database. We next
used mixed-effects regression models to investigate the relationship between the nationwide
suicide increase in August 2020 and psychiatric states of 4,348 individuals from an online
survey performed immediately before (December 2019) and during (August 2020) the pandemic.
Psychiatric states included depression, anxiety, and COVID-19-related PTSD, a form of severe
event-related stress.
Findings.
In Japan, suicides had gradually decreased before COVID-19 (β = -0·7×10-3, t57 = -14·2, p =
8·6x10-46), but increased drastically after a state of emergency was declared in April 2020 (β =
0·9×10-2, t57 = 17·3, p = 2·3x10-67). We found that PTSD symptoms reliably predict COVID-19’s
impact on suicide rates (β = 6·3×10-4, t3936 = 5·96, p = 2·7x10-9). In contrast, depression scores
are a reliable indicator of stress vulnerability (i.e. future suicide increases, β = 0·001, t3936 = 6·6,
p = 4·5×10-11). Simulations revealed that a one-point reduction in PTSD score could decrease
suicides by up to 3·1 per ten million people per month in Japan.
Interpretation.
PTSD symptoms may help to identify high-risk groups so as to increase efficacy of prevention
policies.
Funding.
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Research in context
Evidence before this study
We searched PubMed on December 2, 2020, for “COVID” and “suicid*” in the titles or abstracts
of published articles and obtained 269 hits. No language restrictions were applied to the search.
Nearly all previous articles on suicide and COVID-19 have reported simulation studies of suicide
counts and rates in case studies, editorials, letters, and commentaries. To date, no study has
analyzed the association between psychiatric states and suicide increases in the context of the
COVID-19 pandemic.
Added value of this study
To the best of our knowledge, this is the first study reporting a concrete approach to predict
suicide rate increases from psychiatric states during the COVID-19 pandemic. Our findings
indicate that PTSD symptoms are a reliable surrogate endpoint of pandemic-related suicide
increase.
Implications of all available evidence
This work provides a new perspective on preparing guidelines for suicide prevention. Efforts
should focus on reducing PTSD severity for single individuals and populations to reduce the
overall suicide risk.

Introduction
The coronavirus (COVID-19) pandemic has affected all aspects of society worldwide, including
mental health1,2. Many experts have suggested this may lead to an increase in suicides3–6.
Indeed, on November 30th, CNN reported the shocking news that the suicide rate had
increased dramatically in Japan, and that more people died from suicide in October than from
COVID in all of 20207. Yet, a recent report in Lancet Psychiatry found no suicide increase in
Queensland, Australia8, where the infection rate is similar to that in Japan (Supplementary Fig
1). Nor has a detectable suicide increase been reported in several countries with high pandemic
5
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mortality3. But, some have cautioned that suicides may increase later3,9. Therefore, suicide
prevention in the context of COVID-19 remains a critical public health priority5,6. Since countryto-country differences in increased suicides cannot simply be explained by mere infection or
mortality rates caused by the pandemic, for effective suicide prevention it is essential to
understand the underlying mental/psychiatric mechanisms linking the pandemic to suicides.
More importantly, resulting psychiatric states can provide reliable surrogate endpoints for
suicide risk. Promising candidates are measures of depression, anxiety, and post-traumatic
stress disorder (PTSD)6,10–12. However, to date no study has empirically examined associations
between these measures and suicide in the context of COVID-19. The objective of this study is
to assess the effect of COVID-19 on suicide rates in Japan and to test the reliability of
psychiatric states as surrogate endpoints for suicide risk.

