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Abstract

Aim To systematically review the evidence on productivity losses due to health problems arising from the COVID-19 pan-
demic based on evidence from population-level studies.

Methods Following PRISMA statement, we conducted a systematic review using Medline, Embase, Scopus, Web of Sci-
ence, EconLit, WHO COVID-19 Research and EuropePMC databases and a grey literature search. We included population-
level studies using secondary data and qualitatively assessed eligible studies. For a quantitative cross-study comparison, we
calculated losses in 2020 international dollars and as a share of gross domestic product. PROSPERO registration number:
CRD42023478059.

Results Thirty-eight studies were eligible for review, most of which reported losses in high-income countries and the Euro-
pean region. COVID-19 was a focus of 33 studies while 3 studies investigated losses from both long COVID and excess
mortality. The Human Capital Approach dominated (30 studies) and no study used the Friction Cost Approach. Most studies
(84%) reported on premature mortality losses and a quarter provided estimates of losses due to absenteeism. Of the 33 studies
eligible for quantitative comparison, we found that the productivity losses ranged from O to 2.1% of gross domestic product;
the greatest losses were in the high-income countries and for those aged 40-59 years; and losses among men contributed to
around 3/4 of the total burden.

Conclusion The available evidence on the topic is limited, particularly considering the methodological approaches used.
Thus, more research is needed to reach a more comprehensive understanding of economy-level productivity losses resulting
from the recent COVID-19 pandemic.

1 Introduction
Key Points for Decision Makers
Apart from the enormous health burden of COVID-19

Evidence on pandemic-related productivity losses from
morbidity and excess mortality is scarce and requires
further investigation.

[1, 2], the pandemic has had significant economic conse-
quences worldwide, with gross domestic product (GDP)
decline, increased unemployment rates, public finance
Productivity losses from COVID-19 are concentrated
among those at middle age (40-59 years) and men,
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deficits, and loss of production capacity [3, 4]. Yet, the
pandemic's economic burden extends beyond the general
macroeconomic downturn. Health economics research on
the impact of COVID-19 focused on healthcare resource
utilisation, patient outcomes, the economic burden of
inpatients, the impact of non-pharmaceutical interventions
(NPIs) on infection rates and population immunity, and
productivity losses attributable to the disease (for system-
atic reviews on the economic aspects of the pandemic,
see [5-8]).

Estimation of productivity losses (indirect costs), which
represent the potential economic output that was unpro-
duced due to health problems, is a key tool for assessing
the economic burden of diseases. These losses encom-
pass costs from both mortality and morbidity, and they
are identified as uncompleted production in formal mar-
ket activities and informal economic production (e.g.,
housekeeping, volunteering) [9, 10]. Due to its enormous
death toll and non-pharmaceutical interventions aimed at
limiting the virus spread, COVID-19 plausibly resulted
in substantial productivity losses. In an initial 10-week
period of the pandemic, nine European states experienced
0.02% (Switzerland) to 0.11% (Spain) GDP loss due to
market activities uncompleted as a result of excess mortal-
ity [11]. In an Italian study, temporary productivity losses
from the pandemic until 28 Apr 2020 were €103 million
and the respective losses from COVID-19 mortality were
three times higher, reaching 0.17% of the country's GDP
[12]. Over a longer period, productivity losses due to
COVID-19 in Canada between February 2020 and April
2022 were US$8.3 billion (0.48% of 2019 GDP) [13]. The
above figures show a large diversity of loss estimates and
are hardly comparable for several reasons. First, as shown
above, the period of analysis is diverse across studies and
this makes a straightforward comparison of findings diffi-
cult. Second, the methods for productivity loss estimations
differ and there is no agreement on which of the two com-
monly used approaches (human capital approach [HCA] or
friction cost approach [FCA]) is superior [9]. Eventually,
studies using population-level data (like those reported
above) provide estimates of losses expressed in macro-
measures, e.g., share of GDP lost, while the results from
sample-based studies are more contextual and tougher to
generalise for whole economies [14].

Previous systematic reviews on the cost of COVID-
19 have analysed productivity losses of the pandemic;
but they were either limited to specific sub-groups (e.g.,
healthcare workers [5] or inpatients [15]) or aggregated
different categories of costs (e.g. direct costs, indirect
costs, out-of-pocket payments [15, 16]). Therefore, earlier
reviews have provided a rather broad picture of COVID-
19-related cost studies. We intend to take a narrower
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perspective and analyse a specific topic of productivity
losses related to the pandemic and focus solely on pop-
ulation-based studies. The reasoning behind this choice
includes the following. Using a relatively homogenous
approach (only population-based settings), we intend to
compare estimates from all included studies quantitatively.
We also aim to compare methodological approaches used
for indirect cost estimation and this could be done more
thoroughly with a set of studies sharing common charac-
teristics. Moreover, it seems that > 4 years after the incep-
tion of the pandemic, there is sufficient evidence to synthe-
sise quantitative evidence on the burden of COVID-19 in
terms of whole-economy productivity losses. Eventually,
by reviewing the current state of knowledge on the topic,
it will be possible to assess whether the evidence on hand
will enable policy-makers with valuable insights to inform
evidence-based decisions regarding future pandemic pre-
paredness and the magnitude of productivity losses as a
part of the overall economic burden of COVID-19 [17,
18].

This is the first study to systematically review the evi-
dence on productivity loss due to health problems arising
from the COVID-19 pandemic based on results from popu-
lation-level studies.

2 Methods

This systematic review follows the PRISMA (Preferred
Reporting for Systematic Reviews and Meta-Analyses)
guidelines for conducting and reporting a systematic
review [19]. The protocol for this review was prospec-
tively registered in PROSPERO (registration number
CRD42023478059).

2.1 Search Strategy and Selection of Studies

A systematic literature search was conducted in Medline
(via PubMed), Embase, Scopus, Web of Science, EconlLit,
WHO COVID-19 Research Database and EuropePMC.
The following websites were searched for grey literature:
Google, Google Scholar, EconPapers, the National Bureau
of Economic Research, the Organization for Economic
Co-operation and Development, the Office of Health Eco-
nomics, and the World Bank. The primary search query
was developed for the PubMed search engine by authors
Btazej Lyszczarz and Pawet Niewiadomski and were sub-
sequently assessed by a librarian expert for accuracy and
quality. The Systematic Review Accelerator (Polyglot tool;
sr-accelerator.com/#/polyglot), maintained by the Institute
for Evidence-Based Healthcare at Bond University, was
used to translate a query from PubMed to other databases
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used in literature search, except for EconLit. Marta
Ortega-Ortega developed a search syntax for the Econ-
Lit database. Keywords used for identifying concepts of
COVID-19 and productivity losses are exhibited in Table 1
while detailed queries are shown in Online Resource 1.

