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Original Article

Objectives: Excess deaths, an indicator that compares total mortality rates before and during a pandemic, offer a comprehensive view 

of the pandemic’s impact. However, discrepancies may arise from variations in estimating expected deaths. This study aims to com-

pare excess deaths in Korea during the coronavirus disease 2019 pandemic using 3 methods and to analyze patterns using the most 

appropriate method. 

Methods: Expected deaths from 2020 to 2022 were estimated using mortality data from 2015-2019 as reference years. This estimation 

employed 3 approaches: (1) simple average, (2) age-adjusted average, and (3) age-adjusted linear regression. Excess deaths by age, 

gender, and cause of death were also presented.

Results: The number of excess deaths varied depending on the estimation method used, reaching its highest point with the simple 

average and its lowest with the age-adjusted average. Age-adjusted linear regression, which accounts for both the aging population 

and declining mortality rates, was considered most appropriate. Using this model, excess deaths were estimated at 0.3% for 2020, 

4.0% for 2021, and 20.7% for 2022. Excess deaths surged among individuals in their 20s throughout the pandemic, largely attributed 

to a rise in self-harm and suicide. Additionally, the results indicated sharp increases in deaths associated with “endocrine, nutritional, 

and metabolic diseases” and “symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified.”

Conclusions: Substantial variations in excess deaths were evident based on estimation method, with a notable increase in 2022. The 

heightened excess deaths among young adults and specific causes underscore key considerations for future pandemic responses.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, which 
originated from an unidentified cause of pneumonia in Wuhan, 

pISSN 1975-8375 eISSN 2233-4521 

China, in late December 2019, was officially declared a pan-
demic by the World Health Organization on March 11, 2020. 
Over the next 3 years, it inflicted considerable damage world-
wide. The impact of this pandemic on society has 2 main types: 
direct damage caused by the disease itself and collateral dam-
age resulting from infection control policies. Direct damage is 
exemplified by the deaths attributed to COVID-19, while col-
lateral damage includes a broad spectrum of adverse effects 
on physical and mental health, the economy, education, and 
various other societal dimensions [1].

Various studies are being conducted to evaluate the impact 
of the pandemic from different perspectives. One such approach 
involves estimating the excess deaths experienced by each 
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country. Excess deaths represent a metric for comparing total 
mortality rates before and during the pandemic. This metric 
accounts for not only direct deaths from COVID-19 but also 
those that may have occurred due to the pandemic and its as-
sociated policies [2]. Therefore, excess deaths are considered a 
comprehensive indicator for assessing the overall impact of 
the pandemic on a country.

However, the number of excess deaths can vary depending 
on the estimation method. To calculate excess deaths, one 
must initially establish a reference year prior to the pandemic. 
Then, the expected number of deaths during the pandemic is 
determined by applying the mortality rate from the reference 
year to the population at the time. This expected mortality fig-
ure is then compared to the actual number of deaths observed. 
Notably, the selection of the reference year and the methodol-
ogy employed to estimate expected deaths can produce dif-
ferent results [3].

For instance, Our World in Data, which consistently provides 
information on excess deaths by country, has employed 2 meth-
ods to calculate excess deaths [4]. In the early stages of the 
COVID-19 pandemic, their estimation of expected deaths was 
based on the average mortality rate observed from 2015 to 
2019. Later, they utilized regression equations derived from 
mortality rates between 2015 and 2019 to estimate expected 
deaths. In Korea, Statistics Korea reported excess deaths by us-
ing the highest number of deaths observed weekly over the 
past 3 years as the expected number and comparing this to 
the observed deaths during the pandemic [5]. However, this 
reporting has been suspended.

Although numerous articles have documented excess deaths 
in various countries during the pandemic [6,7], including Ko-
rea [8-10], few studies have compared excess death estimates 
obtained with different methodologies [11,12]. For example, 
an analysis of excess deaths in 2020-2021 across 33 countries, 
using 6 distinct methods, underscored the importance of age 
adjustment. While there were strong correlation coefficients 
of around 0.9 between excess death estimates from differ-
ent methodologies, considerable absolute differences in the 
estimated excess deaths were observed across most coun-
tries [11]. 

Thus, this study was conducted with 2 primary objectives. 
First, we compared the differences in excess deaths from 2020 
to 2022 using 3 estimation methods, including those similar to 
the ones commonly employed by publicly available websites 
such as Our World in Data and Statistics Korea. Second, we 

presented the excess deaths from 2020 to 2022, categorized 
by age group, gender, and cause of death, using the method 
that was determined to be the most appropriate.

METHODS

Data Sources
Data on deaths from 2015 to 2022 were obtained from Sta-

tistics Korea’s cause-of-death statistics. This dataset includes 
information such as age, gender, cause of death, and place of 
death [13]. Among the 2 431 753 deaths recorded from Janu-
ary 2015 to December 2022, 308 deaths lacking age informa-
tion were excluded from this study. The monthly resident reg-
istered population by age group, segmented into 10-year in-
tervals ranging from 0-9 years to 80 years or older, was acquired 
from the Korean Statistical Office [13].

Statistical Analysis
In this study, excess deaths were quantified using 2 approach-

es: (1) by calculating the difference between the observed 
and expected number of deaths, and (2) by determining the 
P-score, which is defined as ([(observed deaths−expected 
deaths)/expected deaths]×100) [14]. The term “observed 
deaths” refers to the actual number of deaths recorded from 
2020 to 2022. In contrast, expected deaths were estimated us-
ing 3 distinct methods, based on the reference period of 2015-
2019:

(1) Multiplying the average monthly mortality rates from 
2015 to 2019 by the monthly population figures from 2020 to 
2022; (2) Stratifying by age, in which the average monthly mor-
tality rates from 2015 to 2019 were multiplied by the age-strat-
ified monthly population figures from 2020 to 2022; and (3) 
Conducting linear regression analysis on the age-stratified 
monthly mortality rates from 2015 to 2019 to predict mortality 
rates for 2020 to 2022. These predicted rates were then multi-
plied by the corresponding age-stratified monthly population 
figures from 2020 to 2022. 

Excess deaths estimated using these methods were based 
on (1) simple average, (2) age-adjusted average, and (3) age-
adjusted linear regression methods. 

