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I n 2020, living conditions around the world were 
markedly affected by the coronavirus SARS-CoV-2 and 
the disease it causes, COVID-19, as well as by the 

measures taken to contain it. The spread of the infection 
and of the resulting cases of severe disease and death had 
slowed down considerably by mid-year, only to come back 
with renewed force and severity in the autumn and winter 
months (1). Reliable information is essential so that the 
disease can be controlled and the risk for the population 
 assessed. In addition to statistics on incidence, hospital -
izations, and mortality, indicators of the burden of disease 
also need to be considered, as they summarize the impact 
of disease-related morbidity and mortality on population 
health (2, 3).

The goal of the research described in this article is to 
estimate the years of life lost to COVID-19 in 
 Germany, with the aid of three indicators. The first of 
these is the years of life lost owing to death from the 
disease (“years of life lost,” YLL). YLL is a more 
 comprehensive measure of the impact of a disease on 
population health than number of deaths, as death at a 
younger age involves the loss of more years of life that 
would otherwise have been left to live. The second 
 indicator, “years lived with disability” (YLD), reflects 
the number of years of life in which the  affected 
 individuals suffer impaired health (morbidity)  because 
of the disease; the manner in which YLD is calculated 
takes both the severity and the duration of the disease 
into account, so that this indicator reflects the impact of 
morbidity on population health more accurately than 
raw case numbers alone. The third indicator, 
 “disability-adjusted life years” (DALY), is the sum of 
the first two. In the Methods and Results sections of 
this  article, the three indicators—YLL, YLD, and 
DALY—will be addressed in that order.

Method
To calculate the disease burden, all laboratory-confirmed 
cases of SARS-CoV-2 in the year 2020 that had been 
 reported to the Robert Koch Institute by 18 January 2021 
were analyzed (eMethods 1). The definition of cases 
required documentation of the date of reporting and 
death (if applicable), the patient’s age and sex, and 
whether COVID-19 was one of the main causes of death 
(if the patient died) (4). Usually, there is a delay of two 

Summary
Background: The SARS-CoV-2 pandemic presented major challenges to the health 
sector in 2020. The burden of disease arising from COVID-19 can be expressed as 
the number of years of life lost to disease or death. For example, death at age 40 
 involves a loss of far more years of life than death at age 80. 

Methods: The disability-adjusted life years (DALY) lost to COVID-19 were calculated 
as the sum of the years of life lost through death (YLL) and the number of years 
lived with disability (YLD), on the basis of laboratory-confirmed notifiable cases of 
SARS-CoV-2 infection in Germany in 2020 (documented as of 18 January 2021). 
The methodology was based on that used in the Global Burden of Disease Study. 
Pre-existing diseases do not enter into the determination of YLL; rather, the residual 
life expectancy that is applied in this calculation corresponds to a mean age-specific 
level of morbidity. 

Results: 305 641 years of life were lost to COVID-19 in Germany in 2020. The per-
centage of DALY lost by persons under 70 was 34.8% in men and 21.0% in women. 
99.3% of the COVID-19 disease burden was accounted for by death (YLL). The 
daily average years of life lost due to death was lower for COVID-19 than for the 
major non-communicable diseases. Persons who died of COVID-19 lost a mean of 
9.6 years of life; those who were under 70 when they died lost a mean of 25.2 years 
of life. Men lost more years of life than women (11.0 vs. 8.1 years). 

Conclusion: The effects of COVID-19 on public health can be expressed through the 
burden of disease indicators. This method yields additional information that should 
be put to use early in the course of future outbreaks. 

Cite this as:
Rommel A, von der Lippe E, Plass D, Ziese T, Diercke M, an der Heiden M,  
Haller S, Wengler A, on behalf of the BURDEN 2020 Study Group:  
The COVID-19 disease burden in Germany in 2020—years of life lost to death 
and disease over the course of the pandemic. Dtsch Arztebl Int 2021; 118. 
DOI: 10.3238/arztebl.m2021.0147 (online first).

Department 2, Epidemiology and Health Monitoring, Robert Koch Institute, Berlin:  
Dr. rer. med. Alexander Rommel, Dr. rer. pol. Elena von der Lippe, Dr. med. Thomas Ziese,  
Dr. rer. pol. Annelene Wengler
Department 3, Infectious Disease Epidemiology, Robert Koch Institute, Berlin: Michaela Diercke 
M.Sc., Dr. rer. nat. Matthias an der Heiden, Dr. med. Sebastian Haller
Department II 1 Environmental Hygiene, German Environment Agency, Berlin: Dr. PH Dietrich Plass 

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2021; 118: 145–51 145



M E D I C I N E

to three weeks in the reporting of SARS-CoV-2 cases, as 
well as in the documentation of clinical or vital out-
comes. With regard to the latter, the data for 2020 are 
nearly complete. The calculation of the COVID-19 dis-
ease burden was based on previous work done in the pro-
ject BURDEN 2020—The Burden of Disease in Ger-
many at the National and Regional Level (5).