The Rayyan online application (rayyan.ai) was used for
the deduplication process. In the first stage of duplicate
removal, we used a 95% similarity criterion, then dedu-
plication was based on titles, DOI numbers and pages in
the outlet (in the above order and each stage separately).
The deduplication of the remaining part of the articles was
resolved manually. The screening was performed manually
using the Rayyan application. Btazej Lyszczarz and Pawet
Niewiadomski independently (blind mode on) examined
the titles and abstracts of potentially relevant articles.
Disagreements were resolved by discussion between the
two reviewers.

Subsequently, Btazej Lyszczarz and Pawel Niewiadom-
ski reviewed full texts of the relevant studies based on the
eligibility criteria and the systematic review objectives.
We used backward citation tracking (reference lists of
studies eligible for full-text analysis) and forward citation
tracking (publications that cite studies eligible for full-text
analysis, as reported in Google Scholar) to identify other
studies that met the eligibility criteria. The citation track-
ing applied to (1) studies initially included based on data-
base searches and initial screening of titles and abstracts;
(2) studies initially included based on citation tracking
of included studies (3) studies initially included based
on citation tracking of systematic reviews on economic
aspects of COVID-19 identified through database and hand
searching; and (4) studies initially included based on hand
searching of Google, Google Scholar, technical reports
and organisations' websites. Online Resource 1 contains
search queries, a strategy for searching grey literature, the
number of hits per line in the Embase search, a list of
studies included in the final analysis and a list of excluded
studies after full-text analysis, together with the reasons
for their exclusion.

We searched publications from 1 Nov 2019 to 19 Dec
2023.

Table 1 Keywords used for search queries

2.2 Inclusion and Exclusion Criteria

The review included published studies meeting the follow-
ing criteria: secondary, population-level quantitative studies
using all methods that estimate productivity losses result-
ing from the COVID-19 pandemic. We focused primarily
on evidence assessing losses directly attributable to health
problems (mortality and morbidity) but also included losses
arising from indirect pandemic impacts, such as lockdowns
or quarantines. The following studies were excluded: stud-
ies limited to particular sub-populations (e.g., inpatients,
outpatients, and workers) or economic sectors/industries,
qualitative studies, editorials, commentaries, views, opin-
ions, letters, and dissertations. Yet, to account for potential
publication bias [20], we included preprints and unreviewed
publications in our review.

Studies using the value of statistical life (VSL) con-
cept to determine the monetary value of lives lost due to
the pandemic [21, 22] are not eligible for this review. This
is because the VSL is conceptually different from the pro-
ductivity losses methodology and estimates from these two
approaches are incomparable.

The review included studies published in English, Span-
ish, or Polish language.

2.3 Data Extraction

Pawel Niewiadomski designed forms for qualitative and
quantitative data extraction. The forms were pilot-tested by
extracting data from eight randomly selected studies (Btazej
Lyszczarz and Pawet Niewiadomski). Subsequently, several
corrections were made to the forms based on the extraction
process tests.

Eventually, we extracted the following qualitative infor-
mation from eligible studies: first author and publication
year; title; study design; period of analysis; reference year;
geographical settings; country classifications by income
(World Bank) and by region (WHO regional offices); cur-
rency; main data sources; study population; diagnosis;
loss estimation approach; losses categories; discounting;

Keywords for ‘COVID-19’:

covid-19, covid19, covid-2019, covid2019, coronavirus disease 2019, coronavirus disease 19, sars-cov-2, cov 2, cov2, severe acute
respiratory syndrome coronavirus 2, SARS coronavirus 2, 2019-nCoV, 2019nCoV, 2019 novel coronavirus, ncov, novel cov, hCoV-19,

pandemic, postcovid, longcovid, postcoronavirus, postsars
Keywords for ‘productivity losses’:

productivity loss*, productivity lost, productivity cost¥, production loss*, production lost, lost productivity, lost production, labour produc-
tivity, labor productivity, indirect cost*, economic cost*, economic burden, economic loss*, financial loss*, cost of illness, burden of ill-
ness, illness cost*, illness burden, sickness cost*, cost* of sickness, disease cost*, cost* of disease, absenteeism, presenteeism, mortality
burden, morbidity burden, burden of mortality, burden of morbidity, human capital, friction, intangible cost*, caregiv* burden, burden of

caregiv*
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perspective; productivity measure used; results reported;
sensitivity analysis; study limitations; and authors’ conflict
of interest (more details explaining contents of the cat-
egories in Online Resource 2). For the quantitative data,
we extracted raw estimates on the productivity losses for
each study meeting inclusion criteria. Only those studies
reporting sufficiently detailed figures needed for cross-study
comparison were included in the quantitative analysis (see
‘Quality assessment’ sub-section below).

Btazej Lyszczarz and Pawet Niewiadomski extracted
qualitative data from the included studies and each cross-
checked the accuracy of the data extraction made by the
other reviewer. Pawel Niewiadomski performed quantita-
tive data extraction, estimated quantitative figures reported,
and Blazej Lyszczarz cross-checked the data and results
obtained. Completed quality and quantity forms are avail-
able in the Online Resources. The resultant quantitative
form was used for a cross-study comparison of losses using
common currency (International dollar—Int$) and common
year (2020) (for more details on the approach used see the
Sect. 2.5). These estimates, together with formulas for their
calculation, are presented in detail in Online Resource 3 for
each eligible study.

2.4 Quality Assessment

The tool designed by Stunhldreher et al [23], which has
recently been used in a systematic review focusing specifi-
cally on productivity losses [24], was used to assess the qual-
ity of the eligible studies. Two reviewers (Blazej Lyszczarz
and Pawel Niewiadomski) carried out the qualitative assess-
ment independently and any disagreements were resolved by
the third reviewer (Marta Ortega-Ortega). The checklist was
adapted to our study design of interest (population-level set-
tings) and we used the following categories: (1) Study objec-
tive; (2) Disease and diagnostic criteria; (3) Cost descrip-
tion; (4) Currency; (5) Reference year; (6) Perspective; (7)
Cost incorporated from more than one category; (8) Data
source; (9) Valuation of costs; (10) Discounting; (11) Sen-
sitivity analyses; (12) Results discussed with respect to other
studies; (13) Limitations discussed; (14) Conclusion appro-
priate regarding uncertainty of results. For each of the above
criteria, the exclusive assessment choices were (a) yes or (b)
no/not clear. The resulting percentage of positive answers
yielded a quality assessment score for the studies included.