Age-adjusted linear regression-based excess deaths were 
deemed the most suitable method among the 3 considered, 
as this approach accounts for both changes in age structure 
and mortality rate trends. Therefore, excess deaths were char-
acterized by age, gender, and cause of death using estimates 
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from this method. For the analysis, age was categorized into 9 
groups at 10-year intervals. Causes of death were examined 
according to 22 major categories from the Korean Standard 
Classification of Diseases (KCD), which have remained consis-
tent from 2015 to 2022 [13]. The analysis was performed using 
Microsoft Excel (Microsoft Corp., Redmond, WA, USA) and SPSS 
version 25.0 (IBM Corp., Armonk, NY, USA). 

Ethics Statement
This study utilized publicly available secondary data, so ethi-

cal approval was not required.

RESULTS

Comparison of 3 Methods for Estimating Excess 
Deaths

Excess death estimates varied significantly based on the  
3 methods used to calculate expected deaths, as illustrated in 
Table 1 and Figure 1. The simple average-based method, which 
does not consider changes in age structure, suggested the oc-
currence of 16 951 excess deaths in 2020, corresponding to a 
P-score of 5.9%. In contrast, the age-adjusted average method, 
which accounts for shifts in age structure, yielded an estimate 
of -27 491 excess deaths and a P-score of -8.3%. Additionally, 
when calculating age-adjusted excess deaths while also con-
sidering changes in mortality trends in each age group, the 
estimated number of excess deaths was 937, with a P-score of 
0.3%. Despite substantial monthly variations in excess deaths, 
no correlation was observed between the monthly excess deaths 
and the monthly COVID-19 deaths for any method. Specifically, 
the correlation coefficient for the age-adjusted linear regres-
sion method was -0.119. 

In 2021, we noted a clear increase in excess deaths compared 
to 2020, as evidenced by both simple average-based and age-
adjusted linear regression-based estimates. The total excess 
deaths were 30 469 and 12 216, with P-scores of 10.6% and 
4.0%, respectively. However, when using the age-adjusted av-
erage method, excess deaths did not differ notably from those 
in 2020. Additionally, a monthly analysis of excess deaths re-
vealed no clear correlation with the number of monthly COV-
ID-19 deaths. The correlation coefficient for the age-adjusted 
linear regression was +0.151. 

When comparing excess deaths in 2022 with those in 2020 
and 2021, all 3 methods indicated sharp increases. The simple 
average-based and age-adjusted average-based methods es-

timated excess deaths at 86 585 and 13 035, respectively, with 
corresponding P-scores of 30.2% and 3.6%. In comparison, the 
age-adjusted linear regression-based method estimated ex-
cess deaths at 63 907, with a P-score of 20.7%. Analysis of the 
monthly excess death data, as determined by the age-adjust-
ed linear regression, revealed a strong correlation with month-
ly COVID-19 deaths (r=0.929).

Comparison of Excess Deaths by Age Group  
Using Age-adjusted Linear Regression

Table 2 presents excess deaths by age group. In 2020, the 
age group with the highest number of excess deaths was the 
20s, with 231 excess deaths and a P-score of 9.3%. In 2021, this 
age group continued to have the highest number, with 371 
excess deaths and a P-score of 15.4%, indicating a worsening 
situation compared to 2020. The 60s and 70s age groups also 
saw increased excess deaths, with P-scores of 7.8% and 6.1%, 
respectively. In 2022, a notable increase in excess deaths was 
observed among the elderly population. The 80s age group 
experienced the highest number, with 39 354 excess deaths 
and a P-score of 24.4%. This was followed by the 70s and 60s 
age groups. The 20s age group also saw an increase, with 433 
excess deaths and a P-score of 18.6%.

Comparison of Excess Deaths by Gender Using 
Age-adjusted Linear Regression

Table 3 presents excess deaths by gender. Due to privacy 
concerns related to the age distribution of COVID-19 deaths 
by gender, it was not feasible to calculate excess deaths ex-
cluding those from COVID-19. In both 2020 and 2021, excess 
deaths were more pronounced among men than women, with 
P-scores for men at 0.7% and 4.5%, respectively, while the scores 
for women were -0.1% and 3.4%. However, a shift occurred in 
2022, with women experiencing more excess deaths than men, 
evidenced by P-scores of 23.6% for women and 18.1% for men. 
When analyzing excess deaths by both gender and age, high 
excess deaths were noted among individuals in their 20s, re-
gardless of gender. In 2020, the excess deaths of women in 
their 20s exceeded those of men in the same age group, with 
P-scores of 15.0% for women and 6.0% for men. This trend re-
versed in 2021 and 2022, with excess deaths among men in 
their 20s surpassing those among women; P-scores for men 
were 19.6% and 21.0%, respectively, compared to 8.6% and 
14.9% for women.



483

Excess Deaths During the COVID-19 Pandemic

Table 1. Excess deaths estimated by 3 different methods from 2020 to 2022

Year COVID-19 
deaths 

Observed 
deaths

Simple average Age-adjusted average Age-adjusted linear regression

All cause Except 
COVID-19 All cause Except 

COVID-19 All cause Except 
COVID-19

2020

Jan - 28 427 1475 (5.5) 1475 (5.5) -2701 (-8.7) -2701 (-8.7) -2472 (-8.0) -2472 (-8.0) 

Feb 16 25 422 1615 (6.8) 1599 (6.7) -2186 (-7.9) -2202 (-8.0) 1884 (8.0) 1868 (7.9)

Mar 146 25 849 528 (2.1) 382 (1.5) -3513 (-12.0) -3659 (-12.5) 1994 (8.4) 1848 (7.7)

Apr 85 24 669 1123 (4.8) 1038 (4.4) -2540 (-9.3) -2625 (-9.6) 887 (3.7) 802 (3.4)

May 23 24 341 556 (2.3) 533 (2.2) -3091 (-11.3) -3114 (-11.4) -692 (-2.8) -715 (-2.9)

Jun 12 23 638 1516 (6.9) 1504 (6.8) -1863 (-7.3) -1875 (-7.4) 177 (0.8) 165 (0.7)

