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Abstract 
 

 

Jieun Min 

Department of Biostatistics and Epidemiology 

The Graduate School of Public Health 

Seoul National University 

 
Background: Although there are several studies on the association 

between the coronavirus diseases 2019 (COVID-19) pandemic and 

mental health, the impact of the pandemic on suicide is still unclear. 

In addition, the risk of suicide due to the pandemic might change 

during the pandemic and could be disproportionate according to 

individual characteristics. Therefore, this study aimed to investigate 

the excess suicide attributable to the COVID-19 pandemic in South 

Korea and examine it stratified by periods and individual 

characteristics. 

 

Methods: Daily time-series suicide mortality data for the period 

January, 2017–December, 2020 in Korea was obtained from the 

Korea National Statistics Office. A two-stage interrupted time-

series analysis was performed. In the first stage, excess suicide for 

16 regions of Korea was estimated by applying a quasi-Poisson 

time-series regression model. In the second stage, the region-

specific estimates were pooled using a mixed-effects multivariate 

meta-analysis model. 

 

Results: During the period February 18–December 31, 2020, suicide 

decreased by 9.5% (95% empirical confidence interval: 3.8%, 15.6%) 
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compared to the expected number from the pre-pandemic period. 

The excess risk of suicide has declined from the initial pandemic, and 

this decreasing pattern was pronounced during the first and third 

wave of the pandemic. In addition, it is found that the decrease in 

suicide was more evident in individuals who were male (11.7%), 

middle-aged (13.7%), highly educated (12.6%), and married 

(13.6%), based on the central estimates. 

 

Conclusion: The results of this study provide timely evidence to 

establish public health policies for suicide prevention and also 

suggests the prioritization of resource allocation for mental health of 

individuals according to the disproportionate vulnerabilities based on 

individual characteristics. 

 

Keyword: COVID-19, Suicide, Excess risk, Time-varying risk, 

Inequality, Individual characteristics 

 

Student Number: 2020-23520 

 

 

 

 

 

 



 

 iii 

Table of Contents 

 
Chapter 1. Introduction ............................................................ 1 

 

Chapter 2. Materials and methods ........................................... 5 
 

   2.1. Data acquisition ............................................................. 5 
 

   2.2. Definition of the pandemic period ................................ 5 
 

   2.3. Statistical analyses ....................................................... 6 
 

     2.3.1. First stage: time-series model ............................. 7 
 

     2.3.2. Second stage: meta-analysis model .................... 8 
 

     2.3.3. Quantification of excess suicide ........................... 8 
 

     2.3.4. Sub-group analyses .............................................. 9 
 

     2.3.5. Sensitivity analyses ............................................... 9 
   

Chapter 3. Results ................................................................. 11 
 

   3.1. Excess suicide during the pandemic ......................... 11 
 

   3.2. Excess suicide by individual characteristics ............ 15 
 

   3.3. Sensitivity analyses .................................................... 18 
 

Chapter 4. Discussion ............................................................ 19 
 

Chapter 5. Conclusion ............................................................ 26 
 

 

Bibliography ........................................................................... 27 
 

Supplementary materials ....................................................... 32 

 

Abstract in Korean ................................................................ 44



 

 iv 

 

List of Tables 

 
Table 1. Characteristics of the 16 regions in Korea within the 

study period (January 1, 2017–December 31, 2020) ..... 12 
 

Table 2. Total number, estimated excess (95% eCIa), and 

percent excess (95% eCIa) of suicide during the period 

February 18–December 31, 2020 in Korea by region .... 14 

 

Table S1. Number of suicide and estimated excess (with 95% 

eCI) during the period February 18–December 31, 2020 by 

region and period ............................................................ 32 

 

Table S2. Number of suicide and estimated excess (with 95% 

eCI) during the period February 18–December 31, 2020 by 

region and sex ................................................................. 33 
 

Table S3. Number of suicide and estimated excess (with 95% 

eCI) during the period February 18–December 31, 2020 by 

region and age group ....................................................... 34 
 

Table S4. Number of suicide and estimated excess (with 95% 

eCI) during the period February 18–December 31, 2020 by 

region and education level .............................................. 35 
 

Table S5. Number of suicide and estimated excess (with 95% 

eCI) during the period February 18–December 31, 2020 by 

region and marital status ................................................. 36 
 

Table S6. Sensitivity analysis with study population aged 10 or 

more: Total number, estimated excess (95% eCI), and 

percent excess (95% eCI) of suicide during the period 

February 18–December 31, 2020 by region ................... 37 
 

Table S7. Sensitivity analysis with five knots in seasonality 

spline term: Total number, estimated excess (95% eCI), and 

percent excess (95% eCI) of suicide during the period 

February 18–December 31, 2020 by region ................... 38 



 

 v 

Table S8. Sensitivity analysis with different position of knots of 

exposure-response association in temperature basis term: 

Total number, estimated excess (95% eCI), and percent 

excess (95% eCI) of suicide during the period February 18–

December 31, 2020 by region ........................................ 39 
 

Table S9. Sensitivity analysis with different length of lag days 

of lag-response association in temperature basis term: 

Total number, estimated excess (95% eCI), and percent 

excess (95% eCI) of suicide during the period February 18–

December 31, 2020 by region ........................................ 40 
 

Table S10. Sensitivity analysis with three knots in relative 

humidity spline term: Total number, estimated excess (95% 

eCI), and percent excess (95% eCI) of suicide during the 

period February 18–December 31, 2020 by region ........ 41 
 

Table S11. Sensitivity analysis with confirmed COVID-19 cases 

per 100,000 people in meta-analysis: Total number, 

estimated excess (95% eCI), and percent excess (95% eCI) 

of suicide during the period February 18–December 31, 

2020 by region ................................................................ 41 
 

 

 

 

 

 

 

 



 

 vi 

List of Figures 

 
Figure 1. Temporal trend in 7-day moving average of confirmed 

COVID-19 cases (a), time-varying excess risk (relative 

risk, RR) of suicide with a band corresponding to the 95% 

eCI (b), and percent excess of suicide by period (c) during 

the period January 20–December 31, 2020 in Korea ..... 13 
 

Figure 2. Percent excess and 95% confidence interval in suicide 

during the period February 18–December 31, 2020 in Korea 

by sex, age, education level, and marital status  ............ 16 
 

Figure 3. Temporal trend in excess risk (relative risk, RR) of 

suicide in Korea by sex, age, education level, and marital 

status during the period January 20–December 31, 202017 
 

Figure S1. Sensitivity analysis with five (a), six (b), and seven 

(c) knots in spline term of the days from the first COVID-

19 case: Temporal trend in excess risk (relative risk, RR) 

during the period January 20–December 31, 2020  ....... 42 
 

 

 

 



 

 １ 

Chapter 1. Introduction 
 

 

 

 The outbreak of the coronavirus disease 2019 (COVID-19), 

caused by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2), has rapidly spread across the globe and affected every 

aspect of life (Zhang et al., 2020). As of April 24, 2022, more than 

500 million cases of COVID-19 have been confirmed worldwide, with 

over 6 million deaths (Johns Hopkins University). During the 

pandemic, people were requested to reduce social contacts and 

increase telework (Tanaka & Okamoto, 2021). Although this 

unprecedented situation could be emotionally challenging, medical 

and public health professionals have mainly focused on the clinical 

manifestations of COVID-19, rather than the psychiatric 

consequences, which can lead to an increase in suicidality (Gunnell 

et al., 2020; Sher, 2020).  