2.5 Approach to Cross-Study Comparison
of Quantitative Results

For the cross-study comparison of productivity losses,

we used the following approach. First, we extracted quan-
titative data from eligible studies and excluded those
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without sufficiently detailed figures. Second, to compare
losses across time and different currencies used, and to
express losses as a share of GDP, we used the International
Monetary Fund’s (IMF) data on inflation rates, purchas-
ing power parities and GDP [25]. For some studies, the
currency used originally was Int$ and in these cases, we
only adjusted for inflation using 2020 as a base year. For
those studies that reported findings in local currencies,
we used the IMF conversion rates to express losses in Int$
and adjusted for inflation as explained above. For some
studies that deal with provincial loss estimation, regional
input data on GDP were obtained from other sources, as
shown in Online Resource 3. Third, to account for the
fact that several studies reported loss estimates for periods
other than full years, in calculating shares of GDP lost, we
used a respective GDP proportion; e.g. an Italian study
[12] analysed the period 21 Feb 2020 to 28 Apr 2020 (68
days), therefore, we used 68/366 share of the country’s
GDP. Fourth, to make results more comparable across
time, we annualised losses reported in original studies.
This involved dividing the loss incurred during a given
period by the duration of that period (expressed in years)
and resulting annualised figures represent the equivalent
yearly losses. Additionally, several studies did not report a
starting period of analysis and, in such cases, we assumed
the day of the first COVID-19 case in the country to be the
starting date of the analysis. Fifth, to allow for more accu-
rate cross-study comparison, we adjusted age categories as
reported in the source studies to three bands, 0-39 years;
40-59 years and 60+ years. This was done by assuming
an equal distribution of losses across all single ages in
particular intervals in source studies, e.g., for an age band
31-45 years reported originally in the study analysed, we
assigned 9/15 of the loss to interval 0-39 years and 6/15
part to interval 40-59 years. All the detailed adjustments
used for the cross-study comparison of losses are shown
in Online Resource 3, separately for each study included.

3 Results
3.1 Searching and Study Selection Results

As a result of the database search, we identified 15,588
records. A total of 9621 records were removed within
the deduplication process. We selected 52 studies for a
full-text assessment. Finally, 22 of these met the eligibil-
ity criteria. Identification of studies through alternative
methods, such as searching grey literature and citation
tracking, resulted in 4188 identified records and, after
the initial screening process, 87 items were selected for
full-text analysis. Based on this stage, 16 articles were
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eligible for inclusion in the review. Eventually, 38 studies
met the inclusion criteria; among the studies identified, we
included two preprints [26, 27] and one unreviewed pub-
lication [28]. Detailed information on the study selection
process is depicted in Figure 1 using a PRISMA diagram.

3.2 Characteristics of Eligible Studies

Table 2 summarises the qualitative characteristics of the
studies included in the analysis. Half of the studies (n = 19)
focus on high-income countries while only two provide esti-
mates from low-income countries. However, some studies
report results for multiple countries [11, 29-31] and, when
these are accounted for, around one-third of unique coun-
try-specific estimates come from high-income and lower-
middle-income states each. Considering the regions of the
WHO, 34% (n = 13) of the articles report findings from
Europe and 21% percent (n = 8) from both the Americas
and South-East Asia. However,, because one study estimated
losses for 54 African countries [29], more than half of sin-
gle estimates are from Africa. The countries analysed in the
highest number of articles were India (n = 8); the USA (n
= 5); Canada, Germany and Italy (n = 3 each). Interest-
ingly, for India, half of the articles focused on single regions,
not the whole country. COVID-19 itself was a focus of 33

included articles, while three studies dealt with either long
COVID or excess all-cause deaths. For 30 studies, the human
capital approach was used to estimate losses, in eight papers
the method was not explicitly mentioned and one study used
the proxy good approach to estimate losses from non-market
activities [11]. Considering the productivity measures used,
61% of articles (n = 23) relied on a GDP-based approach,
39% (n = 15) used income- or earning-based measures and
two articles did not provide details in this respect [28, 32].
The vast majority of studies included in the review estimated
losses resulting from premature mortality (84%; n = 32)
and about a quarter reported on absenteeism costs. Eventu-
ally, more than half of the studies (n = 22) applied sensitiv-
ity analysis to analyse how the results change with model
assumptions/input data variations (Table 2).

3.3 Quality Assessment of Included Studies

Of the 38 studies included in the review, none met all the
14 quality criteria. Two of the studies were assessed as of
the highest quality meeting > 90% of the criteria [27, 33].
For six studies [11, 29, 34-37] the quality score was high
and ranged from 80% to 89%. A majority of included stud-
ies (22 of 38) [12, 13, 26, 31, 38-55] met 70-79% of the
quality criteria. In three studies [32, 56, 57], we identified

Identification of studies via databases and registers

Identification of studies via other methods

)

Records identified from*: Records removed before
c Databases: screening: o
K Mediine via PubMed (n = 2,113) Duplicate records removed Records identified from:
E Web of Science (n = 2,956) via automation tool (n = Websites (n = 894)
& Scopus (n = 3,855) e 9,174) Organisations (n = 878)
E Ea’:‘ﬁ‘(;":é;; 9) Duplicate records removed Citation searching (n = 2416)
=z WHO COVID-19 Research via researcher (n = 447)
Database (n = 3,466)
Europe PMC (n = 372)
— v
Records screened »| Records excluded™
(n =5,967) (n=5,915)
v
o Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval .| Reports not retrieved
§ (n=52) (n=0) (n=88) Tl n=1)
3 v l
Reports assessed for eligibility Reports excluded: Reports assessed for eligibility Reports excluded:
(n=52) »  Conference abstracts (n = 6) (n=87) > "No quantitative evidence
Systematic review (n = 6) reported (n = 3)
Other language (n = 1) No general, population-level
No quantitative evidence data used (n = 10)
reported (n=4) Not outcome of interest (n =
No general, population-level 57)
data used (n = 5) _ Systematic review (n = 1)
v Not outcome of interest (n = 8)
B Studies included in review
3 (n=22)
° Reports of included studies
£ (n=16)
—

Fig. 1 PRISMA (Preferred Reporting Items for Systematic review and Meta-Analysis) flow diagram for the study selection process
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Table2 Summary characteristics of studies included in the system-
atic review (N = 38)

Study characteristic Articles
World Bank classification N =38
High income 19 (50%)
Upper-middle income 10 (26%)
Lower-middle income 12 (32%)
Low-income 2 (5%)
World Health Organization region N=38
Africa 5(13%)
Americas 8 21%)
Eastern Mediterranean 1 (3%)
Europe 13 (34%)
South-East Asia 8 21%)
Western Pacific 5(13%)
Countries/regions N=38
India 8 (21%)
USA 5 (13%)
Canada, Germany, Italy 3 (8%)
China, France, Kenya, Madagascar, Mauritius, South 2 (5%)
Africa, Spain, Sweden, Turkey
66 countries/regions (not listed separately here) 1 3%)
Diagnosis N=38
COVID-19 33 (87%)
Long COVID 3 (8%)
All-cause excess mortality 3 (8%)
Losses estimation approach N=38
Human capital approach 30 (79%)
Proxy good approach 1 (3%)
Not specified/unclear 8 21%)
Productivity measure used N=38
Average income or earnings-based 15 (39%)
Average GDP based 23 (61%)
Not reported 2 (5%)
Loss categories N=38
Premature mortality 32 (84%)
Absenteeism 11 (26%)
Quarantine/lockdown/cases 2 (5%)
Sensitivity analysis for losses estimates N=38
Yes 22 (58%)
No 16 (42%)

For the column ‘Articles’ the percentages in some categories do not
add up to 100% because some studies are counted more than once as
they report estimates from more than one category

a low-quality score of 60-69% and another five studies [28,
30, 58-60] were judged as being the lowest-quality analyses
with a score of < 60%. The quality assessment (broken down
into five sub-categories evaluated) is depicted in Fig. 2 while
the detailed results for each criterion are shown in Online
Resource 4.