Years of life lost to death (YLL)
The number of years of life lost to death (YLL) is calcu-
lated as the sum of the statistical residual life expectancy 
(in years) of all deceased persons. The resulting YLL are 
attributed to the underlying causes of death. Pre-exist-
ing conditions in COVID-19 deceased are not taken 
into account in  this calculation (eMethods 2 and 3). The 
analysis is based on the fatalities among the reported 
cases of SARS-CoV-2 (eFigures 1 and 2). To avoid over-
estimating the YLL, only fatalities for which COVID-19 
was notified as one of the underlying causes of death 
are included (eMethods 1). The YLL due to other dis-
eases, based on cause-of-death statistics from 2017 (the 
reporting year for the BURDEN 2020 study), were used 
to assess the relative contribution of COVID-19 to overall 
mortality. These reference diseases considered here were 
the five types of non-communicable disease (NCD) that 
caused the greatest YLL – ischemic heart disease; cancer 
of the trachea, bronchi, and lungs (in brief: lung cancer), 
stroke, chronic obstructive pulmonary disease (in brief: 

COPD), and colon and rectum cancer (in brief: colon 
cancer) –  and, in addition, lower respiratory infections 
(eMethods 2). Absolute figures, YLL per 100 000 inhabit-
ants, and average values per capita are presented. To cap-
ture the dynamics of the COVID-19 pandemic over time, 
the YLL was plotted day by day and as 7-day and cumu-
lative averages. For comparison, daily averages were dis-
played for COVID-19 (2020) and for the other diseases 
(2017). The seasonality of lower respiratory tract infec-
tions in particular is thus levelled out.

Years lived with disability (YLD) and overall burden of 
disease (DALY)
Four parameters serve as the basis for the calculation of 
the number of years lived with disability (YLD) in per-
sons with acute COVID-19 (eMethods 2):
● incident cases (SARS-CoV-2 infections excluding 

fatalities) (eMethods 1)
● severity distribution, classified as asymptomatic, 

mild, moderate, severe, or very severe disease 
course (eFigure 3, eTable 1)

● severity-specific weighting factors (disability 
weight): asymptomatic, 0; mild, 0.006; moderate, 
0.051; severe, 0.133; and very severe/critical 0.655) 
(eTable 1); and

● the severity-specific duration of illness (eTable 1). 
Potential late sequelae of COVID-19 are not con-

sidered. The summary measure DALY composed of 

The trend, over time, of years of life lost (YLL) among persons with COVID-19 in Germany (daily values and daily averages, 2020) and YLL due to selected other 
causes of death (daily averages, 2017)
Sources: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021); other diseases – cause-of-death statistics, 2017, life tables 
2016/2018; authors’ own calculations
COPD, chronic obstructive pulmonary disease
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YLL and YLD is presented in absolute and relative 
figuresby age, sex, and geographical region. 

Sensitivity analyses
A sensitivity analysis was conducted to determine the 
excess mortality due to the pandemic and the degree to 
which the YLL from COVID-19 reflected a real 
 increase in disease burden (eBox). Analyzing excess 
mortality in this manner also enables a comparison of 
the COVID-19 pandemic with earlier influenza waves. 
The reported case numbers and mortality figures for 
 influenza are, in fact, marked underestimates, as 
 influenza is generally diagnosed on clinical grounds 
alone and need only be reported to the authorities when 
the pathogen has been positively identified (6). It fol-
lows that it is difficult to make direct comparisons 
based on data from these sources. Another sensitivity 
analysis was used to assess the dependency of the YLD 
calculations on changes in the duration of illness. 

Results
Underlying data
1 748 644 cases of laboratory-confirmed SARS-CoV-2 
in the year 2020 had been reported to the Robert Koch 
Institute by 18 January 2021; the data elements used in 
the present analysis included the date of reporting and 
of death (in fatal cases), the age and sex of the patient, 
the severity of the disease, and the vital outcome 

(eMeth ods 1, eFigures 1 and 2). The patients included 
920 277 women (52.6%) and 828,367 men (47.4%). 
There was a total of 38,641 fatalities, with COVID-19 
reported as the cause of death in 31 638 (81.9%). Of the 
patients who died, 52.6% were men, and 89.0% were at 
least 70 years old.