 The impact of the COVID-19 pandemic on suicide is still 

unclear and might differ according to the inherent cultural and 

socioeconomic characteristics of countries. Previous studies have 

investigated the relationship between COVID-19 and suicide. While 

some epidemiological studies have shown an increase in suicide rate 

during the COVID-19 period (Li et al., 2020; Poudel & Subedi, 2020), 

some showed reduced or no change in suicide rate during the same 
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period (Mitchell & Li, 2021; Qin & Mehlum, 2021; Radeloff et al., 

2021). A Japanese study revealed that national suicide rates declined 

during the first five months of the pandemic (February–June, 2020) 

and then increased during the second wave (July–October, 2020) 

(Tanaka & Okamoto, 2021). There are conflicting explanations that 

partly address these mixed effects of the pandemic on suicide. 

Together with the anxiety caused by fear of infection, social 

distancing can lead to disconnections between people and the 

resultant social isolation could be related to increased suicidal 

behavior (Reger et al., 2020). Further, the economic recession along 

with increased unemployment rates have been consistently 

suggested as a major risk factor for suicide in relation to the 

pandemic (Oyesanya et al., 2015). However, it has been traditionally 

recognized that suicidal events initially decrease during natural 

disasters—such as epidemics and terrors—owing to the strong social 

cohesion within communities (Claassen et al., 2010). Suicidal events 

were found to have diminished at the initial stage of influenza, severe 

acute respiratory syndrome, and Ebola epidemics, although the risk 

of suicide increased afterward (Zortea et al., 2021). Moreover, with 

the increase in the amount of time spent staying at home during the 

current pandemic, emotional and physical supports from family could 

be beneficial to the mental health of individuals (Li & Xu, 2022).  
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 There have been current and growing concerns about 

whether the suicide rate in South Korea (hereafter, Korea) has 

changed since the COVID-19 outbreak, as the suicide rate of Korea 

ranked first among Organization for Economic Co-operation and 

Development (OECD) member countries in 2019, with 24.6 suicides 

per 100,000 persons (OECD, 2019). In addition, Korea is one of the 

representative countries that has responded well against the COVID-

19 pandemic at the early stage by developing clear guidelines for the 

public and performing extensive epidemiological investigations, 

including aggressive diagnostic testing (Lee et al., 2020). Thus, 

investigating the changes in the pattern of suicide rates in Korea 

during the COVID-19 pandemic will provide significant implications 

to other countries; nevertheless, studies that examined the 

association between the pandemic and suicide on a nationwide scale 

in Korea are scarce. Furthermore, although psychiatric effects of 

pandemics on suicide could change during the long-lasting pandemic 

(Tanaka & Okamoto, 2021) and the effects likely differ depending on 

demographic and socioeconomic factors that are closely associated 

with social inequalities (Pfefferbaum & North, 2020), the studies that 

have addressed these topics are relatively rare. 

 Therefore, this study aimed to 1) investigate the national 

excess suicide attributable to the COVID-19 pandemic in Korea 



 

 ４ 

using officially-distributed mortality data, 2) examine the temporal 

changes in the risk of suicide during the pandemic, and 3) identify 

the individual-level characteristics associated with 1) and 2), by 

using a novel and standardized two-stage interrupted time-series 

model.
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Chapter 2. Materials and methods 
 

 

 

2.1. Data acquisition 

 Data on daily time-series suicide mortality, weather 

variables, and confirmed cases of COVID-19 were collected for all 

16 regions (shi/do) of Korea, which include seven 

metropolitan/special cities (shi) and nine provinces (do) within the 

period 2017–2020. Data on mortality were collected from the Korean 

National Statistics Office, and suicide was defined as intentional self-

poisoning and self-harm based on the International Statistical 

Classification of Diseases and Related Health Problems 10th Revision 

(ICD-10) codes X60–X84 (WHO, 2016). The mortality database 

included information on sex, age, education level, and marital status 

of each dead; raw data were re-processed to the number of daily 

suicide deaths stratified by these factors. The daily mean 

temperature (℃) and relative humidity (%) data measured by the 

automated synoptic observing system were obtained from the Korean 

Meteorological Office, and the confirmed COVID-19 cases data from 

the Korea Centers for Disease Control and Prevention. 

 

2.2. Definition of the pandemic period 

 Although the first imported case of COVID-19 was confirmed 
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in Korea on January 20, 2020, the excess suicide was quantified from 

February 18, 2020 instead of January 20, 2020, because the first 

wave started when the 31st confirmed case occurred on February 18, 

2020 within a religious group called Shincheonji in Daegu (Lee et al., 

2020). In addition, to examine the different patterns of excess suicide 

among different time periods, two specific periods—waves and 

plateaus—were defined based on the transmission patterns over time 

using the following definition; except for the start day (February 18, 

2020), waves were defined as the periods wherein the seven-day 

moving-average of confirmed cases is 100 or more and the rest of 

the periods were defined as plateaus—the first wave (February 18–

March 17, 2020), the first plateau (March 18–August 14, 2020), the 

second wave (August 15–September 22, 2020), the second plateau 

(September 23–October 25, 2020) and the third wave (October 26–

December 31, 2020).  

 

2.3. Statistical analyses  

 A two-stage interrupted time-series analysis was 

performed to quantify the time-varying excess number and risk for 

suicide during the COVID-19 pandemic compared with the pre-

outbreak period. Then, the excess risk of suicide was calculated 

using the estimates from the two-stage analysis. This is a 



 

 ７ 

standardized and cutting-edge approach that has been widely used 

in previous studies (Onozuka et al., 2022; Scortichini et al., 2021). 

All statistical analyses were performed using R software (version 

4.1.0.). 

 

 2.3.1. First stage: time-series model  

 In the first stage, a quasi-Poisson time-series regression 

model was separately applied for 16 regions. To estimate the time-

varying excess suicide attributable to the COVID-19 pandemic, the 

days from the first COVID-19 case were included in the model using 

a constrained quadratic B-spline with four equally spaced knots for 

the outbreak period. This spline function constrains the excess risk 

to start from null at the beginning of the outbreak period and then 

allows it to vary flexibly until the end of the study period. The long-

term trends were controlled using a linear term for time, seasonality 

using a cyclic cubic B-spline with four equally spaced knots for the 

day of the year, and weekly variations in suicide using dummy 

indicators for the day of the week. To control for the potential 

confounding effects, a term for the daily mean temperature and 

relative humidity were included. The daily mean temperature was 

adjusted using a distributed lag non-linear model (DLNM), which can 

concurrently consider the non-linear exposure-response and the 
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non-linear lag-response associations (Gasparrini et al., 2010). A 

quadratic B-spline was used for the exposure-response association 

with three internal knots placed at the 25th, 50th, and 75th percentiles 

of region-specific temperature distribution (Kim et al., 2019). For 

the lag-response association, dummy parameterization-defining 

intervals was used with lag 0 and lag 1–2 (Sera et al., 2019). These 

modeling specifications were based on previous studies on suicide 

and temperature (Kim et al., 2019; Sera et al., 2019). The current 

day (lag0) relative humidity was controlled using a natural cubic B-

spline with two degrees of freedom.  

 

 2.3.2. Second stage: meta-analysis model 

 In the second stage, the region-specific estimates were 

pooled and the best linear unbiased predictions (BLUPs) were 

calculated to compute the nationwide excess suicide during the 

COVID-19 pandemic using a mixed-effects multivariate meta-

analysis model.  