A\ Adis

3.4 Cross-Study Comparison of Productivity Losses

We compared findings from eligible studies regarding
productivity losses resulting from the pandemic. Table 3
presents comparative results for eligible studies and the
magnitude of losses for each cost category, expressed
in international dollars and deflated to a common year
(2020Int$). In 33 included studies, we identified 96 separate
estimates for a single country/region.

The highest productivity losses of Int$623 billion
(10.36% of GDP) were identified in a Chinese study ana-
lysing COVID-19 losses from partial lockdown, premature
mortality and cases in the first quarter of 2020 [33]. How-
ever, we shall underline that 99.9% of the losses estimated
in this study were due to partial lockdown; therefore, virtu-
ally the entire economic burden identified here arises not
from the direct health impact of COVID-19, but rather from
the indirect effects of NPIs applied. The other studies that
reported losses of >0.5% of GDP were those from India,
0.58% [36]; Spain, 0.53% [11] (both using the excess mor-
tality approach); four papers by Kirigia et al that used life
expectancy as an upper bound of age in loss estimation in
COVID-19 mortality (Spain, 2.12% [34]; the UK, 0.80%
[40]; Ttaly, 0.96% [46]; and France, 0.54% [47]); and a study
of long COVID costs related to absenteeism in the USA (an
upper range of estimate identified was 0.72% of GDP) [56].
On the other hand, in three countries no losses were identi-
fied and this applies to the excess mortality analysis of Ger-
many until 15 May 2020 [11] and to Eritrea and Seychelles
until 1 Aug 2020 in terms of COVID-19 premature mortal-
ity [29]. In general, 2/3 of 96 single estimates of the share
of GDP lost were below 0.1% of GDP, 17 estimates were
within a range of 0.1-0.2%, four estimates were between
0.2% and 0.3% of GDP and three estimates were between
0.3% and 0.4% of GDP. More than 0.5% of lost GDP was
identified for six studies and two of these estimates were
> 1% of GDP (these figures refer to total losses, not single
cost categories from studies where more than one category
was estimated; for details see Table 3). Per death losses were
the highest in the Spanish study [34], which estimated a
cost of Int$470,798 per death. The respective estimates were
> Int$300,000 in Switzerland [11], China [54], Italy [46],
France [47], Mauritius [29, 52] and Canada [13]. Notably,
all these results, apart from the Swiss and Canadian esti-
mates, were produced using a uniform methodology and
by a team led by the same author. On the other hand, for
several African countries, per death losses were lower than
Int$10,000 [29]. It is clear that per absence case losses were
lower than those in mortality and ranged from Int$76 in
the Indian state of West Bengal [38] to Int$1604 in Canada
[13]. For annualised total productivity losses, the highest
economic burden (apart from the outlier Chinese study of
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Bednar [60]
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Fig. 2 Results of quality assessment of studies included in the review.
Labels for particular studies contain the first author’s name and ref-
erence to the bibliography. In quality assessment, a tool developed
by Stuhldreher et al. [23] was used. The tool consists of 22 items
organised into 5 groups (scope; general economic; calculation of
costs; study design and analysis; and discussion) but only some were
used. Specifically, because this review focuses on population-level
studies solely, we excluded assessment items that are specific to
sample-based settings, i.e., inclusion and exclusion criteria; non-dis-

eased comparison group or disease-specific costs; missing data and
imputation method; statistics appropriate; sample size (subgroup);
demographics (minimum age and sex); arithmetic mean cost; stand-
ard deviations (SDs, errors). In total, 14 of 22 items were used for
assessment. For four papers [32, 37, 56, 58], 13 items were assessed
because discounting was not applicable for these studies (one-year or
shorter time horizon). The detailed results of the quality assessment
are reported in Online Resource 4. Referencing details for labels used
in the figure are shown in Table 3
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lockdown costs [33]) was identified for the USA at Int$157.6
billion in a study of long COVID [56] and Int$73.1 billion of
premature mortality losses [42]. Other studies reporting high
annualised losses were those from Spain [34], the UK [40]
and Italy [46]. Again, all three were reported by the same
leading author who used methods that yielded high losses
also in per-death analysis, as shown in Table 3.

More than half of single-country/region estimates are
from a study of productivity losses resulting from premature
mortality in 54 African countries [29]. Generally, the indi-
rect costs reported therein are relatively low; for most coun-
tries, they are below 0.01% of GDP and reach a maximum
of 0.19% in South Africa. Using a similar methodological

approach, the same author reported losses of >2% of GDP
in Spain [34] and almost 1% in Italy [46] and the UK [40].

For further insight into patterns of productivity losses,
we examined average values of losses in groups of countries
broken down by loss category (Table 4) as well as age- and
sex-specific costs (Tables 5 and 6). We grouped the esti-
mates based on two main loss categories (premature mor-
tality and absenteeism) and whether the countries/regions
of interest are high-income (HICs) or middle- and lower-
income (LMICs).

Regarding average productivity losses by countries/
regions, a clear relationship exists between income level
(proxied by World Bank classification) and productivity
losses experienced from COVID-19 in countries/regions;

Table 4 Average productivity
losses broken down by countries
and loss categories

No. single country/
region estimates

Productivity losses

As % of GDP (SD) In Int$ per 1000

population (SD)
World Bank classification
High-income 28 0.656 (1.953) 69,454 (79,914)
Upper-middle income 15 0.119 (0.123) 13,663 (28,972)
Lower-middle income 30 0.063 (0.111) 4,993 (16,890)
Low-income 23 0.007 (0.008) 101 (271)
World Health Organization region
Africa 51 0.033 (0.064) 3150 (15,474)
Americas 0.301 (0.208) 115,513 (95,227)
Eastern Mediterranean 0.072 (0.083) 22,806 (62,082)
Europe 21 0.323 (0.487) 57,988 (70,998)
South-East Asia 6 0.150 (0.219) 20,646 (35,705)
Western Pacific 2.628 (5.159) 113,674 (218,849)
Losses categories
Premature mortality 91 0.118 (0.275) 21,099 (61,024)
Absenteeism 10 0.143 (0.199) 92,618 (85,866)
Quarantine/lockdown/cases 2 5.237 (7.253) 225,055 (306,686)