METHODS
Interrupted time-series analyses. Consistent with real-time reports on COVID-19’s impact on
suicides in Queensland8, we performed interrupted time-series analyses, which have been used
to assess the effect of COVID-19 exposure on suicides after accounting for seasonality and preexposure non-linear trends. We extracted monthly suicide numbers from January 2015 to
October 2020 from the provisional database provided by the Ministry of Health, Labour and
Welfare (MHLW) in Japan (https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000140901.html,
access date: December 2nd). Using these suicide numbers as the outcome, we performed a
Poisson regression analysis similar to that performed by Leske et al. on the Queensland data to
allow direct comparison8. We further examined a model that included the elapsed time since the
start of the pandemic to account for cumulative effects (described as “Cumulative” in the model
specification). Elapsed time since the onset of the COVID-19 pandemic can be considered an
interaction term between the event and time. Under the assumption that pandemic effects do
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not saturate in the short term, for simplicity we modeled the cumulative effect as linear with
respect to time.
Models specification:
mdl1: Unadjusted
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mdl3: Unadjusted with interaction term
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mdl4: Adjusted with interaction term
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Where Time denotes months elapsed since January 2015, COVID-19 is zero for months before
April 2020, and one for months thereafter. Although an absolute definition of the beginning of
the pandemic is difficult, we followed Leske et al. in defining it as April 2020, when a state of
emergency was declared in Japan. Cos and sin are the Fourier terms consisting of four
sine/cosine pairs to adjust for seasonality, with frequency 2pi/12, 2pi/6, 2pi/4, and 2pi/3,
respectively. We used the log transformed resident population as an offset variable to transform
suicide numbers back to rates.
Calculation of the increased suicide rate and the proportion attributable to health
problems. Using the MHLW database, we calculated the increase in suicide rate from August
2019 to August 2020 for each sex and age group (ten-year bins, e.g., 20-29, etc.). The increase
in the suicide rate for each group was defined as follows: the number of suicides in that group in
2019 subtracted from that in 2020, divided by that in 2019.
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The MHLW provisional database also provided the general cause of suicides. Up to three
choices were allowed for each suicide cause. Categories of causes of suicide were family
problems, health (both physical and mental), economy, work, close relationships, school, or
others. By dividing the number of suicides due to health problems by the total number of
suicides with known causes, we estimated the proportion of the suicide increase explained by
health problems.

Participants and recruitment. This work is part of a larger study on problematic smartphone
use, which was approved by the Ethics Committee of the Advanced Telecommunications
Research Institute International (Japan). The study was originally planned in 2019, and later
expanded to examine the psychiatric impact of COVID-19. Before the COVID-19 pandemic,
99,156 individuals living in the Kansai region of Japan, who registered with an online survey
company (Macromill, INC; https://monitor.macromill.com/), were invited via e-mail to participate
in screening for the original study, in which they reported their psychiatric status across multiple
dimensions. This email contained information about informed consent, and completion of the
entire questionnaire was considered to indicate a participant’s consent. Of these, 5,955
individuals were screened and recruited, such that the population evenly included individuals
belonging to each quintile in the problematic smartphone use score. In response to the COVID19 pandemic, volunteers were invited to participate in a follow-up online survey containing
additional questions associated with COVID-19. Of these, 4,348 took part in the survey between
August 23 and 25, 2020. Furthermore, 198 participants were excluded because there were
inconsistencies in their answers. For example, 12 participants answered "yes" to the statement,
"I'm not a heavy drinker", but also "yes" to, "I'm a heavy drinker”. An additional 212 participants
were deleted because they responded identically to all items, using only the maximum or
minimum value in a questionnaire with reverse scoring. Accordingly, 3,938 responders were
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included in the current analyses.

Score measurements. To measure PTSD, depression, and anxiety symptoms, we relied on
self-administered questionnaires. The widely used, 22-item Impact of Events Scale-Revised
(IES-R)13 was employed to assess PTSD symptoms. In our online survey, PTSD symptoms
were assessed specifically in regard to COVID-19 (e.g., I thought about COVID-19 when I didn’t
mean to). An IES-R score > 32 indicates probable PTSD. To assess depression symptoms, the
Center for Epidemiologic Studies Depression Scale (CES-D)14 was used. CES-D comprises 20items, with scores higher than 15 signifying probable depression. The State Trait Anxiety
Inventory (STAI-S)15 was used to assess state anxiety symptoms. STAI-S comprises 20-items,
for which scores higher than 40 or 41 denote probable anxiety disorder for males or females,
respectively.

The association of PTSD severity and increased suicide rate with age or sex. Age and sex
effects were removed in the analyses of sex and age, respectively. This was done by meansubtraction of the effect of sex in the analysis of age-related effects and by regressing the effect
of age in the analysis of sex-related effects (taking the residuals of the regression PTSD
severity/suicide increase ~ age). In analyses concerning PTSD severity, all individual data
points were considered (N = 3,938), and we used Spearman rank correlation for age and the
Mann Whitney U test for sex. In analyses concerning suicide rate increases, data for each age
and sex group were used (N = 10), and analyses were weighted by the population size of a
given data point (i.e., for each group). We used linear regression for age and logistic regression
for sex.
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Simulation of the suicide rate increase using PTSD prevalence of our samples. The
suicide rate was simulated based on the prevalence of probable PTSD among our participants,
according to the following equation:
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Where "  is the risk ratio in suicides (PTSD/Healthy) reported by Fox et al. (2020)11 (3·96
for males and 6·74 for females), " is the frequency of probable PTSD diagnosis from
our samples (i.e., the rate at which the threshold, IES-R > 32, was exceeded).