 

 2.3.3. Quantification of excess suicide 

 The daily region-specific and nationwide excess risks 

(relative risk, RR) of suicide that indicates the excess suicide for 

each day of the pandemic period were calculated with the region-
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specific BLUPs and pooled estimates from the second-stage meta-

analysis model. The daily number of excess suicide was computed as 

(RR-1)/RR*n, in which n is the daily number of suicides, and was 

aggregated in total for the period February 18–December 31, 2020 

in each region and the whole of Korea. Empirical confidence intervals 

(eCIs) at 95% were calculated using Monte Carlo simulation, 

assuming a multivariate normal distribution using the point estimates 

and (co)variance matrix. 

 

 2.3.4. Sub-group analyses 

 To investigate the disproportionate impact of the pandemic on 

suicide by demographic and socioeconomic factors, all analyses were 

repeated according to individual characteristics: sex, age group (0–

39 y, 40–64 y, and 65+ y), education level (<high school, high school, 

and >high school), and marital status (single, married, and others 

[divorced or widowed]).  

 

 2.3.5. Sensitivity analyses 

 To evaluate the robustness of findings, several sensitivity 

analyses were performed. First, the aforementioned analyses were 

repeated except for people aged under 10 years who cannot 

generally have suicidal ideation. Second, the number of internal knots 
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for the cyclic cubic B-spline of the day of the year was altered from 

four to five. Third, the number and position of internal knots for the 

exposure-response curve for the DLNM of the mean temperature 

was changed from three (at the 25th, 50th, and 75th percentiles of 

temperature) to two (at the 50th and 90th percentiles) and three (at 

the 10th, 75th, and 90th percentiles). Fourth, the lag period was 

extended to five, seven, and ten days for the lag-response curve for 

the DLNM. Fifth, the number of internal knots for the natural cubic 

B-spline of the relative humidity was altered from two to three. 

These modeling specifications were based on earlier studies (Kim et 

al., 2019; Onozuka et al., 2022). Finally, to consider the severity of 

the pandemic by regions, the confirmed COVID-19 cases per 

100,000 people was added in meta-analysis model. 
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Chapter 3. Results 
 

 

 

3.1. Excess suicide during the pandemic 

 Across the study period (January 1, 2017– December 31, 

2020), a total of 53,127 suicide deaths were recorded (4.5% of total 

deaths) in Korea (Table 1). During the period February 18–

December 31, 2020, the estimated decrease in suicidal cases was 

1,204 (95% empirical confidence interval [eCI]: 456, 2,120) 

compared to the expected baseline number and it accounted for 9.5% 

(95% eCI: 3.8%, 15.6%) decrease in suicide during the same period 

(Table 2). Figure 1 shows the 7-day moving average of confirmed 

COVID-19 cases (a), temporal variations in excess risk (relative 

risk, RR) of suicide (b), and % excess of suicide attributable to the 

pandemic (c). The excess risk of suicide has declined from the initial 

pandemic, and this decreasing pattern was pronounced during the 

first and third waves: the corresponding % decrease in excess death 

were 14.4% (95% eCI: 0.1%, 25.4%) and 14.0% (95% eCI: 8.2%, 

20.2%), individually. The corresponding period-specific number of 

excess suicides is provided in the Supplementary Table 1.  
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Table 1. Characteristics of the 16 regions in Korea within the study period (January 1, 2017–December 31, 2020) 

aConfirmed COVID-19 cases per 100,000 people indicates the cumulative COVID-19 confirmed cases during the period January 

20–December 31, 2020. 
bProportion of suicide was calculated by dividing the number of suicide deaths by the number of total deaths for the study period. 

Region 

(shi/do) 

Number of 

districts 

(shi/gun/gu) 

Population 

density (/km2) 

Confirmed 

COVID-19 cases 

per 100,000 

peoplea 

Average 

temperature 

(℃) 

Average 

relative 

humidity (%) 

Suicide (%)b 

Seoul 25 16375.8 192 13.2 58.8 8,511 (4.8) 

Busan 16 4465.4 54 15.3 62.5 3,800 (4.3) 

Daegu 8  2768.7 319 14.5 60.3 2,596 (4.7) 

Incheon 10 2826.1 94 12.8 65.7 3,047 (5.0) 

Gwangju 5 2936.1 73 14.6 69.8 1,374 (4.5) 

Daejeon 5 2743.9 57 13.7 69.1 1,577 (5.3) 

Ulsan 5 1086.4 58 14.6 65.9 1,220 (5.9) 

Gyunggi 41 1354.3 105 12.1 68.2 12,448 (5.2) 

Gangwon 18 92.7 77 11.7 65.7 1,994 (4.2) 

Chungbuk 11 221.1 71 12.1 65.9 1,866 (4.1) 

Chungnam 15 292.3 71 12.6 72.0 3,148 (4.7) 

Jeonbuk 14 227.3 46 13.0 73.2 2,116 (3.6) 

Jeonnam 22 152.6 30 14.1 72.0 1,998 (2.9) 

Gyungbuk 23 141.4 90 13.0 65.5 3,021 (3.4) 

Gyungnam 18 323.3 39 14.2 67.5 3,588 (4.0) 

Jeju 2 377.0 60 16.5 74.1 783 (5.0) 

Korea 229 527.6 110 13.6 67.3 53,127 (4.5) 
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Table 2. Total number, estimated excess (95% eCIa), and percent excess (95% eCIa) of suicide during the period February 

18–December 31, 2020 in Korea by region 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation.

 Total Excess Percent excess (%) 

Seoul 1,902 -92 (-227, 28) -4.6 (-10.7, 1.5) 

Busan 803 -100 (-169, -44) -11.1 (-17.4, -5.2) 

Daegu 551 -63 (-114, -22) -10.3 (-17.1, -3.9) 

Incheon 664 -73 (-131, -25) -9.9 (-16.5, -3.7) 

Gwangju 286 -36 (-63, -13) -11.1 (-18.1, -4.3) 

Daejeon 340 -39 (-71, -11) -10.3 (-17.3, -3.3) 

Ulsan 266 -31 (-57, -10) -10.4 (-17.6, -3.5) 

Gyunggi 2,730 -331 (-515, -168) -10.8 (-15.9, -5.8) 

Gangwon 445 -37 (-78, -4) -7.6 (-14.9, -0.9) 

Chungbuk 376 -46 (-82, -15) -10.8 (-18.0, -3.9) 

Chungnam 681 -93 (-155, -43) -12.0 (-18.6, -6.0) 

Jeonbuk 455 -44 (-86, -10) -8.8 (-15.9, -2.2) 

Jeonnam 452 -27 (-68, 6) -5.7 (-13.0, 1.3) 

Gyungbuk 659 -70 (-128, -23) -9.6 (-16.3, -3.3) 

Gyungnam 729 -101 (-166, -47) -12.1 (-18.6, -6.1) 

Jeju 174 -23 (-40, -9) -11.5 (-18.8, -4.8) 

Korea 11,513 -1,204 (-2,120, -456) -9.5 (-15.6, -3.8) 
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Figure 1. Temporal trend in 7-day moving average of confirmed 

COVID-19 cases (a), time-varying excess risk (relative risk, RR) of 

suicide with a band corresponding to the 95% eCI (b), and percent 

excess of suicide by period (c) during the period January 20–

December 31, 2020 in Korea 

eCI=empirical confidence interval



 