Years of life lost to death (YLL)
A total of 303 608 years of life were lost to death from 
COVID-19 in Germany in 2020, of which 121 114 
(39.9%) were lost by women and 182 494 (60.1%) by 
men. On average, each patient who died lost 9.6 years 
of life; women lost fewer years of life than men (8.1 vs. 
11.0). The YLL per day had reached approximately 
2300 by 8 April 2020, stayed at approximately that 
level until 17 April, and then sank to a very low level 
from late April onward, only to rise again in October 
(Figure 1). Assuming negligible seasonal variation in 
mortality caused by NCD, it can be inferred from the 
cause-of-death statistics that the number of YLL due to 
COVID-19 was, for a few days, higher than the number 
of daily average YLL caused in 2017 by the main types 
of NCD and by lower respiratory infections (Figure 1, 
red line). The cumulative averages suggest that, by 
 December 2020, the burden of disease owing to deaths 
from COVID-19 had returned to a level below the daily 
averages from 2017 for these reference diseases 
 (Figure 1, green line). From December onward, the 

Years of life lost (YLL) among persons with COVID-19 in Germany in 2020 by age and sex 
(absolute figures and per 100 000 people) 
Sources: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021); life tables 2016/2018; authors’ own 
 calculations
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cumulative average YLL due to COVID-19, and thus 
also the average YLL for the entire year (blue line), ex-
ceeded the YLL for lower respiratory infections from 
2017, but was still below the YLL for the main types of NCD. 

Among persons with COVID-19, the number of 
YLL due to the disease rose at first with advancing 
age. Men, except for those aged 90 and above, dis-
played a markedly larger absolute loss of years of life 
to COVID-19 than women. The YLL was markedly 
lower, in absolute terms, in persons of both sexes 
aged 90 and above, but it continued to rise with age in 
relative terms (Figure 2).

Reflecting the greater residual life expectancy in per-
sons who died at a younger age, a considerable portion 
of the YLL due to COVID-19 in 2020 was accounted for 
by persons under age 70: 20.6% in women and 34.6% in 
men. These persons lost an average of 25.2 years of life 
(Table).

The sensitivity analysis reveals an estimated excess 
mortality from late February to early April 2020 (on 
the heels of the 2019/2020 influenza wave), and from 
late October 2020 onward (eFigure 4), particularly 
among persons aged 70 and above (eFigure 5). 
 Between these two periods, the observed mortality 
was similar to the expected course of mortality, 
 except for excess mortality owing to a heat wave in 
August 2020. Compared to previous years, the excess 
mortality in the spring of 2020 was approximately at 
the level of the 2019 influenza wave, and the excess 
mortality in the autumn of 2020 approximately at the 

level of the 2017/2018 influenza waves (eFigure 6). 
The reported deaths from COVID-19 and the calcu-
lated excess mortality generally agreed closely; yet, in 
times of especially increased mortality — in calendar 
weeks 14 and 15 (30 March - 13 April) and from cal-
endar week 49 (30 November - 6 December) onward 
— the excess mortality exceeded the reported deaths 
from COVID-19 (eFigure 4).

Years of life lived with disability (YLD)
Persons who contracted COVID-19 in Germany in 
2020 but did not die lost a total of 2033 years of life due 
to impaired health. Women suffered slightly fewer 
YLD than men (1005 vs. 1028). The number of YLD 
rose with age, then declined again in advanced age 
(Figure 3). Persons aged 50 to 59 were the most 
 severely affected. These results reflect the age distribu-
tion of the reported cases (eFigure 1). Accordingly, in 
both men and women, more than 70% of YLD were 
 accounted for by persons under age 70 (Table).

In relative terms, however, the number of YLD rose 
steadily with age because of the age-specific severity 
distribution (eFigure 3) and was greatest among persons 
aged 90 and above (Figure 3). Over the period of obser-
vation, 2.45 YLD arose per 100 000 persons. When con-
sidered separately for the two sexes, this figure was 
slightly lower for women than for men (2.39 vs. 2.51 
YLD per 100 000 persons). 

The sensitivity analyses revealed that the calcu-
lated YLD was sensitive to the assumed duration of 

TABLE 

Reported cases (infections, deaths) and disease burden due to COVID-19 (YLL, YLD, DALY), by age group and sex*1

*1Sources: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021), life tables 2016/2018; authors’ own calculations
*2 In years; age categories overlap and do not add up to 100%. For example, the category < 50 is included in the category < 70.
DALY, disability-adjusted life years; YLD, years lived with disability; YLL, years of life lost
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illness. Assuming five days of illness at all levels of 
severity yielded a figure of 574 YLD (0.69 per 
100 000 persons); the corresponding figure for an 
 assumption of 15 days was 1723 YLD (2.08 per 
100 000 persons) and, for 28.4 days, as in a study 
from South Korea (7), 3262 YLD (3.93 per 100 000 
persons). Nonetheless, as most of the disease burden 
due to COVID-19 was accounted for by YLL, rather 
than YLD, the variability of YLD depending on the 
assumed duration of illness made little difference to 
the overall calculated burden of disease (DALY).