Jul 19 23 987 1347 (6.0) 1328 (5.9) -2078 (-8.0) -2097 (-8.0) -212 (-0.9) -231 (-1.0)

Aug 23 25 288 2320 (10.1) 2297 (10.0) -1165 (-4.4) -1188 (-4.5) 591 (2.4) 568 (2.3)

Sep 89 24 350 1792 (7.9) 1703 (7.5) -1635 (-6.3) -1724 (-6.6) 262 (1.1) 173 (0.7)

Oct 51 26 484 2068 (8.5) 2017 (8.3) -1672 (-5.9) -1723 (-6.1) 181 (0.7) 130 (0.5)

Nov 62 25 601 1554 (6.5) 1492 (6.2) -2149 (-7.7) -2211 (-8.0) -318 (-1.2) -380 (-1.5)

Dec 374 26 865 1056 (4.1) 682 (2.6) -2896 (-9.7) -3270 (-11.0) -1347 (-4.8) -1721 (-6.1)

Total 900 304 921 16 951 (5.9) 16 051 (5.6) -27 491 (-8.3) -28 391 (-8.5) 937 (0.3) 37 (0.0)

2021

Jan 520 27 219 279 (1.0) -241 (-0.9) -5345 (-16.4) -5865 (-18.0) -5052 (-15.7) -5572 (-17.3)

Feb 183 23 786 -11 (0.0) -194 (-0.8) -5097 (-17.6) -5280 (-18.3) 585 (2.5) 402 (1.7)

Mar 128 26 557 1303 (5.2) 1175 (4.7) -3877 (-12.7) -4005 (-13.2) 3942 (17.4) 3814 (16.9)

Apr 97 25 070 1588 (6.8) 1491 (6.3) -3114 (-11.1) -3211 (-11.4) 1613 (6.9) 1516 (6.5)

May 131 25 564 1852 (7.8) 1721 (7.3) -2830 (-10.0) -2961 (-10.4) 483 (1.9) 352 (1.4)

Jun 59 24 380 2330 (10.6) 2271 (10.3) -2021 (-7.7) -2080 (-7.9) 781 (3.3) 722 (3.1)

Jul 77 25 728 3162 (14.0) 3085 (13.7) -1259 (-4.7) -1336 (-5.0) 1298 (5.3) 1221 (5.0)

Aug 190 25 917 3024 (13.2) 2834 (12.4) -1473 (-5.4) -1663 (-6.1) 938 (3.8) 748 (3.0)

Sep 196 25 661 3179 (14.1) 2983 (13.3) -1244 (-4.6) -1440 (-5.4) 1349 (5.5) 1153 (4.7)

Oct 368 27 747 3414 (14.0) 3046 (12.5) -1399 (-4.8) -1767 (-6.1) 1156 (4.3) 788 (3.0)

Nov 775 28 364 4402 (18.4) 3627 (15.1) -359 (-1.3) -1134 (-3.9) 2142 (8.2) 1367 (5.2)

Dec 1939 31 662 5947 (23.1) 4008 (15.6) 861 (2.8) -1078 (-3.5) 2980 (10.4) 1041 (3.6)

Total 4663 317 655 30 469 (10.6) 25 806 (9.0) -27 156 (-7.9) -31 819 (-9.2) 12 216 (4.0) 7553 (2.5)

2022

Jan 1192 29 841 3001 (11.2) 1809 (6.7) -3919 (-11.6) -5111 (-15.1) -3586 (-10.7) -4778 (-14.3)

Feb 1303 29 290 5585 (23.6) 4282 (18.1) -659 (-2.2) -1962 (-6.6) 6701 (29.7) 5398 (23.9)

Mar 8171 44 613 19 407 (77.0) 11 236 (44.6) 12 804 (40.3) 4633 (14.6) 22 819 (104.7) 14 648 (67.2)

Apr 6564 36 679 13 247 (56.5) 6683 (28.5) 7270 (24.7) 706 (2.4) 13 427 (57.7) 6863 (29.5)

May 1382 28 902 5236 (22.1) 3854 (16.3) -759 (-2.6) -2141 (-7.2) 3555 (14.0) 2173 (8.6)

Jun 371 24 910 2901 (13.2) 2530 (11.5) -2684 (-9.7) -3055 (-11.1) 944 (3.9) 573 (2.4)

Jul 500 26 072 3549 (15.8) 3049 (13.5) -2145 (-7.6) -2645 (-9.4) 1161 (4.7) 661 (2.7)

Aug 1717 30 038 7196 (31.5) 5479 (24.0) 1382 (4.8) -335 (-1.2) 4502 (17.6) 2785 (10.9)

Sep 1642 29 231 6837 (30.5) 5195 (23.2) 1170 (4.2) -472 (-1.7) 4508 (18.2) 2866 (11.6)

Oct 769 29 787 5550 (22.9) 4781 (19.7) -686 (-2.3) -1455 (-4.8) 2633 (9.7) 1864 (6.9)

Nov 1332 30 155 6287 (26.3) 4955 (20.8) 95 (0.3) -1237 (-4.1) 3334 (12.4) 2002 (7.5)

Dec 1650 33 403 7789 (30.4) 6139 (24.0) 1166 (3.6) -484 (-1.5) 3908 (13.2) 2258 (7.7)

Total 26 593 372 921 86 585 (30.2) 59 992 (21.0) 13 035 (3.6) -13 558 (-3.8) 63 907 (20.7) 37 314 (12.1)

Values are presented as number or number (P-score, %).
COVID-19, coronavirus disease 2019.
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Figure 1. Comparison of excess deaths using three methods (simple average, age-adjusted average, and age-adjusted linear re-
gression) from 2020 to 2022.
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Table 2. Excess deaths by age based on age-adjusted linear 
regression from 2020 to 2022  

Year Age 
(yr)

COVID-19 
deaths 

Observed 
deaths All cause Except 

COVID-19

2020 0-9 0 1001 -91 (-8.3) -91 (-8.3)