Int$ International dollars, GDP gross domestic product, SD standard deviation

Table 5 Age-specific productivity losses for the studies included in the systematic review

Average share of losses in age group in total losses (yr)

All countries

High-income countries

Middle- and lower-income coun-

tries
0-39 (%) 40-59 (%) 60+ (%) 0-39(%) 40-59 (%) 60+ (%) 0-39 (%) 40-59 (%) 60+ (%)
Premature mortality losses 18 42 40 5 29 65 25 49 26
Absenteeism losses 42 50 9 32 50 18 51 49 0*

In total, 24 studies reported age-specific losses [12, 13, 26, 27, 34-36, 38—44, 46-55]

#Only two studies reported age-specific absenteeism losses in ‘Middle- and lower-income countries’ category but did not analyse the older age
category. To normalise age intervals across studies, we assumed an equal distribution of losses across all single ages as defined in particular
intervals in source studies (e.g., for an age band 3145 years reported originally in the study analysed, we assigned 9/15 of the losses to interval
0-39 years and 6/15 to interval 40-59 years). The averages shown are not weighted. Detailed calculations for each study included are shown in

Online Resource 3
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Table 6 Sex-specific
productivity losses for the

Average share of losses in age-group in total losses

studies included in the
systematic review

All countries

Middle- and lower-
income countries

High-income countries

Men (%) Women (%) Men (%) Women (%) Men (%) Women (%)
Premature mortality losses 77 23 77 23 75 25
Absenteeism losses 72 28 54 46 81 19

Seven studies reported sex-specific losses [11, 13, 36, 38, 39, 45, 53]. The averages shown are not
weighted. Detailed calculations for each study included are shown in Online Resource 3

HICs lost 0.656% of GDP on average and this share declined
with each income group to 0.007% lost in low-income
countries (Table 4). The same pattern is evident for losses
expressed in Int$ per 1000 population. The highest aver-
age losses for WHO regions were identified in the Western
Pacific (2.628% of GDP and Int$113,674 per 1000 popula-
tion); however, these high losses were due to an outlier effect
of a Chinese study accounting for enormous lockdown costs
[33]. Substantial average losses of > 0.3% of GDP were
identified for studies analysing data from the Americas and
Europe, while African losses were the lowest. Consider-
ing loss categories, lockdown/quarantine/cases translated
to as much as 5.237% of GDP, but again, this results from
high losses identified in a study from China in which this
category yielded 99.9% of total losses [33]. Interestingly,
losses from absenteeism proved to be higher than the cost
of premature mortality. Generally, variation in all categories
analysed here was substantial with SD values greater than
average values in almost all cases. Based on results from
24 studies, we see that the highest losses were identified
in the middle-aged (40-59 years) category for all countries
combined, both in premature mortality and absenteeism
(42% and 50%, respectively) (Table 5). The picture is more
nuanced though, once we look separately at the two cost cat-
egories distinctly. For mortality in HICs, it was the elderly
category that was much more important in terms of overall
losses; its share was as much as 65% of total losses. On the
other hand, for LMICs countries, the share of losses among
the young (0-39 years) was relatively high (25% of the total
and 5 times higher share than in HICs) and comparable to
the elderly group. For absenteeism loss distribution across
age groups, we see that the share of costs attributable to
work absence of the young is higher than in mortality; in
non-HICs, it is even higher than for the middle-aged.
Considering sex-specific losses, we observed more
homogenous shares of costs attributable to males and
females across income groups and cost categories (Table 6).
Yet, the sex-specific figures are based on results from 7 stud-
ies (14 single estimates) only; thus, caution is required here
when making across-group comparisons. More than 3/4 of
mortality losses resulted from men’s deaths and this was
homogenous across country groups with a slightly higher

share in HICs (77%) than in the remaining countries (75%).
The distribution of losses between sexes for absenteeism
was quite similar; however, costs due to men’s absence were
54% of total losses. As this last share was only available for
a single study [13] results need to be treated with caution.

4 Discussion

This study aimed to systematically review the evidence on
productivity losses due to health burden from the COVID-19
pandemic based on findings from population-level studies.
We identified 38 studies meeting inclusion criteria and based
on requirements regarding data extracted, 33 of the studies
were included in the cross-study quantitative comparison
using universal currency and times settings (2020 Int$).

4.1 Interpretation of Main Review Findings

Of the 96 unique estimates, most identified economy-
level losses of < 0.1% of GDP and used the human capital
approach to estimate losses resulting mostly from COVID-
19 mortality. Of the studies concerned with health problems
associated with COVID-19, the highest productivity losses
were identified in Spain in the very initial phase of the pan-
demic (2.1% of GDP lost until 19 Apr 2020 [34]). On the
other hand, no losses were identified in Germany until 15
May 2020 [11] but this finding relies on an excess mortality
measure, not COVID-19 deaths as was the case in Spain.
Therefore, these two extreme estimates cannot be compared
because of a crucial methodological difference. The high-
est identified productivity losses of > 10% of GDP were
reported in the Chinese study [33] concerned with the cost
of mortality, cases and lockdowns in the 1st quarter of 2020.
Interestingly, 99.9% of the cost in this study resulted from
lockdowns, a cost category that is beyond the core scope
of this review. The remarkable share of this loss category
originates from restrictive non-pharmaceutical interventions
(NPIs) in China in the initial phase of the pandemic [61,
62]. This strategy allowed for a slower spread of infection
there and low COVID-19 mortality [63, 64]. Only one more
study reported losses from lockdown [32]; in Mongolia,
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the share of losses from this cost category was remarkably
high (98%). Yet, in this country, no COVID-19 deaths were
reported in the period analysed. Thus, although evidence is
scarce, NPIs like lockdowns and social distancing measures
might lead to a substantial economic burden of productivity
losses. Nonetheless, more research is needed in other set-
tings, particularly when less restrictive NPIs are in place, to
verify if lockdowns lead to comparable losses. Ultimately,
less stringent policies aimed at mitigating the virus spread
would translate to higher mortality and absenteeism losses
due to greater death/work absence rates [65, 66]. Such a
mechanism might be inferred from a study of absenteeism
losses in three Nordic countries [31]; the burden of losses in
Sweden, where less restrictive NPIs (e.g., no national lock-
downs) were introduced in the first months of the pandemic
[67, 68], proved to be 3—4 times higher (in terms of GDP
share lost) than the respective losses in Iceland and Norway.