Estimation of the effect of a 1-point reduction in IES-R scores on numbers of suicides.
We estimated the effect of a 1-point reduction in IES-R scores of all individuals on a simulated
suicide rate increase, according to the following equations:
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Where %   is the difference in the simulated suicide rate increase according to a 1-point
reduction in (i) th sex/age group. %"  is the difference in the prevalence of probable
PTSD diagnosis resulting from a 1-point reduction in the (i) th group.    is the total number
of suicides and

'

 

is the population of the (i) th group in August 2019 in Japan.  is the

slope of the fitted line between the simulated and the actual suicide increase.

The possibility of selection bias and the effect of residence. To exclude potential
confounding factors due to selection bias, we examined the same linear mixed-effect (LME)
model to predict suicide increase from the estimated PTSD severity of each quintile subgroup in
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the screening population. For this, we adjusted the distribution distortion using a weighted
average based on the sample size of each quintile of problematic smartphone use scores.
Using PTSD severity estimated from the entire screening population resulted in an outcome (β =
3·8, t8 = 4·62, p = 0·002) similar to that in the main analysis (β = 6·3×10-4, t3936 = 5·96, p =
2·7×10-9).
To test the effect of residence, PTSD severity was compared for each subgroup of participants
from Osaka (N = 2,230) with those from locations other than Osaka (N = 1,708). These areas
showed a strong correlation in the Pearson correlation analysis (r = 0·91, p = 2·8×10-4). In
August 2020, Osaka had the second largest number of people infected with COVID in Japan.
Results
Interrupted time-series analyses. All models were superior to the model that assumed an
unvarying suicide rate (mdl1: 266 = 620, p = 2·0x10-133, mdl2: 258 = 810, p = 4·4x10-166, mdl3:

265 = 860, p = 2·3×10-185, mdl4: 266 =1100, p = 3·2×10-230). To compare model goodness while
controlling for model complexity (i.e., the number of parameters), we used the Bayesian
Information Criterion (BIC), with lower values indicating better models. Consistently, mdl4 had
the lowest BIC (mdl1: 1430, mdl2: 1280, mdl3: 1190, mdl4: 980). This indicates that the model
which accounted for seasonal trends and included the interaction term (i.e., change in the fitted
slope before and after the pandemic), best predicted suicide rates. Before COVID-19, suicides
had been steadily decreasing (β = -0·7×10-3, t57 = -14·2, p = 8·6×10-46), but since the onset of
COVID-19 this trend reversed (β = 0·9×10-2, t57 = 17·3, p = 2·3×10-67). Additionally, using model
mdl4, we estimated the expected suicide rates if there had been no pandemic. We found that
actual suicide rates were lower than the estimated rate in the first three months of the pandemic,
while they exceeded estimated rates during the following four months (Figure 1).
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Figure 1 Monthly suicide rates before and during COVID-19. (a) data from Queensland and (b)
n
data from Japan. Because both analyses relied on the latest data, these analyses are based on
slightly different time-points (Queensland: April 2015 to August 2020, Japan: April 2015 to
October 2020). Nevertheless, the difference between the two trajectories is already apparent in
the data until August 2020. Figure 1 (a) is adopted from Lancet Psychiatry, November 16, 2020
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Online First, Leske et al. “Real-time suicide mortality data from police reports in Queensland,
Australia, during the COVID-19 pandemic:an interrupted time-series analysis”, Copyright (2020),
with permission from Elsevier.