 １５ 

3.2. Excess suicide by individual characteristics 

 The heterogeneous impacts of the pandemic on suicide were 

investigated across sex, age groups, education level, and marital 

status. During the period February 18–December 31, 2020, the 

decrease in suicide was more evident in individuals who were male, 

middle-aged (aged 40–64 years), highly educated (more than high 

school), and married, with % of excess suicide, based on the central 

estimates: 11.7% (95% eCI: 5.5%, 18.0%), 13.7% (95% eCI: 7.8%, 

19.6%), 12.6% (95% eCI: 6.4%, 19.4%), and 13.6% (95% eCI: 8.0%, 

20.3%) individually (Figure 2). The corresponding number of excess 

suicides to Figure 2 are provided in the Table S2–5. Figure 3 shows 

the temporal variations in the RR of suicide during the pandemic by 

individual characteristics. It indicates that the decrease in suicide risk 

was generally more evident in individuals who were male, middle-

aged, highly educated, or married than in the general population 

across the entire pandemic period. 
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Figure 2. Percent excess and 95% confidence interval in suicide during the period February 18–December 31, 2020 in 

Korea by sex, age, education level, and marital status 

In terms of marital status, others include divorced and widowed people.
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Figure 3. Temporal trend in excess risk (relative risk, RR) of suicide 

in Korea by sex, age, education level, and marital status during the 

period January 20–December 31, 2020 

In terms of marital status, others include divorced and widowed 

people
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3.3. Sensitivity analyses 

 Different study populations and modeling specifications were 

applied to evaluate the robustness of main results. The sensitivity 

analyses showed that main results of this study are robust, showing 

a decrease in suicide during the period February 18–December 31, 

2020 (Figure S2 and Table S6–11).   
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Chapter 4. Discussion 
 

 

 This study investigated the changes in suicide deaths during 

the COVID-19 pandemic in Korea using nationwide mortality data. It 

is revealed that suicide death decreased by 9.5% (95% eCI: 3.8%, 

15.6%) during the pandemic compared to the expected baseline 

number from the pre-pandemic period. Further, the decrease in 

suicide was prominent during the first and third wave of the COVID-

19 outbreak and in male, middle-aged, highly educated, or married 

people.  

 Several studies have investigated the association between 

COVID-19 pandemic and suicide and the results were not consistent 

among studies. One study conducted in Nepal reported that the 

pandemic is associated with an increased suicide (Acharya et al., 

2022) and another study in India also examined increased suicide 

rate during the first year of the pandemic (Arya et al, 2022). In 

contrast, the results of this study generally align with previous 

studies from high-income countries, in which there were either 

decreases or no significant changes in suicide rates during the 

pandemic. Studies conducted in Norway and Germany reported that 

there was no indication of the increase in suicide rate during the 

pandemic (Qin & Mehlum, 2021; Radeloff et al., 2021). One cohort 
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study in Connecticut, in the United States, showed that the age-

adjusted suicide rate declined by 13% during the lockdown period 

compared to the 5-year average (Mitchell & Li, 2021). A study in 

Japan reported that suicide rates declined by 14% during the first 

five months of the pandemic (February to June, 2020), and then 

increased by 16% during the second wave (July to October, 2020) 

with a larger increase among females (37%) and children and 

adolescents (49%) (Tanaka & Okamoto, 2021).  

 The “honeymoon effect” can be a plausible explanation for 

the decrease in suicide rate during the initial stage of the pandemic. 

The honeymoon effect indicates the social phenomenon that during 

external threats—such as wars or epidemics—social cohesion 

increases temporarily and it may mitigate the risk of suicide 

(Claassen et al., 2010; Zortea et al., 2021). The author conjectures 

that people generated strong community consciousness and social 

cohesion to overcome the current public health crisis (Park & Ha, 

2020), and this is associated with an overall decrease in suicide 

during the pandemic period. It is also found lower suicide risk at the 

infection waves and this result can be also explained by the 

aforementioned perspective; i.e., higher level of social distancing and 

the anxiety attributable to the rapidly increasing number of confirmed 

cases during the waves could further increase social cohesion and 
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altruism, resulting in decreased suicidal behavior. However, 

according to previous studies including the Japanese study mentioned 

earlier (Tanaka & Okamoto, 2021; Zortea et al., 2021), the increase 

in social connectedness may not be permanent, and suicide rates can 

increase after the pandemic or in a later stage of the pandemic. 

Therefore, the excess suicide attributable to the pandemic should be 

consistently examined even after the pandemic, and public health 

specialists need to be prepared to deal with the possible long-term 

detrimental effects of the pandemic on suicide. 

 In Korean contexts, additional explanation could have been 

attributed to the decline in suicide during the pandemic period. Korea 

is one of the countries with world-leading information and 

communication technology (ICT) infrastructure (Park & Park, 2020). 

Therefore, the Korean society could implement the transition to 

telework and distance education quickly at the initial stage of the 

pandemic. Along with strict social distancing measures, the prevalent 

introduction of telework and distance education made people stay 

home for a longer time and the resultant increases in family support 

can be a major factor that reduced social isolation and suicide risk. 

Moreover, the author also surmise that nationwide financial support 

offered by the Korean government during the pandemic could be 

associated with reduced financial distress, which is a major risk 
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factor of suicide in Korea (Snowdon, 2018). Unlike other countries, 

in particular, the Korean government adopted an electronic payment 

technique such as vouchers and cash transfers in local currencies and 

credit cards to supply the fund. In addition, the available period and 

location of the usage were limited in order to increase the 

effectiveness of the financial support policy. As a result, consumption 

expenditure increased by 10.4% after May (Hong, 2020), and lower 

income households experienced larger increases in expenditure 

(Nam & Lee, 2021). 

 It is confirmed that the effects of the pandemic on suicide 

were disproportionately distributed by individual characteristics that 

are closely associated with socioeconomic inequalities. The author 

postulate that different patterns of social relationships between male 

and female can partly explain the difference in the effect of the 

pandemic on suicide. Compared to females who have bigger social 

networks and receive social support from various sources (Antonucci 

& Akiyama, 1987), males generally derive lower psychobiological 

benefits from social capital and are more susceptible to the social 

isolation (Neri et al., 2012). Thus, increased family support and 

reduced social isolation due to the increase of telework and social 

distancing can result in a decrease in suicide risk among males during 

the pandemic. Moreover, a larger decrease in suicide was found 



 

 ２３ 

among middle-aged populations during the pandemic than other age 

groups. In Korea, the middle-aged population is generally the most 

rigorous in socioeconomic activities among all age groups and severe 

stress from the workplace and social relationships is a dominant risk 

factor for suicide (Milner et al., 2015). The author infers that the 

increased telework and the resultant decrease in stress from 

socioeconomic activities were beneficial in reducing the suicide risk 

among the middle-aged populations during the pandemic. 

 This study also found that there was a more evident decrease 

in suicide risk among people who were highly educated and married 

compared to the general population during the pandemic. The author 

postulate that the disproportionate decreases in suicide attributable 

to the pandemic by education level are associated with disparate 

accessibility to accurate information on the COVID-19 pandemic. 

Highly educated people are more likely to be exposed to accurate 

information regarding the pandemic and are aware of suitable 

countermeasures through social media and literature (van Deursen, 

2020), which could alleviate the unnecessary anxiety and stress that 

can bring about suicidal ideation. In terms of the marital status, as 

opposed to single or non-married populations, married people are 

more likely to receive emotional support from their family during the 

pandemic, which can reduce the suicide risk. In addition, as the age 
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of first marriage continues to increase in Korea due to socioeconomic 

factors, there is a social phenomenon wherein economically stable 

people are more likely to get married (J. Lee et al., 2020). Further, 

people with high education have a larger probability to have more 

stable work conditions and higher incomes. Therefore, there is a 

possibility that highly educated and married people were less 

susceptible to the COVID-19 pandemic, and related economic 

recession and negative changes in livelihood, such as unemployment 

(Patel et al., 2020); however, these explanations should be examined 

in-depth by future studies.  