Our cross-country comparison of losses identified a clear
income gradient of productivity losses within groups of
countries categorised according to the World Bank’s classi-
fication. High-income countries lost 0.656% of their GDP on
average and this share declined with each consecutive group
towards 0.007% GDP lost in low-income countries. The
explanation behind this pattern appears to result from differ-
ent demographic structures and socio-economic character-
istics of particular country groups. Generally, high-income
countries have older populations than other countries. Since
COVID-19 affects the elderly more than the young [69, 70],
a greater share of the population in rich countries suffers
from health deterioration that leads to productivity losses.
This effect is strengthened by the higher age of exiting the
labour market in high-income countries. Additionally, rela-
tively low losses in less economically developed countries
might result from their large informal economies [71].
This is because losses from the informal economy are not
identifiable in the productivity losses framework that uses
GDP- or income-based approach. Yet, the above reasoning
only partially explains the income gradient and it should
be noted that some lower-income countries (e.g., India) also
experienced a large COVID-19 health burden. In addition,
a systematic review [72] claims that infection fatality rates
from COVID-19 were roughly 2 times higher in developing
countries than in high-income ones.

For age-specific losses, we identified some interesting
patterns that reflect differences across groups of countries
and loss categories. In all countries combined, mortality
losses were similar in the middle-aged group (40-59 years:
42% of total losses) and elderly (60+ years: 40%) catego-
ries. However, in high-income countries, the losses from
mortality in the elderly accounted for 65% of total losses.
This plausibly results from the higher economic activity of
those aged 60+ years in developed countries than in the
developing countries, as discussed above. Interestingly, the
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share of mortality losses among the young (aged 0-39 years)
in developing countries is five times higher than in high-
income countries (25% and 5%) and this perhaps indicates
the difference in health system capabilities across the coun-
tries [73]. Considering absenteeism losses, these are much
more pronounced in the younger population with 42% of
total losses in all the countries. This large share is not sur-
prising as the employment rates are high in this group; addi-
tionally, the young bore a large burden of childcare absen-
teeism during school closures in the initial period of the
pandemic [74]. Considering sex-specific productivity losses,
we note that the cost of COVID-19 in men accounted for
around 3/4 of total losses and this might be explained by
males having greater vulnerability to the virus [75] as well
as their higher employment rates, greater income levels, and
longer periods of economic activity before retirement.

4.2 Methodological Approaches Identified

One of our aims in this review was to overview the methodo-
logical approaches used to estimate productivity losses from
the recent coronavirus pandemic. We focused particularly on
estimation methods, loss categories, and specific diagnoses
analysed.

All studies included in the review that explicitly stated an
approach to cost estimation, used HCA, the most commonly
used method of indirect cost estimation [76]; consequently,
no study used the FCA, neither in a base scenario nor in a
sensitivity analysis. Therefore, caution is needed when ana-
lysing the results of our review as population-level research
utilising the friction cost method is missing. This shortcom-
ing should be kept in mind as the review of the two methods
shows that results based on FCA were even 72 times lower
than those resulting from the use of HCA [9]. Only one
study used the proxy good approach to analyse losses from
non-market activities unproduced due to premature mortal-
ity [11]. Therefore, the scope of estimation methods used
in the studies included is limited and does not allow for a
comprehensive assessment of the phenomenon of interest.

Even though all the eligible studies used HCA, it was
still infeasible to make truthful comparisons between the
estimates. This is because included studies made substan-
tially different assumptions in estimation procedures. For
example, in some studies using GDP as a productivity
measure [34-36, 38, 4042, 52], life expectancy was used
as an upper bound for identifying a population of interest,
while other studies [12, 13, 45, 55, 57] used retirement age
(legal or factual). The former approach might overestimate
losses if it fails to account for the fact that labour participa-
tion and productivity among the elderly decrease with age.
On the other hand, retirement age as a population cut-off
point undervalues losses because it disregards the fact that
some people continue to work once reaching retirement age
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and most deliver unpaid production within social activities.
The above makes cross-study comparisons challenging and
requires caution when interpreting findings.

An interesting finding possibly associated with the use of
life expectancy as a threshold for choosing a population of
interest arises from per-death analysis and annualised loss
analysis. The studies using the life expectancy approach, and
at the same time those from a team led by the same author,
reported virtually the highest costs across all the studies with
comparable settings. Therefore, the overrepresentation of
findings from a single methodological approach and author
team calls for caution when drawing conclusions from this
review.

Overall, losses from premature mortality were the most
investigated cost category in the studies included in the
review. This plausibly results from the fact that COVID-19
was a highly lethal disease from the onset of the pandemic
[77, 78] and mortality data were relatively easily available.
Unsurprisingly, the cross-study comparison revealed quite
substantial differences between the estimates of mortal-
ity costs. Spain experienced a loss of 2.1% of GDP due to
premature COVID-19 mortality [34] while the same meth-
odological approach shows no losses in some African coun-
tries [29] or minor indirect costs in Japan (0.01%) [49] or
Germany (0.05%) [43]. The explanation behind these dif-
ferences results from different death burden across the coun-
tries. Japan experienced much lower COVID-19 mortality
than most Western European countries or the USA [79, 80].
However, this varying magnitude of losses might result from
differences in reporting COVID-19 deaths in particular set-
tings, e.g., divergence in the way deaths are recorded, par-
ticularly in cases where COVID-19 is not the direct cause
of death, but rather a contributing cause of complications
in other diseases [81, 82]. It was also recognised that in
some settings governments were unable to sustain stand-
ards of COVID-19 death reporting (e.g., in some African
countries [83, 84]) and this might bias results downward.
In fact, estimates of premature mortality losses from 54
African countries [29] are relatively low compared to those
studies that report losses from countries characterised by
higher standards of death causes reporting. Moreover, the
studies analysed differ in terms of the periods covered. Most
of the eligible studies (20 of 33 in the quantitative analysis)
refer to 2020, often accounting for only a few months of this
year [12, 52, 55]. Such short periods do not identify losses
that were yet to come with more dynamic virus spread.
An example of this is a zero loss estimate for Germany in
the study of excess mortality losses covering the period of
02 Mar—15 May 2020 [11]. With all these limitations, the
potential of comparing mortality losses between studies, as
we did above, is limited. Therefore, studies using longer time
horizons are needed to draw more accurate conclusions on
cross-country comparisons of productivity losses.

Absenteeism was another loss category investigated in
some studies and resulting losses were substantial in some
settings, ranging from 25% of total losses in an Italian study
[12] to as much as 88% of the burden in the Indian state of
Kerala [39]. Again, these differences might be contextual in
terms of the period covered, territory, cost category defini-
tion, and between-countries reporting differences, similar to
problems explained above in mortality comparisons. Con-
cluding this part of the discussion, it is worth noting that no
study provided evidence on presenteeism losses and only
limited evidence is available on indirect costs resulting from
lockdown and quarantine, possibly due to data constraints.