10-19 0 766 -2 (-0.3) -2 (-0.3)
20-29 0 2706 231 (9.3) 231 (9.3)
30-39 3 4759 43 (0.9) 40 (0.8)
40-49 7 11 574 178 (1.6) 171 (1.5)
50-59 30 26 390 -171 (-0.6) -201 (-0.8)
60-69 106 41 095 745 (1.8) 639 (1.6)
70-79 258 68 301 747 (1.1) 489 (0.7)
≥80 496 148 329 -743 (-0.5) -1239 (-0.8)
Total 900 304 921 937 (0.3) 37 (0.0)

2021 0-9 3 913 -43 (-4.5) -46 (-4.8)
10-19 0 773 35 (4.7) 35 (4.7)
20-29 12 2778 371 (15.4) 359 (14.9)
30-39 32 4541 -2 (-0.1) -34 (-0.8)
40-49 70 11 222 434 (4.0) 364 (3.4)
50-59 245 25 413 -147 (-0.6) -392 (-1.5)
60-69 742 44 457 3208 (7.8) 2466 (6.0)
70-79 1245 68 819 3927 (6.1) 2682 (4.1)
≥80 2314 158 739 4433 (2.9) 2119 (1.4)
Total 4663 317 655 12 216 (4.0) 7553 (2.5)

2022 0-9 34 949 120 (14.5) 86 (10.4)
10-19 19 796 52 (7.0) 33 (4.5)
20-29 65 2757 433 (18.6) 368 (15.8)
30-39 113 4427 -55 (-1.2) -168 (-3.7)
40-49 358 11 539 1097 (10.5) 739 (7.1)
50-59 1039 26 341 1241 (4.9) 202 (0.8)
60-69 2814 48 998 7833 (19.0) 5019 (12.2)
70-79 5803 76 621 13 830 (22.0) 8027 (12.8)
≥80 16 348 200 493 39 354 (24.4) 23 006 (14.3)
Total 26 593 372 921 63 907 (20.7) 37 314 (12.1)

Values are presented as number or number (P-score, %). 
COVID-19, coronavirus disease 2019. 

Table 3. Excess deaths by gender based on age-adjusted lin-
ear regression from 2020 to 2022

Year
Men Women

Observed 
deaths All cause Observed 

deaths All cause

2020
0-9 573 -43 (-7.0) 428 -48 (-10.1)
10-19 486 34 (7.6) 280 -37 (-11.5)
20-29 1660 95 (6.0) 1046 136 (15.0)
30-39 2968 -73 (-2.4) 1791 115 (6.9)
40-49 7737 44 (0.6) 3837 134 (3.6)
50-59 19 171 -294 (-1.5) 7219 124 (1.7)
60-69 29 774 383 (1.3) 11 321 362 (3.3)
70-79 43 649 794 (1.9) 24 652 -47 (-0.2)
≥80 59 136 140 (0.2) 89 193 -883 (-1.0)
Total 165 154 1080 (0.7) 139 767 -143 (-0.1)

2021
0-9 509 -30 (-5.6) 404 -13 (-3.1)
10-19 475 57 (13.7) 298 -23 (-7.0)
20-29 1783 292 (19.6) 995 79 (8.6)
30-39 2848 -84 (-2.9) 1693 82 (5.1)
40-49 7521 329 (4.6) 3701 105 (2.9)
50-59 18 249 -397 (-2.1) 7164 250 (3.6)
60-69 32 344 2232 (7.4) 12 113 975 (8.8)
70-79 43 958 2468 (5.9) 24 861 1459 (6.2)
≥80 64 277 2508 (4.1) 94 462 1925 (2.1)
Total 171 964 7375 (4.5) 145 691 4841 (3.4)

2022
0-9 537 69 (14.8) 412 51 (14.0)
10-19 479 65 (15.6) 317 -12 (-3.7)
20-29 1717 298 (21.0) 1040 135 (14.9)
30-39 2875 -48 (-1.6) 1552 -7 (-0.5)
40-49 7551 621 (9.0) 3988 477 (13.6)
50-59 18 977 666 (3.6) 7364 575 (8.5)
60-69 35 339 5143 (17.0) 13 659 2691 (24.5)
70-79 48 980 8459 (20.9) 27 641 5371 (24.1)
≥80 80 008 14 892 (22.9) 120 485 24 463 (25.5)
Total 196 463 30 164 (18.1) 176 458 33 742 (23.6)

Values are presented as number or number (P-score, %). 
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Analyzing Cause-specific Excess Deaths Using 
Age-adjusted Linear Regression

Table 4 presents the estimated excess deaths for the 22 cat-
egories of causes of death according to the KCD. The U00-U99 
category, which includes deaths from COVID-19, displayed a 
sharp rise in mortality since 2020. Consequently, these deaths 
were omitted from the cause-of-death analysis, as it was not 
suitable to estimate expected deaths using regression analysis 
for this category. Furthermore, we only reported excess deaths 
for causes where the difference was 1000 or more deaths and 
the P-score was at least 5.0%. When calculating excess deaths, 
if the absolute number of deaths is low, the P-score may ap-
pear inflated. For instance, if the expected number of deaths 
for a disease is 10 and the observed number is 20, the excess 
deaths would be 10, yielding a P-score of 100%. However, such 
an increase would not be considered meaningful from a pub-
lic health perspective.

In 2020, we noted an increase in excess deaths associated 
with endocrine, nutritional, and metabolic diseases (E00-E90; 

P-score=13.9%), and with symptoms, signs, and abnormal 
clinical and laboratory findings not elsewhere classified (R00-
R99; P-score=7.6%). In contrast, deaths from diseases of the 
respiratory system (J00-J99) decreased, as indicated by a P-
score of -12.3%. Similarly, in 2021, excess deaths were greatest 
in E00-E90, with a P-score of 32.6%, more than doubling from 
2020. Additionally, excess deaths increased significantly in 
R00-R99, with a P-score of 25.2%, more than tripling from 2020. 
Conversely, deaths from respiratory system diseases (J00-J99) 
decreased further (P-score=-16.6%).