The overall burden of disease due to COVID-19 (DALY)
A total of 305 641 years of life were lost by the popu-
lation of Germany in 2020 because of COVID-19 
(DALY; 368.2 per 100 000 persons). 99.3% of the 
DALY were accounted for by YLL. However, YLD 
 accounted for approximately 40% of DALY among 
persons with COVID-19 aged 10 to 19, but lessened 
with age to become less than 1% among persons aged 
60 to 69. A considerable portion of the overall DALY 
was accounted for by persons under age 70 (Table).

The COVID-19 disease burden was higher in west-
ern and southern regions of Germany, and lower in 
the north and northeast. These regional differences 
persisted after standardization for age (Figure 4, eFig-
ure 7). The disease burden was especially high in 
areas (“spatial planning regions,” Raumordnungsre-
gionen, ROR) located in the states of Bavaria and 
 Saxony. This was mainly due to the high case 

numbers experienced during the first and second 
waves of infection in Bavaria and Baden-Württem-
berg, and in the second wave in Saxony.

Discussion
An estimated total of 305 641 disability-adjusted life 
years (DALY) were lost to COVID-19 in Germany in 
2020. 99.3% of this disease burden was accounted for 
by fatal cases (303 608 YLL), and 0.7% by years lived 
with disability (2033 YLD). The persons who died of 
COVID-19 lost a mean of approximately 9.6 years of 
life; more years of life were lost by men than by women 
(11.0 vs. 8.1 years). The percentage of years of life lost 
to death among persons under age 70 was 34.6% 
among men and 20.6% among women. 

 These differences between the sexes with respect to 
years of life lost reflect the fact that men died of 
COVID-19 more frequently than women and were 
also more likely to die before age 70 (8). This accords 
with the finding that, although women contract the 
 infection somewhat more commonly, men are more 
likely to develop severe disease at a younger age (9). 
As younger persons have a longer residual life 
 expectancy, this results in higher YLL figures for men 
than for women.

The dynamic temporal course of YLL and its 
 decline over time were determined in part by pan-
demic control measures and seasonal effects (10). A 
new, noticeable rise in infections starting in August 
2020 made little difference to the overall burden of 

Years lived with disability (YLD) among persons with COVID-19 in Germany in 2020 by age and sex (absolute figures and per 100 000 
people) 
Source: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021); authors’ own calculations
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disease (as measured in DALY) until early October, 
because it mainly affected younger persons and the 
percentage of mild disease courses was higher (Figure 
1, eFigures 1 and 3) (11). The cumulative YLL due to 
COVID-19 in 2020 was lower than the usual number 
of years of life lost owing to other major causes of 
death, but the excess mortality analysis reveals that, 
by the end of the year, the COVID-19 pandemic in 
Germany had reached the approximate level of sever-
ity of a severe influenza wave. 

The above comparison with the YLL due to other dis-
eases in 2017 is, however, only a preliminary attempt to 
contextualize the COVID-19 disease burden. This 
manner of presenting the findings smooths out important 
seasonal variation in lower respiratory infections and 
also, to a lesser extent, in certain types of 
 non-communicable disease (12). Moreover, persons with 
COVID -19 can die from multiple causes; the recording 

of only the main cause of death of the list of 
 underlying causes, as is done in Germany, is problem-
atic (13, 14). However, future analyses based, e.g., on 
cause-of-death statistics for 2020 will be able to reveal 
whether COVID-19 was given as the official cause of 
death in numbers comparable to the reported fatal cases 
of COVID-19. It will also become possible to determine 
the extent to which mortality from other causes may have 
changed, and thus also to determine whether the calcu-
lated excess mortality may actually have been affected in 
the opposite direction by other trends. The restrictions on 
interpersonal contact, for example, have been found to be 
associated with lower mortality from traffic accidents 
(15); meanwhile, a hesitancy to visit hospital emergency 
rooms may have increased mortality, for instance from 
cardiovascular diseases (16, 17).

In other studies of the COVID-19 disease burden, 
the residual life expectancy entering into the calcu-
lation of YLL was adjusted for pre-existing condi-
tions (18). In the present study, however, as in the 
Global Burden of Disease study on which it was 
based, a disease-independent age-specific residual 
life expectancy was used for all persons who died at 
any particular age (19). The mean attainable residual 
life expectancy thus becomes the benchmark for the 
years of life lost. This yielded a quantification of the 
loss of life years that could, ideally, have been 
avoided by optimal prevention and treatment 
 (eMethods 3).