Considering the definition of health problem (diagnosis),
it is clear that studies analysing COVID-19 dominate the
picture (33 of 38 eligible studies). Yet, we shall discuss the
use of ‘excess’ burden measures in the context of the recent
pandemic. Excess mortality used in three reviewed studies
[11, 36, 60] is an epidemiological measure often consid-
ered a more reliable indicator of the real death burden of
a pandemic. Excess mortality approximates the additional
number of deaths in a period of interest, compared to the
expected number which is usually based on mortality trends
or average values observed in near past periods [82, 85]. The
main benefit of excess mortality lies in the fact that it not
only accounts for fatalities caused directly by SARS-CoV-2
but also for the deaths arising from the pandemic's indirect
effects on health systems operation and societies in general
[2, 86]. One of the studies analysed here [36], apart from
estimating productivity losses from COVID-19 mortality,
calculated the losses from overall (all-cause) excess deaths.
According to these findings from India, the economic bur-
den from excess mortality was more than ten times greater
than losses attributable to COVID-19 deaths. Unfortunately,
the excess mortality measure has its drawbacks and there is
no established gold standard for estimating it [85, 86]. For
example, an important confounding factor that has a nota-
ble impact on the outcome is an adjustment for changing
population age structure or the length of the pre-pandemic
period used for forecasting an expected number of deaths
[85, 87]. Yet, it seems that excess mortality might serve as a
more trustworthy measure than the number of deaths caused
by COVID-19 when evaluating the effects of the pandemic.
Epidemiological literature has already recognized this fact
[2, 81, 87] and we think that applied research on productivity
losses resulting from the pandemic would also benefit from
this approach.

4.3 Limitations of the Study
Before concluding, we shall acknowledge the limitations of
this study. To begin with, there was a large diversity of meth-

odological approaches identified and this calls for caution
in comparing the findings across studies. Next, for most of
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the studies analysed, the period covered in the estimation is
limited to the year 2020 and this precludes us from drawing
long- or even medium-term conclusions on the pandemic’s
economic burden. Also, most studies dealt with COVID-19
mortality, and they rarely accounted for excess mortality—
a more reliable measure of the true pandemic death toll.
Importantly, we were not able to analyse losses broken down
by the wave of the pandemic; such an approach was not
feasible as there are no comparable data on the duration of
particular waves in a large number of countries covered here.
Another limitation is that we could only compare quantita-
tive results across studies to a limited extent. Because esti-
mates from eligible studies are based on population-level
data, no mean values, variances or sample sizes are obtain-
able here; therefore, we could not consider meta-analysis in
our review. Finally, the review was limited to studies pub-
lished in either English, Spanish, or Polish language.

5 Conclusions

This study aimed to summarise evidence on productiv-
ity losses from the COVID-19 pandemic using relatively
homogenous settings of population-level studies. Our intent
was to compare estimates across studies from different
regions in the hope of providing useful and policy-relevant
evidence. We found that losses ranged from 0% to 2.1% of
GDP (with an outlier loss of > 10% of GDP due to the lock-
down in China), but these estimates heavily depended on
the loss categories included and the analysed periods. We
found the highest losses in high-income countries, for those
aged 40-59 years, and that losses among men contributed to
around 3/4 of the total indirect cost. Concluding with these
findings, we note that the available evidence on the topic is
rather limited. This is because eligible studies (1) are con-
centrated in limited time settings (mostly 2020); (2) in most
cases, they do not account for excess health burden (neither
mortality nor morbidity); (3) use the human capital approach
solely; and (4) hardly account for non-market losses. There-
fore, more research is needed to provide a more detailed pic-
ture of productivity losses across countries. Such evidence
is important from a public policy standpoint to identify the
importance of health-related productivity losses as a part of
the overall economic burden of COVID-19. Additionally, it
might be crucial for future pandemic preparedness, particu-
larly for the evaluation of non-pharmaceutical interventions
aimed at limiting virus spread, which work effectively but at
the expense of severe economic losses as (limited) evidence
from this review suggests.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40258-024-00935-8.
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Introduction: Excess mortality attributable to COVID-19 has been extensively
investigated in the public health literature. This study extends the scope of
previous findings by estimating three interrelated measures, excess deaths,
excess Years of Life Lost, and excess Years of Potential Productive Life Lost, in
28 European countries across 2020-2023.

Materials and methods: Using annual sex- and 5-year age-specific mortality
data for 2002-2019, we applied a multiverse modelling strategy combining all
possible baseline windows with four alternative trend specifications. Expected
mortality for 2020-2023 was obtained from the best-performing specification,
derived using model selection criteria, after trimming outlying forecasts. We
define excess mortality burden in terms of three measures: excess deaths,
excess Years of Life Lost (eYLL), and excess Years of Potential Productive Life
Lost (eYPPLL). Excess mortality was estimated by comparing observed and
expected deaths, and was used to obtain eYLL and eYPPLL. Sensitivity analyses
included alternative trend assumptions, time-series forecasts, and varying life-
expectancy and labour market parameters.

Results: We identified a total of 1,540,034 excess deaths, corresponding to
16,695,365 eYLL and 1,997,095 eYPPLL. Central and Eastern Europe bore the
heaviest burden of excess deaths, while the Northern countries were the least
affected by COVID-19 mortality. We identified a relatively high health burden
in the working population, particularly among men and in Central and Eastern
Europe. The male excess in productive life-years lost (eYPPLL) was the strongest
among all three measures, further highlighting mortality burden in younger-
aged men. These results underscore varying labour market vulnerability to the
pandemic across European states.

Conclusion: Our findings underscore marked geographic and sex differences
in excess deaths and life-years lost, with particularly high disparities among the
working-age population. These patterns emphasise the need for strengthening
health systems’ resilience and tailoring post-pandemic recovery efforts to the
most affected populations.
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1 Introduction

Excess mortality attributable to the COVID-19 pandemic is one
of the most extensively researched topics in the recent epidemiological
literature (see systematic reviews) (1, 2). In general, excess mortality
is defined as a residual difference between observed and expected
(baseline) mortality, the latter representing a situation had the
pandemic not occurred (3-8). The concept attracts interest as
COVID-19 mortality statistics have proven to be an unreliable
measure of the true pandemic death toll (9, 10). This results from the
limited capabilities in identifying deaths that were caused directly by
the novel coronavirus, usually leading to an underestimation of
COVID-19 mortality (11, 12). Despite its conceptual attractiveness
and straightforward interpretation, research in excess mortality
estimation encounters challenges. Particularly, methodological
choices significantly affect findings, leading to substantially different
excess mortality estimates across studies. The choices regarding the
mortality measure used, methods and reference periods chosen to
determine baseline mortality, and data time units applied lead to
meaningfully varying estimates (13, 14).