Effects of psychiatric states on the increased suicide rate. We utilized psychiatric status
data from an online survey (N=3,938 Japanese subjects). Specifically, depression, anxiety, and
COVID-19-related PTSD scores were taken during the COVID-19 pandemic. We compared how
well these different measures predict the impact of COVID-19 on suicide risk, which was
estimated as the increase in suicide frequency from 2019 to 2020 throughout the entire
Japanese population (population 125·9 million). Suicide risk was also estimated for different age
and sex groups (see Methods).
We used mixed-effects models to test whether psychiatric status (as defined above) could
predict the increase in suicide rate. In all models, psychiatric status was considered a fixed
effect, while sex was classified as a random effect [model specification: 
" )*(  1|

,

( 

1 

]. We used the BIC to compare model goodness, with smaller values

indicating better models. The model based on PTSD scores had the smallest BIC (Figure 2).
This indicates that PTSD score is the most effective predictor of increased suicide risk among
psychiatric status indicators. To further examine the robustness of PTSD scores as a surrogate
endpoint for suicide, we confirmed that adding depression scores and/or anxiety scores to the
“main” model (which included only PTSD scores) did not improve the model’s goodness. In
these models, PTSD scores were a significant predictor of suicide increase, which indicates that
neither the confounder effects of depression nor anxiety can fully explain the association
between PTSD and suicide increase. (Figure 2).
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Figure 2. Comparison of models that test associations between psychiatric states and an increased
d
suicide rate. The BIC of each model is presented. Black bars represent models based on PTSD
(main model), depression, or anxiety, while white bars represent models based on combinations of
PTSD and depression and/or anxiety scores. A model with a bar above the dotted line is worse than
n
the main model.

In the main model, PTSD severity was positively correlated with an increased rate of suicide (β
= 6·3×10-4, t3936 = 5·96, p = 2·7×10-9) (Figure 3a). Next, we examined effects of age and sex on
PTSD severity and suicide rate increase, as females and youth were expected to be
disproportionately affected by the COVID-19 pandemic2. Age was significantly and negatively
associated with both increased likelihood of suicide (β = -8×10-3, t8 = -3·05 p = 0·016) and PTSD
D
severity (N =3938, Spearman’s rho = -0·08, p = 2·5×10-7). Overall, youth appeared more
vulnerable to stress, as measured by either PTSD severity or by increased rates of suicide. In
contrast, sex was associated only with more frequent suicide (β = -1·82, t8 = -2·68 p = 0·028),
but not with PTSD severity (Nmale = 2077, Nfemale = 1861 z = 1·18, p = 0·24). Females showed a
greater suicide increase than males in all age groups (Figure 3a). To test whether the
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differential effect of sex on PTSD symptoms and suicide can be explained by previously
reported differences in suicide risk ratio associated with PTSD diagnosis, we simulated the
suicide increase, based on known risk ratios for each sex11 and PTSD prevalence, based on our
online survey. A linear regression analysis weighted by the sample size of each data point
revealed the strong predictive power of the simulated suicide rate increase (β = 0·73, t8 = 6·1, p
= 2·8×10-4) (Figure 3b). Thus, the differential suicidal risk-ratio of PTSD thoroughly explained
the effect of sex on the suicide increase. Based on this result, we estimated that a one-point
reduction of the average PTSD score might lead to a reduction of up to 3·1 suicides per ten
million persons per month.
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se
Figure 3. Association between PTSD symptoms related to the COVID-19 pandemic and an increase
in the suicide rate. (a) Each circle represents average PTSD severity (X-axis) and the suicide
increase (Y-axis) for each age and sex group. (b) Each circle represents the simulated suicide rate
increase using PTSD probability (X-axis) and suicide increase (Y-axis) for each age group. Red and
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blue circles represent female and male data, respectively. The color gradient of each circle
represents ages with dark and light colors for older and younger. Corresponding age ranges are
described above each circle. The size of each circle represents the number of participants. Circles of
various sizes representing 200, 300, and 500 individuals are shown for reference as an inset. Error
bars represent bootstrapped 95% confidence intervals.