 There are several limitations in this study. First, because the 

mortality dataset was publicly available only until 2020, the extended 

study period (i.e., 2021 and 2022) was not able to be considered. 

Since the pandemic has been prolonging for more than two years and 

the trend in suicide could change, further studies should be conducted 

to examine long-term effects of the pandemic on suicide. Second, 

this study is based on suicide mortality data, not the suicidal behavior 

data; thus, the changes in various suicidal events (e.g., suicidal 

ideation and suicidal attempts) were unable to be considered, and it 

can underestimate the overall effects of the pandemic on suicide-

related events. Finally, whereas the interrupted time-series design 

defines a simple pre-post comparison and offers estimate of the 
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overall burden during the pandemic, it does not provide any 

information about mechanisms leading to decrease in suicide. Despite 

these limitations, the results of this study regarding Korea can 

provide implications to global public health policymakers implying 

that proper responses to the pandemic can be effective in reducing 

potential problems in mental health. Finally, by revealing the different 

effects of the pandemic on suicide by individual characteristics, this 

study can identify potential risk factors which are related to 

socioeconomic disparities, and provide evidence for the differentiated 

interventions in order to reduce the detrimental effects of the 

pandemic on suicide.
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Chapter 5. Conclusion 
 

 

 This is the first nationwide study to examine the excess 

suicide death attributable to the COVID-19 pandemic in Korea and 

its temporal and demographic variations. The results of this study 

can provide timely and scientific evidence to establish public health 

interventions and also suggest the prioritization of resource 

allocation to look after the mental health of individuals according to 

the different vulnerabilities by individual-level characteristics.
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Supplementary materials 
 

 

Table S1. Number of suicide and estimated excess (with 95% eCIa) during the period February 18–December 31, 2020 

by region and period 

 1st wave  1st plateau  2nd wave  2nd plateau  3rd wave 

Total Excess  Total Excess  Total Excess  Total Excess  Total Excess 

Seoul 168 -23 (-49, 2)  922 -32 (-104, 27)  248 6 (-27, 31)  188 0 (-18, 14)  376 -42 (-74, -14) 

Busan 73 -12 (-26, 1)  413 -37 (-72, -8)  86 -15 (-32, -2)  84 -12 (-24, -3)  147 -24 (-39, -13) 

Daegu 51 -8 (-18, 1)  275 -28 (-54, -8)  61 -3 (-15, 5)  67 -6 (-15, 2)  97 -18 (-28, -9) 

Incheon 80 0 (-13, 12)  321 -32 (-62, -9)  72 -9 (-23, 2)  65 -9 (-18, -1)  126 -23 (-36, -13) 

Gwangju 25 -5 (-10, 0)  141 -12 (-26, -1)  23 -4 (-10, 0)  30 -4 (-9, -1)  67 -10 (-17, -5) 

Daejeon 29 -4 (-9, 1)  161 -17 (-31, -5)  42 -2 (-9, 5)  32 -2 (-7, 1)  76 -14 (-23, -7) 

Ulsan 33 -5 (-12, 2)  136 -11 (-24, 0)  27 -4 (-10, 1)  20 -2 (-6, 0)  50 -9 (-15, -5) 

Gyunggi 240 -55 (-93, -19)  1,321 -148 (-250, -67)  353 -11 (-56, 25)  279 -20 (-48, 4)  537 -98 (-146, -59) 

Gangwon 36 -5 (-13, 2)  227 -15 (-36, 1)  58 -2 (-13, 7)  47 -3 (-9, 2)  77 -12 (-20, -5) 

Chungbuk 41 -5 (-13, 2)  169 -18 (-35, -4)  50 -5 (-15, 3)  48 -5 (-12, 0)  68 -12 (-19, -6) 

Chungnam 54 -12 (-23, -2)  342 -34 (-66, -9)  79 -12 (-28, 0)  67 -9 (-18, -2)  139 -25 (-39, -14) 

Jeonbuk 39 -8 (-17, 0)  237 -15 (-37, 2)  63 -5 (-18, 4)  43 -4 (-10, 1)  73 -11 (-18, -5) 

Jeonnam 45 -4 (-13, 4)  211 -14 (-34, 3)  67 2 (-10, 11)  54 -1 (-8, 5)  75 -10 (-18, -4) 

Gyungbuk 50 -9 (-19, 0)  345 -26 (-58, -1)  83 -10 (-26, 3)  65 -7 (-16, 0)  116 -18 (-30, -9) 

Gyungnam 56 -14 (-26, -4)  375 -40 (-74, -12)  84 -10 (-26, 3)  69 -9 (-18, -1)  145 -28 (-43, -16) 

Jeju 23 -5 (-11, 0)  82 -7 (-15, 0)  20 -3 (-8, 1)  13 -2 (-4, 0)  36 -6 (-10, -3) 

Korea 1,043 -175 (-356, -1)  5,678 -486 (-925, -147)  1,416 -89 (-329, 95)  1,171 -96 (-235, 17)  2,205 -359 (-558, -197) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S2. Number of suicide and estimated excess (with 95% eCIa) during the period February 18–December 31, 2020 

by region and sex 

 Males  Females 

Total Excess  Total Excess 

Seoul 1,241 -81 (-177, 7)  661 -4 (-78, 66) 

Busan 558 -80 (-133, -29)  245 -4 (-36, 25) 

Daegu 368 -63 (-104, -28)  183 -9 (-34, 14) 

Incheon 455 -99 (-149, -56)  209 1 (-26, 26) 

Gwangju 197 -22 (-45, -2)  89 -1 (-16, 12) 

Daejeon 229 -47 (-74, -22)  111 -5 (-21, 10) 

Ulsan 190 -22 (-45, -1)  76 1 (-10, 11) 

Gyunggi 1,880 -243 (-385, -109)  850 -91 (-188, 4) 

Gangwon 303 -37 (-70, -9)  142 2 (-17, 19) 

Chungbuk 274 -54 (-84, -27)  102 3 (-12, 15) 

Chungnam 459 -79 (-129, -34)  222 -4 (-32, 23) 

Jeonbuk 338 -29 (-63, 2)  117 -4 (-19, 10) 

Jeonnam 333 -48 (-84, -17)  119 2 (-15, 17) 

Gyungbuk 433 -61 (-109, -18)  226 6 (-21, 32) 

Gyungnam 529 -70 (-122, -22)  200 -20 (-48, 6) 

Jeju 125 -18 (-34, -5)  49 -2 (-9, 5) 

Korea 7,912 -1,053 (-1,742, -459)  3.601 -128 (-577, 295) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S3. Number of suicide and estimated excess (with 95% eCIa) during the period February 18–December 31, 2020 

by region and age group 

 0–39 y  40–64 y  65+ y 

Total Excess  Total Excess  Total Excess 

Seoul 638 54.7 (-26, 126)  799 -111 (-174, -56)  465 -45 (-91, -9) 

Busan 182 -4 (-37, 24)  395 -44 (-76, -15)  226 -27 (-52, -8) 

Daegu 168 7 (-23, 32)  248 -46 (-71, -26)  135 -9 (-27, 4) 

Incheon 210 22 (-11, 51)  330 -49 (-80, -23)  124 -24 (-41, -12) 

Gwangju 89 -8 (-28, 8)  134 -14 (-29, -2)  63 -5 (-16, 4) 

Daejeon 115 0 (-22, 19)  140 -27 (-41, -16)  85 -12 (-26, -3) 

Ulsan 74 4 (-11, 16)  150 -19 (-34, -6)  42 -7 (-12, -4) 