The high relative contribution of YLL to the 
COVID-19 disease burden approximately corresponds 
to the high relative contribution of YLL to the disease 
burden from lower respiratory infections, according to 
the Global Burden of Dis ease study (20). However, the 
size of YLD is sensitive to the underlying assumptions 
of the method (eMethods 3). Moreover, due to underre-
porting the cases analyzed do not represent all actual 
cases of SARS-CoV-2 infection (3, 21), and the esti-
mation of severity grades is fraught with uncertainty, as, 
for many patients, a description of symptoms is lacking 
(eMethods 1). Finally, evidence increasingly suggests 
that patients’ health may be impaired in the long term by 
hitherto unrecognized late sequelae of COVID-19 (22). 
Thus, the present study likely underestimates YLD to 
some extent (eMethods 3). In the near future, seroprev -
alence studies (23, 24) and clinical research will lead to a 
more accurate assessment of the frequency, severity-
grade distribution, and late sequelae of COVID-19. 

The present analysis is the first quantification of the 
COVID-19 disease burden in Germany. The impact of 
COVID-19 on population health, considering fatal 
cases, incident cases, severity grades, and duration of 
illness over the course of the pandemic, can be summa -
rized in a few indicators and compared with other 
 common diseases. It thereby becomes clear how the 
 uncontrolled spread of the virus can temporarily affect 
population health. Moreover, the impact of COVID-19 
on the health of younger persons, and its different effects 
in men and women, become clearer than from the 
number of reported cases alone. Calculating the disease 

FIGURE 4

Overall COVID-19 disease burden (DALY) in Germany in 2020 at the level of the spatial 
planning regions (Raumordnungsregionen), per 100 000 population; a comparison with a plot 
based on non-age-standardized data is shown in eFigure 7. 
Sources: data reported in 2020 as required by the Infection Protection Act (data as of  
18 Jan uary 2021), life tables 2016/2018, European standard population 2013; authors’ own 
calculations
  DALY, disability-adjusted life years

DALY per 100 000 people—standardized for age

TOP 5
1 – Upper Lusatia - Lower Silesia
2 – Upper Elbe Valley/Eastern Erz Mountains
3 – Upper Palatinate-North
4 – South Saxony
5 – Southeast Upper Bavaria

 32.4–152.7

152.7–263.5

263.5–378.4

378.4–524.8

524.8–799.1

799.1–968.9

968.9–1359.0

1
2

4

3

5

150 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2021; 118: 145–51



M E D I C I N E

burden thus yields additional information for the monitoring of 
current pandemics, which can also be put to use early on in the 
course of future outbreaks. 
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Underlying data and principles of calculation
According to the German Infection Protection Act, the following are notifi-
able: any suspected or confirmed case of COVID-19 or death resulting 
from it, as well as any confirmation of the SARS-CoV-2 pathogen, indicat-
ing the presence of an acute infection. COVID-19 cases meeting the defini-
tion of the Robert Koch Institute (RKI) must be electronically reported by 
the responsible local health authority to the responsible federal state auth-
ority on the next working day at latest, and by the federal state authority to 
the RKI on the next working day at latest. The information to be reported 
includes the confirmation of the pathogen, clinical manifestations (symp-
toms), risk factors (pre-existing conditions), hospitalization, and death. 
Medical personnel and health authorities are also required to report any 
pertinent new information that becomes known in any particular case after 
the initial report. Delays can arise in the reporting of cases by medical per-
sonnel to the local health authority and in the reporting of the information 
to the federal state authority and the RKI. The validity of the reported data 
is characterized by the features of notification and surveillance systems in 
general (3): they rapidly and continuously provide comprehensive in-
formation about the pandemic, but this information is derived solely from 
infected persons who have been in contact with the health care system. No-
tification systems thus tend to underreport mild cases while counting more 
severe cases almost completely. This is a negligible problem, in the sense 
that milder cases hardly enter into the calculation of the burden of disease. 
It should be borne in mind, however, that treatment in intensive care may 
be less than fully reported (3). Missing information on clinical manifes-
tations also makes it uncertain whether the available information accu-
rately characterizes the group of reported cases as a whole. 

When a person dies related to COVID-19, the reported information 
must include the dates of reporting and of death, the age and sex of the 
deceased, and whether COVID-19 or mainly other diseases were the 
underlying causes of death  (4). Only deaths due to COVID-19 were con-
sidered in the analyses presented in this article. According to the guide-
lines for submission of notifiable data, a death due to COVID-19 is one 
in which COVID-19 is listed as an element of the causal chain in Section 
I a–c of the death certificate (1). Figures on the reference diseases that 
were used for comparisons were derived from the cause-of-death stat-
istics for Germany in 2017. Non-informative causes of death were redis-
tributed for the purpose of calculating the burden of disease (13, 14).