Discussion
In contrast to Queensland, Australia, the number of suicides in Japan has been increasing since
the declaration of a state of emergency. The increase was particularly noticeable in young and
females. The year-on-year suicide rate increase in October reached 2.3 times for females in
their twenties. We found that variability in the suicide increase across age and sex groups can
be explained by a combination of PTSD symptoms and previously reported sex differences in
suicide risk of PTSD. In comparison with other psychiatric symptoms, PTSD symptoms appear
to be reliable surrogate endpoints for suicide increase, outperforming depression or anxiety
scores in predicting the current suicide increase. We also found that 93·8% (197 out of 210) of
additional suicides could be attributed to health (both physical and mental) problems
(Supplementary Table1). A substantial proportion of these may be due to PTSD, given its strong
association with suicide, as opposed to other mental problems (depression, anxiety). Policies
and efforts to reduce PTSD severity within populations, or that of single individuals, are
expected to reduce the overall suicide risk. Steps may include promoting an understanding of
COVID-19-related PTSD symptoms and of an empirically validated approach for non-experts to
mitigate traumatic responses16, as well as identifying individuals with high PTSD symptoms,
using validated questionnaires in various settings, such as agencies, clinics, and online
consultation counters. Individuals identified through these channels should be guided to official
clinical settings and given empirically validated treatments focused on PTSD, such as early
intervention strategies17,18.
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To further explore associations between psychiatric states and suicide increase, we also used
depression or anxiety scores taken immediately before COVID-19 (see Supplementary). These
scores, and particularly depression scores, are strong predictors of both future suicide increases
and future PTSD scores. This indicates that depression status is a reliable indicator of stress
vulnerability. During the pandemic, special attention should be focused on individuals with a
history or current diagnosis of depression. While current depression scores are a reliable
indicator of stress vulnerability (future suicide increase), they are not a reliable predictor of
current suicide increase in response to COVID-19, for the following reasons. Neither current
depression scores nor changes in depression scores from before to during COVID-19 effectively
predict the current suicide increase in comparison with PTSD scores (see Supplementary).
Therefore, during the pandemic, to prevent suicides, it appears crucial to examine individuals
with past or current depression diagnoses from the viewpoint of PTSD scores. Unlike
depression or anxiety, PTSD scores may change with increasing suicide. In around April, only
7% of 2697 (medical and non-medical) workers had relatively severe PTSD scores (IES-R > 24)
in a Japanese hospital that had already been accepting those infected with COVID-19 at that
time (Hishimoto, personal communication). In contrast, in August, we observed that 30.7% of
individuals in our online population had relatively severe PTSD scores. This may reflect the
increase in year-on-year suicide rates from April (0.88 times) to August (1.3 times). Although
further studies of the same population with the same approach are required, increased PTSD
scores may serve as a warning sign of potential suicide susceptibility. Furthermore, global
surveys with similar approaches, as used here, could help to better explain the reasons behind
differences in suicide rate changes across countries, leading to more effective prevention of
suicide worldwide. It may be possible to generalize these findings to other large-scale, longlasting stressful events. The gradual increase in suicides since April, when the state of
emergency was declared in Japan, may reflect cumulative stress. In such a scenario, suicides
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will probably continue to increase until the end of the COVID-19 pandemic. Crucially, this
increase may be prevented by PTSD-targeted efforts introduced here.
Since suicide is a rare event, we relied on national data from the Japanese population to reliably
estimate the suicide increase, which was compared with our online data. Although the online
data may not fully represent the Japanese population, we confirmed that adjusting for selection
bias (in our online survey) did not compromise the result. Specifically, by using PTSD severity,
estimated from the entire online survey screening population (see Methods), we replicated the
original results (β = 3·8, t8 = 4·62, p = 0·002). Because residence location did not affect PTSD
severity within the Kansai region, these results suggest that our online data accurately represent
the Japanese population in terms of PTSD severity pattern, according to age and sex. It should
be noted that mental illness scores based on online surveys can be higher than those obtained
from other types of surveys19,20, which may also explain the prevalence of COVID-19-related
PTSD diagnosis in our online populations (21·3%), as well as in previous online research (735·6%)21–24. Consequently, simulated numbers of suicides based on mental illness scores are
higher than actual numbers. Although our data suggest the reliability of simulated numbers of
suicides as ratio scales, raw values are likely to be overestimated. Further, this result, which
was based upon Japanese population data, may be of limited application worldwide. Although
risk factors for suicide are similar among countries, there are substantial differences in the
overall rates of mental disorders among suicides25.
In summary, we found that the predictive capacity of PTSD symptoms for the suicide increase
during the COVID-19 pandemic exceeded those of depression or anxiety scores. The variability
in the suicide increase can be explained by PTSD symptoms across age groups, but not sex.
The magnitude of the sex difference in suicide risk was comparable to previously reported sex
differences in suicide risk of PTSD. Governments and agencies are encouraged to focus
prevention resources on groups at high risk of suicide, identified here: groups showing higher
PTSD symptoms.
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