In 2022, excess mortality was noted across various causes. 
The highest excess deaths were recorded in the E00-E90 cate-
gory, with a P-score of 83.3%. Additionally, the R00-R99 cate-
gory saw an estimated doubling of excess deaths from the 
previous year, reaching a P-score of 41.5%. Moreover, diseases 
of the nervous system (G00-G99), diseases of the digestive 
system (K00-K93), diseases of the circulatory system (I00-I99), 
and certain other consequences of external causes (S00-T98) 
exhibited P-scores of 32.6%, 15.4%, 14.8%, and 6.0%, respec-

Table 4. Excess deaths by cause of death based on age-adjusted linear regression from 2020 to 20221

Year Trend Observed 
deaths (n) Cause of death2 n (P-score, %)

2020 + 10 051 E00-E90
Endocrine, nutritional and metabolic diseases

1223 (13.9)

+ 31 796 R00-R99
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified

2245 (7.6)

- 36 361 J00-J99
Disease of the respiratory system

-5107 (-12.3)

2021 + 10 524 E00-E90
Endocrine, nutritional and metabolic diseases

2585 (32.6)

+ 37 826 R00-R99
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified

7608 (25.2)

- 36 826 J00-J99
Disease of the respiratory system

-7350 (-16.6)

2022 + 12 865 E00-E90
Endocrine, nutritional and metabolic diseases

5845 (83.3)

+ 44 033 R00-R99
Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified

12 920 (41.5)

+ 19 855 G00-G99
Diseases of the nervous system

4885 (32.6)

+ 69 032 I00-I99
Diseases of the circulatory system

8882 (14.8)

+ 14 123 K00-K93
Diseases of the digestive system

1883 (15.4)

+ 26 683 S00-T98
Injury, poisoning, and certain other consequences of external causes

1511 (6.0)

- 41 917 J00-J99
Diseases of the respiratory system

-5609 (-11.8)

1Among the 22 classifications of causes of death, only categories with excess deaths exceeding ±1000 and a P-score exceeding ±5.0% were presented.
2From the Korean Standard Classification of Diseases.
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tively. Conversely, we observed a continued decline in the J00-
J99 category, which had a P-score of -11.8%.

Additionally, an analysis was conducted on the causes of 
death among individuals in their 20s, who consistently exhib-
ited high P-scores from 2020 to 2022. Within this age group, 
the highest P-score was for S00-T98, which mainly includes in-
juries, poisoning, and certain other consequences of external 
causes, with values of 12.0% in 2020, 21.2% in 2021, and 16.4% 
in 2022. A detailed examination revealed that the primary cause 
was self-harm, specifically suicide (Supplemental Material 1).

DISCUSSION 

This study revealed significant variations in excess deaths 
depending on the method used to calculate expected deaths 
during the pandemic. Among 3 different methods, the approach 
based on the simple average showed the highest excess deaths. 
However, this method likely overestimated excess deaths be-
cause it failed to account for the rapidly aging population struc-
ture. In contrast, the age-adjusted average method, which 
considered changes in age structure when estimating expect-
ed deaths, may have underestimated excess deaths. This po-
tential underestimation is due to the decreasing trends in age-
specific mortality rates from 2015 to 2019 in most age groups. 
Therefore, both methods could potentially mislead the public 
about the actual extent of excess deaths. Consequently, the 
age-adjusted linear regression-based method, which consid-
ered both changes in age structure and mortality rate trends, 
appeared to be the most appropriate among the 3 methods. 

The estimation of excess deaths has been conducted using 
a variety of methods. For instance, a study estimated excess 
deaths in Korea from March 2020 to June 2022 using a quasi-
Poisson interrupted time-series model. This model used 
monthly mortality rates from January 2013 to February 2020 
as the reference period [8]. The study reported P-scores of 2.1% 
for 2020, 6.0% for 2021, and 24.4% for 2022. These figures are 
generally higher than those from the current study, which 
found P-scores of 0.3% for 2020, 4.0% for 2021, and 20.7% for 
2022, although slight differences were present in the study 
periods for 2020 and 2022 between the studies. In contrast, 
other studies focusing on the year 2020 reported no excess 
deaths [10] or even negative excess deaths [9]. Studies com-
paring international data have also shown a wide range of ex-
cess death estimates, depending on the methodology used 
[6]. This variability makes it challenging to determine the most 

valid method. 
During the pandemic, P-scores for 2020 and 2021 were no-

tably low but surged in 2022. This trend could be associated 
with Korea’s COVID-19 strategy, which enforced stringent 
measures to control the virus until the end of 2021. The strate-
gy then underwent a marked shift with the emergence of the 
milder Omicron variant [15]. However, other factors may have 
played a more substantial role, considering that most East 
Asian countries experienced lower COVID-19 impacts than Eu-
rope and America in the first year of the pandemic, despite 
having diverse policies [16]. 

The comparison between Korea and Japan is particularly in-
triguing because Japan adopted a relatively relaxed policy, es-
pecially regarding COVID-19 testing [17], in contrast to Korea’s 
compulsory testing and contact tracing approach [18]. For in-
stance, during the early stages of the pandemic, Japan primar-
ily conducted polymerase chain reaction tests among patients 
who exhibited persistent symptoms or had risk factors [17]. 
Given the high proportion of asymptomatic cases [19], Japan 
likely experienced greater community transmission than Ko-
rea. In support of this view, a study of healthcare workers in Ja-
pan during mid-2020 revealed that 64% of seropositive cases 
had not been previously diagnosed with COVID-19 [20]. De-
spite Japan’s more lenient approach, the age-standardized 
mortality rate in Japan exhibited a decreasing trend in 2020 
and only a slight increase in 2021 [21], which was similar to 
the trends observed in Korea. 

One potential explanation for the favorable outcomes ob-
served in East Asian countries could be that individuals in this 
region may possess a high level of pre-existing immunity [16]. 
Prior exposure to other coronaviruses, such as endemic human 
coronaviruses and severe acute respiratory syndrome corona-
virus 1, might confer immunity to COVID-19, resulting in bet-
ter clinical outcomes [22,23]. Indeed, genomic evidence of 
past coronavirus epidemics has been found in East Asian pop-
ulations [24], and a considerable number of people in South-
east Asia are infected annually with previously undetected 
coronaviruses that originate from bats [25,26]. Therefore, East 
Asia may represent a region where individuals experience 
more frequent and repeated exposure to coronaviruses and 
other related viruses compared to other regions, potentially 
bolstering their resistance to COVID-19.