As of 18 January 2021, 1 782 798 laboratory-confirmed SARS-CoV-2 
cases (uncorrected figure) for the year 2020 had been reported to the Ro-
bert Koch Institute. In 13 293 cases (0.7%), the patient’s sex was either 
not given or else stated as “diverse.” Information about age was missing 
in 3874 cases (0.2%), and information about vital status (alive or dead) 
was missing in 11 285 cases (0.6%). Thus, a total of 34 154 cases with 
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missing data (1.9%) were excluded from further analysis, yielding a cor-
rected figure of 1 748 644 cases. The numbers of reported cases and re-
ported deaths rose steadily at first, fell in the summer months, and rose 
again from September onward (eFigure 1). Among all the reported cases, 
there were 38 641 deaths, 81.9% of which were reported as having been 
mainly due to COVID-19. 52.6% of these deaths from COVID-19 were 
in men, and 89.0% of the persons who died were over age 70. In absolute 
numbers, a COVID-19 infection (not resulting in death) was most com-
mon in persons aged 50 to 59, while a large percentage of deaths from 
COVID-19 were in persons aged 80 to 89 (eFigure 2). 9.1% of those who 
died had no pre-existing condition; the mean number of pre-existing con-
ditions among those affected was 1.6. Information on pre-existing condi-
tions is highly uncertain, however, as data are lacking up to the present in 
49.2% of cases. The distribution of disease severity grades in persons 
who had COVID-19 but did not die is highly dependent on age: older 
persons had a worse disease course more commonly than younger ones 
(eTable 2). The percentage of moderate and severe disease courses tended 
to decline over time, while that of asymptomatic infections increased 
(eFigure 3). 
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Methods of calculation
Years of life lost (YLL)
From the statistical point of view, any person who dies has a mean 
 residual life expectancy at the time of death. In the present study, the 
 residual life expectancy was taken to be the maximum figure for residual 
life expectancy by age of death in any of the 16 federal states of 
 Germany, according to the life tables of the Federal Statistical Office for 
2016/2018 (25). The same residual life expectancy was assumed for men 
and women. The disease-specific YLL in any particular age group is a 
function of the number of deaths and the residual life expectancy in that 
age group: 

where i is age in years, d i,g the number of deaths at age i among persons 
with sex g, and li the residual life expectancy at age i.

Years lived with disability (YLD) and overall disease burden 
 (disability-adjusted life years, DALY)
The four severity grades, from asymptomatic to severe, are derived from 
the reported cases according to the symptom descriptions used in the Glo-
bal Burden of Disease study for upper and lower respiratory infections and 
according to the hospitalization status (7, 26) (eTable 1). Approximately 
half of all the affected persons were characterized as asymptomatic, as they 
had neither upper nor lower respiratory symptoms. Patients with a mild dis-
ease course were those who had, e.g., a sore throat or runny nose; those 
who also had fever, cough, or pneumonia had a moderate course. The pa-
tients who had a severe course were those who had to be hospitalized. 
Relatively few patients required intensive care; as in the European Disabil-
ity Weights study, these patients constituted the group with a very severe or 
critical course, which was specifically additionally defined for COVID-19 
(26, 27). The age- and sex-specific distributions of grades of severity enter-
ed into the further analysis (eTable 2). The Robert Koch Institute some-
times uses a classification of grades of severity that differs from the above, 
mainly in the definition of mild cases (3); this different severity scale can-
not be linked as easily to the existing disability weights and is therefore not 
used in the present study.

In order to scale the YLD to the unit of lost years of life, asympto-
matic, mild, moderate and severe cases were weighted with the disability 
weights for upper and lower respiratory infections fom the Global 
Burden of Disease study, while very severe cases were weighted with the 
weighting for intensive care from the European Disability Weights study 
(26, 27) (eTable 1). Deaths generally result in a loss of several years or 
even decades of life, depending on the residual life expectancy, while 
disability weights range from a minimum of 0, corresponding to intact 
health, to values close to 1 (where 1 corresponds to death) (eTable 1) 
(28). In addition, an average duration of illness is assigned to each sever-
ity grade, because infectious diseases generally take a temporally limited 
course. The specific duration of illness reflects the time from the onset of 
symptoms to the improvement of the patient’s overall condition (26). In 
general, COVID-19 is assumed to be infectious for 8–9 days, or up to 20 
days in severe cases (21). The legal duration of quarantine in Germany 
has therefore been set at 14 days. This value is used in the present ana-
lyses for asymptomatic, mild, and moderate cases. For severe cases, a 
median seven-day duration of hospitalization is added, yielding a du-
ration of illness of 21 days overall. Finally, very severe cases lasted a 

eMETHODS 2  



M E D I C I N E

Deutsches Ärzteblatt International | Dtsch Arztebl Int 2021; 118: 145–51 | Supplementary material IV

median of 18 days longer (21) and were therefore assigned a toal du-
ration of 32 days (eTable 1). The formula for YLD is as follows:

where i is the age group, g the sex, j the grade of severity, I i,g,j the number 
of reported cases, and DW j the specific disability weight for grade of sever-
ity j. An additional multiplicative factor was used to reflect the duration of 
illness:  . 