Gyunggi 828 2 (-104, 98)  1,267 -258 (-355, -169)  635 -66 (-126, -16) 

Gangwon 85 -2 (-20, 14)  213 -26 (-46, -9)  147 -8 (-26, 4) 

Chungbuk 97 -2 (-23, 14)  164 -30 (-46, -17)  115 3 (-12, 12) 

Chungnam 163 -27 (-61, 2)  315 -53 (-83, -27)  203 -12 (-35, 5) 

Jeonbuk 108 -2 (-22, 16)  204 -22 (-41, -6)  143 -14 (-32, -2) 

Jeonnam 92 -2 (-20, 14)  202 -32 (-52, -16)  158 -9 (-29, 4) 

Gyungbuk 139 -8 (-35, 15)  313 -44 (-72, -20)  207 -26 (-52, -9) 

Gyungnam 182 -32 (-69, 1)  362 -56 (-89, -27)  185 -28 (-52, -12) 

Jeju 42 -4 (-14, 5)  88 -12 (-22, -4)  44 2 (-6, 7) 

Korea 3,212 1 (-523, 450)  5,324 -843 (-1,302, -449)  2,977 -288 (-601, -73) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S4. Number of suicide and estimated excess (with 95% eCIa) during the period February 18–December 31, 2020 

by region and education level 

 <High school  High school  >High school 

Total Excess  Total Excess  Total Excess 

Seoul 452 -11 (-68, 35)  638 -4 (-70, 58)  613 -84 (-145, -34) 

Busan 235 -11 (-46, 14)  322 -59 (-106, -17)  202 -38 (-60, -21) 

Daegu 149 -18 (-41, 1)  196 -11 (-40, 14)  178 -25 (-43, -10) 

Incheon 175 -20 (-47, 2)  263 1 (-33, 30)  146 -25 (-40, -12) 

Gwangju 77 -6 (-18, 4)  92 -12 (-28, 2)  106 -15 (-26, -6) 

Daejeon 93 -10 (-25, 2)  126 -5 (-26, 12)  98 -13 (-25, -3) 

Ulsan 56 -5 (-15, 2)  112 -14 (-34, 3)  87 -14 (-22, -6) 

Gyunggi 675 -78 (-167, -6)  1,010 -164 (-275, -58)  811 -111 (-188, -46) 

Gangwon 166 -11 (-37, 8)  152 -10 (-34, 10)  98 -13 (-24, -4) 

Chungbuk 129 -14 (-33, 2)  142 -16 (-41, 6)  92 -15 (-25, -7) 

Chungnam 245 -27 (-65, 3)  230 -36 (-72, -6)  168 -17 (-35, -2) 

Jeonbuk 156 -10 (-34, 10)  146 -15 (-38, 5)  117 -18 (-31, -7) 

Jeonnam 179 -3 (-31, 16)  166 -3 (-29, 19)  87 -12 (-22, -4) 

Gyungbuk 243 -14 (-50, 13)  250 -40 (-78, -7)  148 -23 (-38, -10) 

Gyungnam 227 -22 (-56, 5)  262 -52 (-95, -16)  201 -29 (-51, -11) 

Jeju 44 -3 (-10, 2)  59 -11 (-22, -2)  51 -8 (-13, -4) 

Korea 3,301 -263 (-644, 33)  4,166 -449 (-1,013, 53)  3,203 -460 (-769, -218) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S5. Number of suicide and estimated excess (with 95% eCIa) during the period February 18–December 31, 2020 

by region and marital status 

 Single  Married  Othersb 

Total Excess  Total Excess  Total Excess 

Seoul 783 23 (-45, 80)  691 -85 (-168, -18)  420 -25 (-81, 21) 

Busan 273 -8 (-36, 15)  324 -71 (-117, -33)  206 -10 (-41, 13) 

Daegu 187 -5 (-24, 11)  207 -40 (-72, -15)  155 -18 (-46, 1) 

Incheon 238 -5 (-29, 16)  239 -36 (-70, -8)  186 -28 (-61, -3) 

Gwangju 99 -1 (-12, 8)  111 -22 (-40, -8)  76 0 (-16, 11) 

Daejeon 126 -1 (-15, 11)  114 -25 (-45, -9)  99 -17 (-35, -2) 

Ulsan 95 -2 (-12, 7)  111 -21 (-40, -7)  60 -4 (-18, 6) 

Gyunggi 952 -13 (-94, 55)  1,116 -156 (-263, -53)  661 -151 (-239, -73) 

Gangwon 123 -6 (-18, 5)  186 -17 (-44, 5)  136 -5 (-27, 10) 

Chungbuk 110 -3 (-15, 8)  152 -30 (-54, -12)  114 -18 (-40, -1) 

Chungnam 200 -5 (-26, 12)  278 -63 (-103, -27)  202 -24 (-57, 1) 

Jeonbuk 136 -4 (-18, 8)  211 -22 (-54, 3)  108 -7 (-27, 7) 

Jeonnam 133 -2 (-16, 10)  195 -13 (-41, 10)  123 2 (-19, 17) 

Gyungbuk 193 -7 (-27, 9)  287 -53 (-98, -18)  177 -10 (-37, 12) 

Gyungnam 228 -13 (-38, 7)  309 -62 (-107, -24)  192 -36 (-71, -9) 

Jeju 55 -2 (-9, 3)  68 -9 (-20, -1)  51 -3 (-14, 4) 

Korea 3,931 -53 (-423, 262)-5  4,599 -727 (-1,169, -399)  2,966 -355 (-715, -87) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
bOthers include divorced and widowed people in terms of marital status. 
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Table S6. Sensitivity analysis with study population aged 10 or more: Total number, estimated excess (95% eCIa), and 

percent excess (95% eCIa) of suicide during the period February 18–December 31, 2020 by region 

 Total Excess Percent excess (%) 

Seoul 1,901 -87 (-217, -24) -4.4 (-10.2, 1.3) 

Busan 802 -98 (-167, -39) -10.9 (-17.2, -4.6) 

Daegu 551 -62 (-113, -21) -10.1 (-17.0, -3.7) 

Incheon 664 -74 (-132, -26) -10.0 (-16.6, -3.8) 

Gwangju 286 -35 (-62, -13) -11.0 (-17.8, -4.4) 

Daejeon 340 -38 (-73, -12) -10.1 (-17.6, -3.5) 

Ulsan 266 -31 (-57, -10) -10.5 (-17.8, -3.8) 

Gyunggi 2,730 -325 (-510, -171) -10.6 (-15.7, -5.9) 

Gangwon 445 -36 (-76, -4) -7.5 (-14.6, -0.9) 

Chungbuk 376 -45 (-81, -15) -10.6 (-17.8, -3.8) 

Chungnam 681 -91 (-148, -40) -11.8 (-18.9, -5.5) 

Jeonbuk 455 -43 (-85, -9) -8.7 (-15.8, -2.0) 

Jeonnam 452 -27 (-68, 6) -5.6 (-13.1, 1.3) 

Gyungbuk 659 -27 (-68, 6) -9.7 (-16.4, -3.4) 

Gyungnam 729 -70 (-129, -23) -12.0 (-18.3, -5.6) 

Jeju 174 -22 (-40, -9) -11.4 (-18.6, -4.7) 

Korea 11,511 -1,185 (-1,983, -458) -9.3 (-14.7, -3.8) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S7. Sensitivity analysis with five knots in seasonality spline term: Total number, estimated excess (95% eCIa), 

and percent excess (95% eCIa) of suicide during the period February 18–December 31, 2020 by region 

 Total Excess Percent excess (%) 