One of the key findings from the analysis of excess deaths 
by age group is the marked excess deaths among individuals 
in their 20s throughout the pandemic. Further examination of 
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the causes of death indicates that most of these excess deaths 
were due to self-harm and suicide. Particularly noteworthy is 
that, while the total number of COVID-19 deaths was only 900 
in 2020, the estimated excess deaths in the 20s age group was 
estimated to be 231. This finding is of critical public health im-
portance, considering that most COVID-19 fatalities occurred 
among elderly individuals with multiple comorbidities, and 
the COVID-19 mortality rate for those in their 20s was nearly 
0% [27]. Previous studies have consistently reported increases 
in suicide among adolescents and young adults in Korea 
[28,29] and other countries [30,31]. Further research is needed 
to understand the reasons behind the rise in suicide rates among 
young adults, which may be associated with the deterioration 
of mental and emotional health during the COVID-19 pan-
demic [32,33]. 

In the analysis of cause-specific excess deaths, the catego-
ries of “endocrine, nutritional, and metabolic diseases” (E00-
E90) and “symptoms, signs, and abnormal clinical and labora-
tory findings, not elsewhere classified” (R00-R99) exhibited the 
greatest increases in excess deaths during the COVID-19 pan-
demic. The number of excess deaths and the P-score for these 
categories rose by more than fivefold from 2020 to 2022. While 
the cause of the surge in E00-E90 excess deaths remains un-
certain, it may be associated with a general decline in healthy 
living during the pandemic, including increased obesity rates, 
reduced physical activity, unhealthy dietary habits, sleep dis-
turbances, and mental stress [15,34]. The increase in excess 
deaths within the R00-R99 category calls for further investiga-
tion to ascertain whether this trend was directly tied to the 
COVID-19 pandemic or whether other factors contributed. This 
trend may also be linked to a rise in the number of elderly in-
dividuals dying at home rather than in healthcare facilities [35]. 

Conversely, excess deaths attributed to respiratory diseases 
(J00-J99) have consistently decreased, with the P-score falling 
by more than 10%. While this decline may be influenced by 
various factors, it is important to interpret this finding within 
the context of COVID-19 deaths. As respiratory disease deaths 
predominantly occur among the elderly, there may be a com-
peting risk between COVID-19 and other respiratory diseases. 
If vulnerable elderly individuals primarily die from COVID-19, a 
corresponding decrease in excess deaths from other respirato-
ry diseases would be an expected observation. 

Our study has several limitations. First, we did not consider 
alternative methods for estimating excess deaths. While we 
deemed the age-adjusted regression equation-based method 

the most appropriate of the 3 methods used, more accurate 
approaches may exist. Notably, however, sophisticated statisti-
cal methodologies do not necessarily ensure the validity of ex-
cess death estimates. For instance, a study [6] that assessed 
global excess mortality in 2020 and 2021 using an ensemble 
of 6 models faced strong criticism for producing unrealistic 
figures for many countries [36]. Second, excess deaths do not 
account for the number of life years lost. Deaths occurring at 
very old ages typically result in fewer life years lost than those 
at younger ages. Therefore, additional analyses that focus on 
years of life lost could offer a more detailed perspective on the 
pandemic’s impact. Third, our analysis of cause-specific excess 
deaths was limited to several categories with enough deaths. 
This limitation was due to the small number of deaths across 
many categories.

In summary, this study revealed significant differences in ex-
cess deaths depending on the methodologies employed to 
determine expected mortality. This underscores the critical 
importance of incorporating adjustments for shifts in popula-
tion age structure as well as mortality rate trends. Furthermore, 
while the annual data on excess deaths revealed a pronounced 
spike in 2022, age-specific analysis showed a consistent rise in 
excess deaths among individuals in their 20s throughout the 
duration of the pandemic. In anticipation of future infectious 
disease outbreaks, it is imperative to thoroughly evaluate the 
policies implemented during the COVID-19 pandemic. This 
should include the formulation of plans that address both the 
direct health consequences of the pandemic and the collateral 
damage to society that may arise from protective measures.

NOTES 

Supplemental Materials
Supplemental material is available at https://doi.org/10.3961/ 

jpmph.24.254.

Conflict of Interest
The authors have no conflicts of interest associated with the 

material presented in this paper.

Funding
None.

Acknowledgements
None.

https://doi.org/10.3961/jpmph.24.254
https://doi.org/10.3961/jpmph.24.254


So-Jin Im, et al.

488

Author Contributions
Conceptualization: Lee DH. Data curation: Im SJ. Formal anal-

ysis: Im SJ. Funding acquisition: None. Methodology: Lee DH. 
Project administration: Lee DH. Visualization: Im SJ. Writing – 
original draft: Lee DH, Im SJ. Writing – review & editing: Lee 
DH, Shin JY, Im SJ.

ORCID
So-Jin Im https://orcid.org/0000-0003-4366-1346
Ji-Yeon Shin https://orcid.org/0000-0001-5434-0359
Duk-Hee Lee https://orcid.org/0000-0003-1596-9968

REFERENCES

1. Joffe AR. COVID-19: rethinking the lockdown groupthink. Front 

Public Health 2021;9:625778. https://doi.org/10.3389/fpubh. 

2021.625778 

2. Ioannidis JP. Over- and under-estimation of COVID-19 deaths. 

Eur J Epidemiol 202;36(6):581-588. https://doi.org/10.1007/

s10654-021-00787-9

3. Ioannidis JP, Zonta F, Levitt M. Flaws and uncertainties in pan-

demic global excess death calculations. Eur J Clin Invest 2023; 

53(8):e14008. https://doi.org/10.1111/eci.14008 

4. Mathieu E, Ritchie H, Rodés-Guirao L, Appel C, Giattino C, Ha-

sell J, et al. Coronavirus pandemic (COVID-19); 2020 [cited 2023 

Feb 1]. Available from: https://ourworldindata.org/coronavirus

5. Oh JH. Excess deaths during COVID-19, how much more have 

increased? KOSTAT Stat Plus 2023;Summer:48-60 (Korean).

