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Background: By March, 2021, the COVID-19 out-
break had reached its highest peak at the end of
December, 2020. Nevertheless, no remarkable ex-
cess mortality attributable to COVID-19 has been ob-
served. Object: We sought to quantify excess mor-
tality in April using the National Institute of Infec-
tious Diseases (NIID) model. Method: We applied the
NIID model to deaths of all causes from 1987 through
February, 2021 for all of Japan and through October
for Tokyo. Results: Results obtained for Japan show
very few excess mortality cases in August and October,
2020, estimated respectively as 12 and 104. However,
in Tokyo, 595 cases of excess mortality were detected
during August and October: they were, respectively,
3.1% and 1.7% of baseline numbers. Discussion and
Conclusion: We detected considerable excess mortal-
ity in Tokyo but not throughout Japan. Continued
careful monitoring of excess mortality of COVID-19
is expected to be important.

Keywords: excess mortality, COVID-19, all cause death,
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1. Introduction

To date, excess mortality has been used mainly to as-
sess the social effects of influenza activity [1–6]. How-
ever, since the emergence of COVID-19, excess mortal-
ity attributable to COVID-19 has attracted attention [7]
as a measure of overall disease effects because it can re-
flect cases that have remained unidentified as polymerase
chain reaction (PCR) positive. Especially in Japan, few
PCR tests have been administered per capita. Therefore,
concern has arisen that some deaths caused by COVID-19
might have remained unrecognized. Moreover, excess
mortality related to COVID-19 might be expected to con-
tribute to evaluation of vaccine effects. For these eval-
uations, the estimated excess mortality without vaccine
effects should be regarded as a baseline. Nevertheless,
no such trial to ascertain excess mortality has been under-
taken to date. This study might be the first trial to measure
that quantity in Japan.

By the end of February 2021, the COVID-19 outbreak
had shown its highest peak on the end of December 2020.
In Japan, approximately 433 thousand patients have been
reported from the outbreak, and about eight thousand
deaths. Although Japan has about one-third of the pop-
ulation of the U.S., these figures are vastly different in
scale from those reported for the U.S.: 28.6 million cases
of morbidity and 512 thousand cases of mortality [8]. In
light of the much lower number of patients in Japan, some
criticism has arisen that low PCR testing rates might have
led to the lower number of documented patients [9]. In
this sense, one might regard the number of deaths as re-
flecting the actual situation in Japan, but with no testing-
related bias.

Regarding deaths, the case-fatality rate (CFR) is about
5%. In fact, the CFRs in both countries are not much
different. The lower relative frequency of PCR testing in
Japan might be related to some difficulties. Therefore,
we specifically examined excess mortality attributable to
COVID-19 in Japan, irrespective of the cause of death.

In Japan, excess mortality was estimated using
the National Institute of Infectious Diseases (NIID)
model [10], which has been the official procedure
for more than a decade. It was applied to two
data sources: the national monthly deaths of all
causes and the respective weekly pneumonia and in-
fluenza deaths in the 21 largest cities and their to-
tal. The latter is published regularly in Japanese dur-
ing the influenza season (https://www.niid.go.jp/niid/ja/
flu-m/2112-idsc/jinsoku/131-flu-jinsoku.html). Unfortu-
nately, that publication ceased in March 2020 because it
was intended for influenza. The first peak in Japan was
April 3 [11]: excess mortality cannot be detected until
March. Instead, we applied the NIID model to all causes
of death throughout Japan during April–December 2020.

2. Method

Excess mortality is defined as the difference between
the actual number of deaths and an epidemiological
threshold. The epidemiological threshold is defined as
the upper bound of the 95% confidence interval (CI) of
the baseline. The baseline is defined as the number of
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deaths that are likely to have occurred if an influenza out-
break had not occurred. Therefore, excess mortality is not
inferred if the actual deaths are fewer than the epidemio-
logical threshold.

The data used for this study were monthly deaths of all
causes from 1987 through February 2021 [12]. For the
NIID model, the Stochastic Frontier Estimation [13–19]
is

logDt = α +β Tt + γT 2
t +∑ηiMit + εt , . . . (1)

and

εt = νt + |ωt |, . . . . . . . . . . . . . (2)

where Dt represents all causes of death in month/year t,
Tt denotes the linear time trend, and Mit is the dummy
variable for a month. Its value is one if t is the i-th
month and zero otherwise. Moreover, νt and ωt are
stochastic variables respectively expressing νt ∼ N(0,μ2)
and ωt ∼ N(0,ξ 2); they are mutually independent. Al-
though νt represents stochastic disturbances, ωt denotes
non-negative deaths attributable to influenza. These dis-
turbance terms in this model are parameterized by two
parameters: ξ/μ and

√
μ2 +ξ 2. If the null hypothesis

ξ/μ = 0 is not rejected, then the Stochastic Frontier Esti-
mation model is inappropriate.