The YLD resulting from the above calculation can be interpreted as a 
number of lost years of life, even for temporally limited disease courses. 
YLL and YLD are thus measured in the same units (lost years of life) and 
can be added together to give the overall burden of disease, i.e., 
 disability-adjusted life years (DALY): 
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Additional information on method
Years of life lost, YLL
The YLL figures react sensitively to two methodological aspects of the cal-
culation of the residual life expectancy of deceased persons, which must 
therefore be kept in mind in the interpretation of the findings, namely, the 
selection of life tables and the consideration (or not) of pre-existing condi-
tions. These are, primarily, normative decisions, as they define a counter-
factual state in positing the number of lost years of life that could have been 
prevented if the affected persons had not died (29). It is centrally important 
whether an internationally uniform or a country-specific residual life ex-
pectancy is chosen for use in the analysis. The present study employed the 
maximal age-specific life expectancies for Germany based on the 
2016/2018 life tables. The YLL figures thus express an empirically 
measured prevention potential in the German population. The highest em-
pirically derived age-specific residual life expectancy among all the Ger-
man federal states is used as the measure of lost years of life due to death. 
This method is often used in country-specific disease burden calculations 
(7, 30). In contrast, for international comparisons, global life tables are 
used (19, 31); the resulting YLL figures are more abstract, as they do not 
reflect mortality as it actually exists in individual countries. 

Some studies on the COVID-19 burden of disease also adjust the re-
sidual life expectancy—and thus the YLL—for pre-existing conditions 
(18). This is done on the assumption that a person who died of 
COVID-19, if he or she had survived, would have gone on to live for a 
shorter time if he or she had one or more pre-existing conditions (the 
more such diseases, the shorter the life expectancy). In the present study, 
in contrast, all persons who died at any particular age were assigned the 
same residual life expectancy. The first approach is an attempt to correct 
the counterfactual state (see above) with additional information on the 
state of health of the affected persons; in the second approach, which is 
used in the Global Burden of Disease study (7, 19), the same residual life 
expectancy is deliberately used for all persons of the same age. The goal 
is to define, as it were, a normative prevention potential that applies 
equally to all of the persons who died. This is because it makes the em-
pirically determined maximal achievable life expectancy, independent of 
individual pre-existing conditions, the benchmark for the loss of life 
years.

Years lived with disability (YLD)
The methods of this study differ from those of a study from South Korea 
(7) in three major ways. First, different distributions of severity grades are 
used. The present study, being based on cases that were notified to the 
health authorities, had a higher percentage of asymptomatic cases and a 
lower percentage of mild cases, while having, at the same time, a larger 
number of moderate and severe cases. Because of the use of data reported 
to the national notification system, the percentage of mild and asympto-
matic cases was underestimated at the beginning of the pandemic to a 
greater extent than at later times, because many infected persons did not 
consult a physician and were not tested. Over the course of the pandemic, 
the number of tests increased, leading to an increase in the percentage of 
asymptomatic cases over time. Accordingly, the percentage of moderate 
cases (mainly those with pneumonia) and severe cases (hospitalizations) 
fell as the pandemic progressed (eFigure 3). Second, different weights 
were used, and this had a large effect on the size of YLD. In the South Ko-
rean study, some of the COVID-19 cases received markedly higher weights 
for pneumonia or sepsis. Third, the global duration of illness of 28.4 days 
that was used in the South Korean study is higher than the average of the 
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gradated durations of illness, depending on severity, that were used in the 
present study. The overall effect of this was an increased contribution of 
YLD to DALY of 10.3%. An important role might also be played by long-
term sequelae of COVID-19 that have not yet been adequately taken into 
account. The Robert Koch Institute assumes that only a relatively small 
percentage of persons who survive COVID-19 go on to suffer from long-
term sequelae: 40% of the hospitalized patients and 10% of those who were 
not hospitalized. There is as yet no uniform, medically validated definition 
of long-term sequelae, and their definitive causal attribution to COVID-19 
remains unclear, as does their frequency after a mild course of the disease 
(21, 32). A further factor complicating the calculation of disease burden is 
that, for all types of long-term sequelae, well-founded assumptions about 
their average duration must be made, and disability weights must be as-
signed for which there are, in general, no established standards. Taking the 
long-term sequelae of COVID-19 into account in the calculation of disease 
burden will thus remain a task for future research on the basis of a more se-
cure knowledge base. As the current evidence yields no definite answers, 
the fact that long-term sequelae do not enter into the present analysis must 
be made transparent and must be borne in mind in the interpretation of the 
findings. 
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Reported cases of SARS-CoV-2 and reported deaths from COVID-19 in Germany in 2020 over the course of the year
Source: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021)
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Reported SARS-CoV-2 cases (not including fatal cases) and deaths from COVID-19 in Germany in 2020 by age and sex
Source: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021)
 