6. Msemburi W, Karlinsky A, Knutson V, Aleshin-Guendel S, Chat-

terji S, Wakefield J. The WHO estimates of excess mortality as-

sociated with the COVID-19 pandemic. Nature 2023;613(7942): 

130-137. https://doi.org/10.1038/s41586-022-05522-2 

7. COVID-19 Excess Mortality Collaborators. Estimating excess 

mortality due to the COVID-19 pandemic: a systematic analy-

sis of COVID-19-related mortality, 2020-21. Lancet 2022;399 

(10334):1513-1536. https://doi.org/10.1016/S0140-6736(21) 

02796-3

8. Han C, Jang H, Oh J. Excess mortality during the Coronavirus 

disease pandemic in Korea. BMC Public Health 2023;23(1): 

1698. https://doi.org/10.1186/s12889-023-16546-2

9. Kim JH, Kim S, Park E, Kim CY. Inequitable distribution of ex-

cess mortality during the COVID-19 pandemic in Korea, 2020. 

Epidemiol Health 2022;44:e2022081. https://doi.org/10.4178/

epih.e2022081

10. Shin MS, Sim B, Jang WM, Lee JY. Estimation of excess all-cause 

mortality during COVID-19 pandemic in Korea. J Korean Med 

Sci 2021;36(39):e280. https://doi.org/10.3346/jkms.2021.36.

e280

11. Levitt M, Zonta F, Ioannidis JP. Comparison of pandemic ex-

cess mortality in 2020-2021 across different empirical calcula-

tions. Environ Res 2022;213:113754. https://doi.org/10.1016/

j.envres.2022.113754 

12. Barbiellini Amidei C, Fedeli U, Gennaro N, Cestari L, Schievano 

E, Zorzi M, et al. Estimating overall and cause-specific excess 

mortality during the COVID-19 pandemic: methodological 

approaches compared. Int J Environ Res Public Health 2023; 

20(11):5941. https://doi.org/10.3390/ijerph20115941 

13. Microdata Integrated Service. Causes of death statistics [cited 

2023 Feb 1]. Available from: Available from: https://mdis.kostat.

go.kr/dwnlSvc/ofrSurvSearch.do?curMenuNo=UI_POR_P9240 

(Korean). 

14. Aron J, Muellbauer J, Giattino C, Ritchie H. A pandemic primer 

on excess mortality statistics and their comparability across 

countries; 2020 [cited 2023 Feb 1]. Available from: https://

ourworldindata.org/covid-excess-mortality

15. Lim S, Sohn M. How to cope with emerging viral diseases: les-

sons from South Korea’s strategy for COVID-19, and collateral 

damage to cardiometabolic health. Lancet Reg Health West 

Pac 2023;30:100581. https://doi.org/10.1016/j.lanwpc.2022. 

100581

16. Bhattacharya J, Magness P, Kulldorff M. Understanding the 

exceptional pre-vaccination Era East Asian COVID-19 outcomes. 

Adv Biol Regul 2022;86:100916. https://doi.org/10.1016/j.

jbior.2022.100916

17. Sawano T, Kotera Y, Ozaki A, Murayama A, Tanimoto T, Sah R, 

et al. Underestimation of COVID-19 cases in Japan: an analysis 

of RT-PCR testing for COVID-19 among 47 prefectures in Japan. 

QJM 2020;113(8):551-555. https://doi.org/10.1093/qjmed/

hcaa209 

18. Park Y, Huh IS, Lee J, Kang CR, Cho SI, Ham HJ, et al. Applica-

tion of testing-tracing-treatment strategy in response to the 

COVID-19 outbreak in Seoul, Korea. J Korean Med Sci 2020;35(45): 

e396. https://doi.org/10.3346/jkms.2020.35.e396 

19. Wang B, Andraweera P, Elliott S, Mohammed H, Lassi Z, Twig-

ger A, et al. Asymptomatic SARS-CoV-2 infection by age: a 

global systematic review and meta-analysis. Pediatr Infect Dis 

J 2023;42(3):232-239. https://doi.org/10.1097/INF.000000000 

0003791 

20. Fukuda H, Seyama K, Ito K, Ai T, Nojiri S, Hori S, et al. SARS-CoV-2 

seroprevalence in healthcare workers at a frontline hospital 

https://doi.org/10.3389/fpubh.2021.625778
https://doi.org/10.3389/fpubh.2021.625778
https://doi.org/10.1007/s10654-021-00787-9
https://doi.org/10.1007/s10654-021-00787-9
https://doi.org/10.1016/S0140-6736(21)02796-3
https://doi.org/10.1016/S0140-6736(21)02796-3
https://doi.org/10.1186/s12889-023-16546-2
https://doi.org/10.4178/epih.e2022081
https://doi.org/10.4178/epih.e2022081
https://doi.org/10.3346/jkms.2021.36.e280
https://doi.org/10.3346/jkms.2021.36.e280
https://doi.org/10.1016/j.envres.2022.113754
https://doi.org/10.1016/j.envres.2022.113754
https://mdis.kostat.go.kr/dwnlSvc/ofrSurvSearch.do?curMenuNo=UI_POR_P9240
https://mdis.kostat.go.kr/dwnlSvc/ofrSurvSearch.do?curMenuNo=UI_POR_P9240
https://ourworldindata.org/covid-excess-mortality
https://ourworldindata.org/covid-excess-mortality
https://doi.org/10.1016/j.lanwpc.2022.100581
https://doi.org/10.1016/j.lanwpc.2022.100581
https://doi.org/10.1016/j.jbior.2022.100916
https://doi.org/10.1016/j.jbior.2022.100916
https://doi.org/10.1093/qjmed/hcaa209
https://doi.org/10.1093/qjmed/hcaa209
https://doi.org/10.1097/INF.0000000000003791
https://doi.org/10.1097/INF.0000000000003791


489

Excess Deaths During the COVID-19 Pandemic

in Tokyo. Sci Rep 2021;11(1):8380. https://doi.org/10.1038/

s41598-021-87688-9

21. Tanaka H, Togawa K, Katanoda K. Impact of the COVID-19 pan-

demic on mortality trends in Japan: a reversal in 2021? A de-

scriptive analysis of national mortality data, 1995-2021. BMJ 

Open 2023;13(8):e071785. https://doi.org/10.1136/bmjopen- 

2023-071785 

22. Doshi P. Covid-19: do many people have pre-existing immuni-

ty? BMJ 2020;370:m3563. https://doi.org/10.1136/bmj.m3563

23. Murray SM, Ansari AM, Frater J, Klenerman P, Dunachie S, 

Barnes E, et al. The impact of pre-existing cross-reactive im-

munity on SARS-CoV-2 infection and vaccine responses. Nat 

Rev Immunol 2023;23(5):304-316. https://doi.org/10.1038/

s41577-022-00809-x 

24. Souilmi Y, Lauterbur ME, Tobler R, Huber CD, Johar AS, Moradi 

SV, et al. An ancient viral epidemic involving host coronavirus 

interacting genes more than 20,000 years ago in East Asia. 