Study areas were the whole of Japan and its capital,
Tokyo. The study period for estimation was from 1987
through February 2021 for the whole of Japan and up
through October for Tokyo. We inferred significance for
results with p < 0.05.

3. Results

Table 1 presents estimation results obtained for the
whole of Japan. Table 2 shows those for Tokyo. Ta-
ble 1 shows that almost all coefficients were significant
except for the square term of the time trend and dummy
for March. Table 2 shows that almost all coefficients
were significant except for dummies for May or Novem-
ber. Some insignificant monthly dummies mean that the
impacts of the month were not significantly different from
December as reference. For the case of the whole of Japan
in Table 1, deaths in January were significantly more nu-
merous than in December, those in March were not sig-
nificantly different from those in December, and those in
other months were significantly fewer than in December.
By contrast, ξ/μ in both tables were significantly differ-
ent from zero. That finding proved the validity of using
stochastic frontier method for these data.

Figure 1 presents observed deaths, the estimated base-
line, and its threshold in Japan. It shows a clearly upward
trend with periodic fluctuation: it was high in winter and
low in summer. However, some peaks of the actual num-
ber of deaths exceeded its threshold and revealed excess
mortality. Although a large degree of excess mortality
was found mainly in winter, a small degree of excess mor-
tality was found even in summer.

Figure 2 specifically portrays results obtained for the

Table 1. Estimation results of NIID model for excess
mortality in all causes from 1987 through February 2021
throughout Japan.

Explanatory variable Estimated
coefficient p-value

Constant 11.12 < .0004

Time trend 0.001537 < .0004

Time trend 2 −0.9763*10−7 .423
January 0.07075 < .0004

February −0.05631 < .0004

March −0.01671 .053

April −0.1027 < .0004
May −0.1247 < .0004

June −0.2126 < .0004

July −0.1776 < .0004
August −0.1710 < .0004

September −0.2083 < .0004

October −0.1197 < .0004

November −0.08768 < .0004
ξ/μ 2.386 < .0004
√

μ2 +ξ 2 0.04934 < .0004

Note: For the 410 observations, the log likelihood was 914.529.
ξ 2 denotes the variance of the non-negative disturbance term. μ2

represents the variance of the disturbance term.

Table 2. NIID Model estimation results from 1987 until
October 2020 in Tokyo.

Explanatory variable Estimated
coefficient p-value

Constant 8.55 < .0004

Time trend 0.00186 < .0004

Time trend 2 −0.726*10−6 .001
January 0.0759 < .0004

February 0.137 < .0004

March 0.0292 .015

April 0.0479 < .0004
May −0.0271 .111

June −0.0584 < .0004

July −0.111 < .0004
August −0.0664 < .0004

September −0.0719 < .0004

October −0.108 < .0004

November −0.0253 .102
ξ /μ 2.44 < .0004
√

μ2 +ξ 2 0.0684 < .0004

Note: For the 406 observations, the log likelihood was 887.758.
ξ 2 denotes the variance of the non-negative disturbance term. μ2

represents the variance of the disturbance term.
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Note: Broken line represents observations of all deaths. Gray rep-
resents the estimated baseline based on Table 1. Black shows the
threshold.

Fig. 1. Observations for all deaths, estimated baseline and
threshold by NIID model from 1987 through February 2021
in Japan.

Note: Broken represents observations of all deaths. Gray represents
the estimated baseline based on Table 1. Black shows its threshold.

Fig. 2. Observations for all deaths, baseline and threshold
by NIID model since January 2020 in Japan.

period of 2020. It was difficult to recognize the black line
visually, which was the actual number of deaths. Deaths
were more numerous than the threshold based on the esti-
mation result shown in Table 1 in August and October
2020. Therefore, some excess mortality was found in
these two months. In September, black and broken lines
were almost identical, but broken line was not higher than
black line. Differences between the black line and the
broken line in the case of that broken line was higher
than black line as defined in Methods revealed 12 and
104 cases of excess mortality in August and October
2020, which were respectively 0.01 and 0.1% of the base-
line.

Figures 3 and 4 portray the estimated results for Tokyo.
The pattern of fluctuation in the numbers of all deaths in

Note: Broken line represents observations of all deaths. Gray rep-
resents the estimated baseline based on Table 2. Black shows the
threshold.