Seoul 1,902 -96 (-228, 12) -4.8 (-9.9, 1.2) 

Busan 803 -96 (-163, -43) -10.7 (-16.0, -4.5) 

Daegu 551 -58 (-106, -20) -9.6 (-15.3, -3.0) 

Incheon 664 -67 (-124, -22) -9.2 (-14.9, -2.8) 

Gwangju 286 -33 (-59, -13) -10.4 (-16.3, -3.5) 

Daejeon 340 -35 (-67, -9) -9.4 (-15.8, -2.4) 

Ulsan 266 -31 (-56, -11) -10.4 (-16.6, -3.4) 

Gyunggi 2,730 -331 (-521, -176) -10.8 (-15.3, -5.6) 

Gangwon 445 -36 (-74, -5) -7.4 (-13.5, -0.5) 

Chungbuk 376 -42 (-76, -14) -9.9 (-16.0, -3.1) 

Chungnam 681 -90 (-149, -43) -11.7 (-17.1, -5.6) 

Jeonbuk 455 -43 (-82, -12) -8.7 (-14.6, -1.9) 

Jeonnam 452 -33 (-72, -1) -6.7 (-13.1, 0.3) 

Gyungbuk 659 -70 (-126, -26) -9.7 (-15.3, -3.4) 

Gyungnam 729 -99 (-162, -49) -11.9 (-17.4, -5.8) 

Jeju 174 -22 (-38, -8) -11.4 (-18.0, -4.9) 

Korea 11,513 -1,182 (-2,110, -438) -9.3 (-14.6, -3.2) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S8. Sensitivity analysis with different position of knots of exposure-response association in temperature basis 

term: Total number, estimated excess (95% eCIa), and percent excess (95% eCIa) of suicide during the period February 

18–December 31, 2020 by region 

 
Total 

50th and 90th percentile  10th, 75th, and 90th percentile 

Excess Percent excess (%)  Excess Percent excess (%) 

Seoul 1,902 -85 (-208, 45) -4.3 (-10.1, 1.8)  -85 (-209, 38) -4.3 (-10.3, 2.1) 

Busan 803 -99 (-163, -32) -11.0 (-17.0, -4.4)  -98 (-164, -37) -10.9 (-17.8, -4.2) 

Daegu 551 -60 (-108, -13) -9.9 (-16.5, -2.8)  -60 (-110, -16) -9.9 (-17.0, -2.7) 

Incheon 664 -74 (-129, -18) -10.1 (-16.5, -3.1)  -76 (-135, -25) -10.2 (-16.9, -3.7) 

Gwangju 286 -37 (-64, -11) -11.6 (-18.3, -4.5)  -38 (-65, -13) -11.7 (-18.8, -4.3) 

Daejeon 340 -38 (-70, -6) -10.0 (-17.2, -2.3)  -40 (-73, -10) -10.5 (-18.1, -2.9) 

Ulsan 266 -32 (-59, -10) -10.6 (-18.0, -3.2)  -32 (-59, -9) -10.9 (-18.6, -3.2) 

Gyunggi 2,730 -321 (-495, -135) -10.5 (-15.5, -5.2)  -330 (-515, -163) -10.8 (-15.9, -5.6) 

Gangwon 445 -35 (-72, 4) -7.2 (-14.3, 0.3)  -32 (-72, 6) -6.8 (-14.1, 0.7) 

Chungbuk 376 -46 (-81, -11) -10.9 (-17.9, -3.4)  -47 (-84, -13) -11.1 (-18.5, -3.8) 

Chungnam 681 -95 (-153, -36) -12.3 (-18.4, -5.6)  -95 (-155, -40) -12.3 (-18.9, -5.4) 

Jeonbuk 455 -42 (-80, -2) -8.4 (-15.2, -1.1)  -41 (-82, -4) -8.3 (-15.6, -0.9) 

Jeonnam 452 -23 (-61, 15) -4.8 (-11.9, 2.9)  -22 (-62, 14) -4.6 (-12.3, 3.2) 

Gyungbuk 659 -72 (-127, -16) -9.9 (-16.2, -3.1)  -69 (-126, -17) -9.5 (-16.4, -2.4) 

Gyungnam 729 -104 (-167, -43) -12.5 (-18.6, -6.2)  -106 (-171, -48) -12.7 (-19.3, -5.9) 

Jeju 174 -23 (-40, -6) -11.6 (-18.9, -4.0)  -23 (-41, -8) -11.8 (-19.4, -4.2) 

Korea 11,513 -1,185 (-2,042, -298) -9.3 (-15.2, -3.1)  -1,196 (-1,900, -596) -9.4 (-14.2, -4.8) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Table S9. Sensitivity analysis with different length of lag days of lag-response association in temperature basis term: 

Total number, estimated excess (95% eCIa), and percent excess (95% eCIa) of suicide during the period February 18–

December 31, 2020 by region 
 

Total 

Up to 5 lag days  Up to 7 lag days  Up to 10 lag days 

Excess Percent excess (%)  Excess Percent excess (%)  Excess Percent excess (%) 

Seoul 1,902 -88 (-213, 32) -4.4 (-10.2, 1.6)  -80 (-216, 38) -4.0 (-9.7, 2.5)  -70 (-195, 54) -3.6 (-9.8, 3.0) 

Busan 803 -102 (-167, -43) -11.2 (-17.3, -4.9)  -107 (-179, -46) -11.8 (-17.7, -4.9)  -112 (-180, -44) -12.3 (-18.7, -5.4) 

Daegu 551 -32 (-109, -21) -10.1 (-16.7, -3.2)  -64 (-116, -20) -10.4 (-16.9, -3.0)  -63 (-118, -17) -10.3 (-17.4, -3.1) 

Incheon 664 -72 (-129, -23) -9.8 (-16.3, -3.0)  -74 (-135, -21) -10.0 (-16.4, -3.7)  -73 (-129, -17) -9.9 (-16.7, -2.5) 

Gwangju 286 -37 (-63, -15) -11.4 (-18.1, -4.5)  -37 (-65, -12) -11.6 (-18.2, -4.3)  -38 (-65, -13) -11.9 (-19.1, -4.2) 

Daejeon 340 -37 (-69, -10) -9.8 (-16.8, -2.3)  -38 (-72, -8) -10.1 (-17.2, -2.8)  -35 (-68, -3) -9.4 (-17.3, -1.2) 

Ulsan 266 -32 (-58, -10) -10.8 (-17.9, -3.5)  -33 (-61, -9) -11.1 (-18.2, -3.9)  -33 (-59, -9) -11.1 (-18.9, -3.1) 

Gyunggi 2,730 -319 (-505, -142) -10.5 (-15.7, -5.4)  -322 (-509, -146) -10.5 (-15.7, -5.4)  -307 (-485, -129) -10.1 (-15.5, -4.4) 

Gangwon 445 -38 (-76, -4) -7.8 (-14.8, -0.6)  -39 (-82, -2) -8.0 (-15.1, -1.0)  -36 (-75, 4) -7.5 (-15.0, 0.5) 

Chungbuk 376 -45 (-79, -15) -10.6 (-17.5, -3.5)  -47 (-84, -13) -11.1 (-17.6, -3.6)  -46 (-80, -11) -10.8 (-18.2, -2.8) 

Chungnam 681 -92 (-152, -42) -12.0 (-18.3, -5.5)  -96 (-159, -42) -12.3 (-18.4, -5.4)  -98 (-164, -42) -12.5 (-19.1, -5.8) 

Jeonbuk 455 -44 (-85, -10) -8.8 (-15.7, -1.7)  -43 (-88, -7) -8.7 (-15.4, -0.7)  -43 (-88, -5) -8.7 (-15.9, -1.2) 