Curr Biol 2021;31(16):3504-3514. https://doi.org/10.1016/

j.cub.2021.05.067 

25. Sánchez CA, Li H, Phelps KL, Zambrana-Torrelio C, Wang LF, 

Zhou P, et al. A strategy to assess spillover risk of bat SARS-re-

lated coronaviruses in Southeast Asia. Nat Commun 2022;13(1): 

4380. https://doi.org/10.1038/s41467-022-31860-w 

26. Nguyen TT, Choo EM, Nakamura Y, Suzuki R, Shiina T, Shin-I T, 

et al. Pre-existing cross-reactive neutralizing activity against 

SARS-CoV-2 and seasonal coronaviruses prior to the COVID-19 

pandemic (2014-2019) with limited immunity against recent 

emerging SARS-CoV-2 variants, Vietnam. Int J Infect Dis 2024; 

139:109-117. https://doi.org/10.1016/j.ijid.2023.11.008 

27. Pezzullo AM, Axfors C, Contopoulos-Ioannidis DG, Apostola-

tos A, Ioannidis JP. Age-stratified infection fatality rate of COV-

ID-19 in the non-elderly population. Environ Res 2023;216(Pt 

3):114655. https://doi.org/10.1016/j.envres.2022.114655 

28. Ryu S, Nam HJ, Jhon M, Lee JY, Kim JM, Kim SW. Trends in sui-

cide deaths before and after the COVID-19 outbreak in Korea. 

PLoS One 2022;17(9):e0273637. https://doi.org/10.1371/jour-

nal.pone.0273637

29. Kim S, Sung HK, Kim T, Ko SK, Kim S, Lee JH. Trends in emer-

gency department visits for suicide attempts before and dur-

ing the COVID-19 pandemic in Korea: a nationwide study, 

2016-2021. J Affect Disord 2023;331:184-191. https://doi.org/ 

10.1016/j.jad.2023.03.037

30. Sakamoto H, Ishikane M, Ghaznavi C, Ueda P. Assessment of 

suicide in Japan during the COVID-19 pandemic vs previous 

years. JAMA Netw Open 2021;4(2):e2037378. https://doi.org/ 

10.1001/jamanetworkopen.2020.37378

31. Bridge JA, Ruch DA, Sheftall AH, Hahm HC, O’Keefe VM, Fon-

tanella CA, et al. Youth suicide during the first year of the CO-

VID-19 pandemic. Pediatrics 2023;151(3):e2022058375. https://

doi.org/10.1542/peds.2022-058375 

32. Sayed AA, El-Gendy AA, Aljohani AK, Haddad RA, Taher OH, 

Senan AM, et al. The effects of COVID-19 on the mental health 

of children and adolescents: a review. Cureus 2024;16(3):e56473. 

https://doi.org/10.7759/cureus.56473 

33. Woo HG, Park S, Yon H, Lee SW, Koyanagi A, Jacob L, et al. Na-

tional trends in sadness, suicidality, and COVID-19 pandemic-

related risk factors among South Korean adolescents from 

2005 to 2021. JAMA Netw Open 2023;6(5):e2314838. https://

doi.org/10.1001/jamanetworkopen.2023.14838 

34. Giuntella O, Hyde K, Saccardo S, Sadoff S. Lifestyle and mental 

health disruptions during COVID-19. Proc Natl Acad Sci U S A 

2021;118(9):e2016632118. https://doi.org/10.1073/pnas.201 

6632118 

35. Nomura S, Nishio M, Abe SK, Eguchi A, Inoue M, Suzuki M, et 

al. Impact of the COVID-19 pandemic on cancer death loca-

tions in Japan: an analysis of excess mortality through Febru-

ary 2023. J Epidemiol 2024;34(7):349-355. https://doi.org/10. 

2188/jea.JE20230235 

36. Schöley J, Karlinsky A, Kobak D, Tallack C. Conflicting COVID-19 

excess mortality estimates. Lancet 2023;401(10375):431-432. 

https://doi.org/10.1016/S0140-6736(23)00116-2

https://doi.org/10.1038/s41598-021-87688-9
https://doi.org/10.1038/s41598-021-87688-9
https://doi.org/10.1136/bmjopen-2023-071785
https://doi.org/10.1136/bmjopen-2023-071785
https://doi.org/10.1136/bmj.m3563
https://doi.org/10.1038/s41577-022-00809-x
https://doi.org/10.1038/s41577-022-00809-x
https://doi.org/10.1016/j.cub.2021.05.067
https://doi.org/10.1016/j.cub.2021.05.067
https://doi.org/10.1371/journal.pone.0273637
https://doi.org/10.1371/journal.pone.0273637
https://doi.org/10.1016/j.jad.2023.03.037
https://doi.org/10.1016/j.jad.2023.03.037
https://doi.org/10.1001/jamanetworkopen.2020.37378
https://doi.org/10.1001/jamanetworkopen.2020.37378
https://doi.org/10.1542/peds.2022-058375
https://doi.org/10.1542/peds.2022-058375
https://doi.org/10.1001/jamanetworkopen.2023.14838
https://doi.org/10.1001/jamanetworkopen.2023.14838
https://doi.org/10.1073/pnas.2016632118
https://doi.org/10.1073/pnas.2016632118
https://doi.org/10.2188/jea.JE20230235
https://doi.org/10.2188/jea.JE20230235