Fig. 3. Observations of all deaths, the estimated baseline,
and threshold by NIID model from 1987 through October
2020 in Tokyo.

Note: Broken represents observations of all deaths. Gray represents
the estimated baseline based on Table 2. Black shows the threshold.

Fig. 4. Observations of all deaths, estimated baseline and
threshold by NIID model from May 2019 through October
2020 in Tokyo.

Tokyo was similar to that for the whole of Japan, except
for its level. We found 595 cases of excess mortality in
August, 150 cases of excess mortality in September, and
76 in October, which were respectively 3.1, 1.7, and 0.8%
of the baseline. Fig. 4 also showed some excess mortality
in August and September in 2019, similarly to 2020.

4. Discussion

This study applied the NIID model to all causes of
death to detect excess mortality attributable to COVID-19.
We found 12 and 104 cases of excess mortality respec-
tively in August and October, 2020 throughout Japan.

Moreover, we found 821 (= 595 + 150 + 76) cases of
excess mortality in August and October in Tokyo which
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corresponded to approximately 0.8 and 3.1% of the base-
line. It might not be slight excess mortality. It might be
increasing after October, especially in winter, even though
these data were not available in Tokyo and even though
cases of excess mortality for the whole of Japan were not
found at least until February 2021, as shown in Fig. 2. Al-
though Fig. 4 also showed some excess mortality in Au-
gust and September in 2019, similarly to 2020, it should
not result from COVID-19. It might be associated with
insolation.

About 5800 mortality cases caused by COVID-19 were
confirmed throughout Japan by PCR testing and reported
by the MHLW officially as of February 2021 [12]. There-
fore, even if COVID-19 actually caused external mortal-
ity, neither the NIID model nor another statistical model
would be able to detect significant effects attributable to
COVID-19. Some deaths from COVID-19 might not have
been tested and might have been excluded from these of-
ficial numbers of mortality cases. However, deaths in all
causes, which were analyzed in the present study, include
deaths without diagnosis as COVID-19. They are not in-
cluded with deaths in COVID-19, but are actually associ-
ated with COVID-19. The slight mortality from all causes
found from the present study suggests that such unrecog-
nized deaths associated with COVID-19 were not signifi-
cantly numerous, even if they occurred.

Some researchers in Japan have emphasized consider-
able excess mortality from all causes of death through
October of around 19 thousand at maximum because of
COVID-19 [20] when using the Farrington algorithm [21]
and EuroMOMO [22], which was more than approxi-
mately 3.3 times greater than the number of deaths con-
firmed by PCR testing. This study measured excess mor-
tality as the gap separating observations and the baseline,
not a threshold as in prefectures where observations was
more numerous than the threshold. Therefore, their esti-
mated huge excess mortality might severely mislead the
risk participation for COVID-19 among the general pop-
ulation.

Particularly in Tokyo, although they found 18 cases of
excess mortality in May 2020, it was not found in the
present study, as shown in Fig. 4. That finding suggests
that their adopted procedure has an upward bias for excess
mortality compared with the NIID model, which has been
suggested logically [23].

Because we found that the total deaths were fewer than
the baseline nationwide until July and because we found
very little excess mortality in August and October shown
in Fig. 2, we might emphasize negative excess mortality.
Such negative excess mortality might be attributable to
precautions adopted widely among people such as wear-
ing masks, washing hands with alcohol, and maintaining
social distance, all of which reduce the infection risk not
only of COVID-19 and of other infectious diseases such
as influenza and pharyngoconjunctival fever. Therefore,
the total number of deaths decreased, completely offset-
ting COVID-19 effects.

Using pneumonia death data instead of total death data
might be better to evaluate excess mortality caused by

COVID-19. However, the application rules of the Interna-
tional Classification of Diseases were revised in January
2017, after which pneumonia deaths decreased by ap-
proximately 25%. April 2020 was the fourth April since
2017. Moreover, because the COVID-19 outbreak might
have spurred precautions for pneumonia in general, it
might have decreased pneumonia and deaths attributable
to pneumonia from causes other than COVID-19. If so,
the number of pneumonia deaths attributable to COVID-
19 might be offset partially or completely by the de-
creased number of pneumonia deaths attributable to in-
fectious diseases other than COVID-19.

5. Conclusion

Results of this study show considerable excess mortal-
ity since the outbreak of COVID-19 emerged in Tokyo
between August and October, as shown in Fig. 4. Excess
mortality might have increased rapidly in the winter. Con-
tinued careful monitoring of excess mortality of COVID-
19 is expected to be important.
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