Jeonnam 452 -27 (-67, 6) -5.7 (-13.0, 1.8)  -25 (-67, 12) -5.3 (-12.5, 2.0)  -21 (-59, 18) -4.4 (-12.3, 3.4) 

Gyungbuk 659 -71 (-128, -23) -9.7 (-16.3, -3.0)  -75 (-134, -23) -10.2 (-16.4, -3.0)  -73 (-129, -17) -9.9 (-16.8, -2.6) 

Gyungnam 729 -99 (-161, -41) -11.9 (-18.2, -5.7)  -103 (-170, -46) -12.4 (-18.4, -5.4)  -105 (-168, -43) -12.6 (-19.3, -5.6) 

Jeju 174 -23 (-39, -9) -11.5 (-18.4, -4.2)  -23 (-41, -7) -11.8 (-18.8, -4.6)  -24 (-41, -7) -12.0 (-19.6, -4.4) 

Korea 11,513 -1,187 (-1,959, -558) -9.3 (-14.5, -4.3)  -1,207 (-1,996, -522)  -9.5 (-14.4, -4.5)  -1,177 (-1,963, -407) -9.3 (-15.0, -3.5) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 



 

 ４１ 

Table S10. Sensitivity analysis with three knots in relative humidity spline term: Total number, estimated excess (95% 

eCIa), and percent excess (95% eCIa) of suicide during the period February 18–December 31, 2020 by region 

 Total Excess Percent excess (%) 

Seoul 1,902 -87 (-216, 30) -4.4 (-10.0, 1.3) 

Busan 803 -99 (-167, -37) -11.0 (-17.1, -5.1) 

Daegu 551 -63 (-112, -21) -10.2 (-16.8, -4.0) 

Incheon 664 -77 (-132, -27) -10.3 (-16.4, -4.5) 

Gwangju 286 -35 (-61, -12) -10.9 (-17.4, -4.7) 

Daejeon 340 -39 (-71, -11) -10.2 (-17.1, -3.7) 

Ulsan 266 -31 (-56, -9) -10.5 (-17.2, -3.9) 

Gyunggi 2,730 -324 (-509, -154) -10.6 (-15.8, -5.8) 

Gangwon 445 -36 (-74, -1) -7.6 (-14.3, -0.7) 

Chungbuk 376 -45 (-80, -15) -10.8 (-17.3, -4.4) 

Chungnam 681 -90 (-151, -39) -11.7 (-18.0, -6.0) 

Jeonbuk 455 -43 (-83, -9) -8.6 (-15.1, -2.4) 

Jeonnam 452 -28 (-68, 6) -5.9 (-12.8, 0.7) 

Gyungbuk 659 -70 (-125, -21) -9.6 (-15.8, -3.7) 

Gyungnam 729 -99 (-162, -44) -11.9 (-18.1, -6.1) 

Jeju 174 -22 (-39, -8) -11.3 (-17.9, -4.8) 

Korea 11,513 -1,190 (-2,039, -431)  -9.4 (-15.0, -4.1) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation.  
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Table S11. Sensitivity analysis with confirmed COVID-19 cases per 100,000 people in meta-analysis: Total number, 

estimated excess (95% eCIa), and percent excess (95% eCIa) of suicide during the period February 18–December 31, 

2020 by region 

 Total Excess Percent excess (%) 

Seoul 1,902 -81 (-261, 62) -4.1 (-12.1, 3.4) 

Busan 803 -98 (-172, -38) -10.9 (-17.6, -4.5) 

Daegu 551 -56 (-151, 20) -9.3 (-21.5, -3.8) 

Incheon 664 -72 (-135, -21) -9.8 (-16.9, -3.1) 

Gwangju 286 -36 (-63, -13) -11.2 (-18.1, -4.2) 

Daejeon 340 -44 (-80, -14) -11.5 (-19.0, -4.1) 

Ulsan 266 -30 (-59, -6) -10.2 (-18.2, -2.2) 

Gyunggi 2,730 -338 (-531, -177) -11.0 (-16.3, -6.1) 

Gangwon 445 -35 (-76, -1) -7.4 (-14.7, -0.1) 

Chungbuk 376 -48 (-86, -17) -11.4 (-18.6, -4.3) 

Chungnam 681 -97 (-160, -43) -12.4 (-19.0, -5.9) 

Jeonbuk 455 -42 (-87, -9) -8.5 (-16.0, -1.1) 

Jeonnam 452 -28 (-76, 11) -5.9 (-14.4, 2.5) 

Gyungbuk 659 -68 (-125, -19) -9.3 (-16.0, -2.8) 

Gyungnam 729 -105 (-180, -46) -12.6 (-19.8, -5.9) 

Jeju 174 -23 (-43, -8) -11.8 (-19.7, -4.2) 

Korea 11,513 -1,205 (-2,024, -558) -9.5 (-15.0, -4.6) 

eCI=empirical confidence interval 
aEmpirical confidence intervals (eCIs) at 95% were computed by Monte Carlo simulation. 
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Figure S1. Sensitivity analysis with five (a), six (b), and seven (c) 

knots in spline term of the days from the first COVID-19 case: 

Temporal trend in excess risk (relative risk, RR) during the period 

January 20–December 31, 2020 
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연구배경: 코로나바이러스감염증-19(이하 코로나19) 팬데믹과 정신건

강의 연관성에 대해 연구된 바들이 있으나, 코로나19가 자살에 미치는 

영향은 아직 불분명하고 국가의 문화적, 사회경제적 특성에 따라 달라

질 수 있다. 또, 코로나19로 인한 자살의 위험은 팬데믹동안 변할 수 있

고, 개인적 특성에 따라 다를 수 있다. 따라서, 본 연구는 한국에서 코로

나19 팬데믹으로 인한 초과 자살을 살펴보고, 이를 시기별, 개인적 특성

별로 확인할 것이다. 

 

연구방법: 2017년 1월부터 2020년 12월까지 한국의 일별 자살 사망 시

계열 자료는 한국 통계청에서 수집하였다. 본 연구에서는 2단계 중재 시

계열 분석(interrupted time-series analysis)를 수행하였다. 첫 번째 

단계에서, 준포아송 회귀모형을 적용하여 한국 16개 시도별 초과 자살

을 추정하였다. 두 번째 단계에서는, 혼합효과 메타분석 모형을 사용하

여 지역별 추정치를 폴랑하였다. 

 

연구결과: 팬데믹 이전의 기간으로부터 계산된 자살의 기댓값과 비교하

였을 때, 2020년 2월 18일부터 12월 31일까지 자살은 9.5%(95% 경

험적 신뢰구간: 3.8%, 15.6%) 만큼 감소하였다. 자살의 초과위험은 팬데

믹 초기 단계부터 감소하였고, 이러한 감소 경향은 1차, 3차 대유행 때 

뚜렷하게 나타났다. 또한, 팬데믹 동안 자살의 감소는 남성(11.7%), 중

장년층(13.7%), 고학력자(12.6%), 기혼자(13.6%)에서 현저하게 나타
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났다. 

 

결    론: 본 연구의 결과는 자살 예방을 위한 공중보건 정책 수립에 시

의적절한 증거를 제공하고, 개인 특성에 따른 취약성에 따라 정신건강 

관리를 위한 자원 배분의 우선순위를 제안할 수 있을 것이다. 

 

주 요 어: 코로나19, 자살, 초과 위험, 시간 변동 위험, 불평등, 개인 특

성 

학    번: 2020-23520 
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