eFIGURE 2
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Distribution of severity grades of SARS-CoV-2 cases in Germany in 2020 (not including fatal cases) by calendar week
Source: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021); authors’ own calculations
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Estimated excess mortality in Germany in 2020 compared to the number of reported deaths from COVID-19
Source: Destatis, special analysis of fatality figures (33); authors‘ own calculations
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eFIGURE 7

Overall COVID-19 disease burden (DALY) in Germany in 2020 at the level of the spatial planning regions (Raumordnungsregionen), per 100 000 population
Sources: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021), life tables 2016/2018, European standard population 2013; 
 authors’ own calculations
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eBOX

Excess mortality
The purpose of these analyses was to test whether the 
overall mortality differed from that of previous years. To 
determine the excess mortality, the time series of weekly 
overall numbers of deaths in 2016 and in 2020 were 
analyzed and compared (33). The EuroMoMo algorithm 
(34, 35) was used to characterize the course of the mor-
tality figures, overall and in each age group, with a sinu-
soidal pattern of seasonal variation and a linear trend. 
The linear trend enabled the model to take account of 
demographic aging, i.e., the increased percentage of 
elderly persons in the population over time, as well as of 
changes in life expectancy in Germany. Mortality was 
considered unexpectedly high or low in any particular 
week if the observed mortality figures for that week lay 
outside the interval predicted by the model. Thus, the ex-
pected values derived from the model were used to de-
termine excess mortality or reduced mortality. In some 
years, excess mortality appears in the winter months, 
during the influenza wave; heat waves in the summer 
months are regularly associated with elevated mortality 
figures (36, 37).
(eFigures 4–6)
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eTABLE 1

Calculation of years lived with disability (YLD) due to COVID-19 in Germany in 2020 *1

*1 Source: the authors’ own definition,based on those of the Global Burden of Disease study (26) and the European Disability Weights study (27)
*2 Distribution based on 1 717 006 cases (not including fatal cases) reported as of 18 January 2021

Definition of severity grade

Grade

Asymptomatic

Mild

Moderate

Severe

Very severe/critical

Total

Case definition

no reported symptoms corresponding to COVID-19, or 
else no information on clinical manifestations

general signs of illness, sore throat, runny nose, dis-
turbance of smell or taste, diarrhea, or clinical manifes-
tations are present 

the above and, in addition:
fever, cough, or pneumonia

hospitalization (but not in an intensive care unit)

intensive care

Parameter

Distribution *2 

42%

25%

27%

5%

< 1%

100%

Duration of
 illness

14 days

14 days

14 days

21 days

32 days

Disability  
weights

0.000

0.006

0.051

0.133

0.655
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eTABLE 2

Severity distribution of nonfatal cases of SARS-CoV-2 in Germany in 2020, by age and sex*

*Sources: data reported in 2020 as required by the Infection Protection Act (data as of 18 January 2021), authors’ own calculations

Age
(years)  

<10

10–19

20–29

30–39

40–49

50–59

60–69

70–79

80–89

90 +

Sex

male

female

male

female

male

female

male

female

male

female

male

female

male

female

male

female

male

female

male

female

Severity grade

asymptomatic

61%

60%

51%

47%

43%

38%

41%

38%

41%

37%

38%

36%

39%

38%

41%

44%

47%

55%

58%

67%

mild

23%

23%

27%

29%

27%

28%

27% 

29%

26%

28%

25%

27%

23%

25%

18%

20%

15%

16%

14%

15%

moderate

14%

15%

21%

23%

28%

31%

30%

31%

29%

32%

30%

33%

26%

30%

16%

18%

10%

10%

7%

6%

severe

2%

2%

1%

1%

1%

2%

2%

2%

4%

3%

5%

4%

10%

8%

22%

17%

26%

19%

20%

12%

very severe

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

1%

0%

1%

1%

2%

1%

1%

1%

0%

0%