Yet, despite this abundance of excess mortality estimates, there are
still under-researched areas. Particularly, apart from the studies
concerned with the pandemic years 2020-21 (11, 14, 15), available
findings are usually focused on a single country, and limited cross-
country evidence is available to compare the mortality burden across
states recently. Also, most previous research reported on mortality in
all-age populations or wide age groups (e.g., <65 and 65+) (12).
Furthermore, most studies assessed general excess mortality measures
of death counts, rates or z-scores (12, 15) and did not contextualise
this burden to the wider public health and economic context by
providing estimates of years of life or productive life lost.

In this study, we aim to contribute to the literature on excess
mortality associated with COVID-19 by focusing on the above under-
researched areas. Particularly, we estimate the excess mortality burden
in terms of three interrelated measures: excess deaths (eD), excess
Years of Life Lost (€YLL), and excess Years of Potential Productive Life
Lost (eYPPLL). By estimating eYPPLL, we emphasise how the
pandemic eroded the working-age population and labour market
potential. This economic view is important because European
economies were already strained with labour shortages before
COVID-19 (16). Additionally, we provide estimates on 28 European
countries [all the European Union (EU) member states and Norway]
across the period 2020-2023, allowing for cross-country comparisons
both during the pandemic and post-pandemic. Also, in contrast to
previous evidence based on provisional mortality statistics, e.g., (17),
our analysis relies on the final, complete dataset of death counts by
Eurostat. Another value added of this research is relying on
disaggregated (5-year) age-group-specific data, allowing for a more
nuanced picture of the mortality burden. To reduce arbitrariness in
baseline selection, instead of choosing a single reference period, we
analysed all possible baseline windows across several trend
specifications and applied formal model selection criteria to identify
the best-performing forecasting model.

Frontiers in Public Health

Therefore, this study aimed to assess the excess mortality burden
in 28 European countries (EU and Norway) in the period 2020-2023
using sex- and detailed age-specific data from Eurostat. The study
used annual death counts for 2002-2019 and implemented a
multiverse modelling framework across 18 alternative baseline
windows and four alternative trend specifications, trimmed
forecasting outliers, and identified the best-performing specification
using model selection criteria. This final model was then applied
consistently to generate expected mortality for 2020-2023. Excess
deaths were then weighted by remaining life expectancy (LE) to
compute eYLL and country- and sex-specific work periods to compute
eYPPLL. By pairing these two life-year indicators with standard excess
death counts, the study reveals not only the scale of premature
mortality in Europe but also the magnitude of productive life lost,
information essential for understanding post-pandemic labour market
pressures and for designing policies that balance health resilience with
economic sustainability.

2 Materials and methods
2.1 General approach

This study used annual all-cause mortality and population data
from Eurostat (18-20) on 28 European states (27 EU countries and
Norway) to estimate the sex- and 5-year age-group-specific excess
mortality burden during the pandemic and post-pandemic years,
2020-2023. We define excess mortality burden in terms of three
interrelated measures: eD, eYLL, and eYPPLL. Data from the 2002-
2019 period were used to build a set of regression models across
multiple baseline windows and trend specifications, from which the
best-performing specification was selected and subsequently used to
predict expected mortality for 2020-2023. By comparing expected
mortality with observed mortality during the period 2020-2023, we
identified whether excess health burden was present in particular
countries, age and sex groups, and years.

2.2 Definition and measures of excess
mortality burden

We define excess mortality burden as additional negative mortality
effects resulting from the COVID-19 pandemic. The appropriate
approach for assessing the excess mortality burden involves
accounting for both direct and indirect effects of COVID-19. The
former category represents deaths caused by SARS-CoV-2 infection,
while the latter, deaths related to delayed access to treatment, e.g., in
cancer care (21), emergency or routine care (22), or mortality caused
by pandemic-borne increased substance use (23) and suicides (24),
among others.

We use three measures of excess mortality burden. The first is
the number of excess deaths, defined as the difference between the
number of observed deaths and the number of deaths expected
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(based on historical data) in the absence of the pandemic. This
indicator provides a more comprehensive view of the pandemic’s
impact beyond reported COVID-19 deaths (25). The second
measure of eYLL is based on Years of Life Lost, a public health
metric that quantifies the impact of premature mortality by
assigning higher weights to deaths at younger ages. It represents
the total number of years individuals would have lived if they had
not died prematurely (26, 27). Finally, the third measure of eYPPLL
is based on Years of Potential Productive Life Lost, an indicator
focusing on the economic and societal consequences of premature
mortality in the working-age population (28). eYLL and eYPPLL
differ from the usual measures of YLL and YPPLL by using input
data of excess mortality, instead of regular mortality data.

For the three measures of excess mortality burden, we
estimated counts and age-adjusted rates (European standard
population) per 100,000 population in each year, country, and sex.

2.3 Data characteristics and sources

Annual data on population and all-cause deaths were retrieved
from the Eurostat databases (18, 19). COVID-19 deaths data was
also retrieved from Eurostat (cause-specific deaths data) (20).
Based on the available data, we analysed 28 European countries,
including all EU members and Norway. We used country-level data
from the 2002-2023 period, broken down by sex, age, and country.
The Eurostat mortality database provides death counts for every
single age, but due to the small number of cases at young ages in
some (low-populated) countries, we aggregated deaths into 18
5-year age groups (0-4, 5-9,..., 80-84, 85+) (15). Mortality data
from 2002 to 2019 served as the pre-pandemic baseline for
forecasting expected mortality in 2020-2023, using multiple
alternative baseline windows.

For some countries, the Eurostat dataset contained missing
data points. However, the data completeness was satisfactory, with
average population (mortality) data coverage of 99.40% (99.99%),
with the lowest value for Hungary (96.89%). In eight out of nine
cases, missing entries referred to the population data, mainly in
2002-2010 and age 85+. We imputed missing data using
interpolation or applying a trend of the closest age group for which
the data was available (for details, see Supplementary file).

2.4 Excess mortality estimation

There is no gold methodological standard for mortality
predictions, and the choice of method depends on the frequency of
observations (from daily to annual), the number of observations used,
the length of a reference period, and the specific interest of the
research (29). Previous studies proved that estimates can differ
depending on the method and reference period (30).

In this study, we aimed to look at excess mortality in more
granular age groups than most previous studies, which used either
all-age figures combined (31, 32) or wide age intervals, e.g., <65
and 65+ (12) or 0-19, 20-30, 40-64, 65-79, 80+ (33). Our choice
was determined by the fact that, apart from estimating excess
deaths, we aimed to assess eYLL and eYPPLL, requiring more
detailed age-specific data. Unfortunately, this choice comes at the
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expense of a more aggregated time dimension of data used.
Because the weekly death counts for young age groups in
low-populated countries are very low and unstable, we used annual
data. This approach restricts the selection of estimation methods,
as typical seasonal mortality trends are not discernible in annual
data. However, previous studies have shown that the excess
mortality estimates using weekly and annual data are generally
comparable (32, 34).

Among methods applicable to mortality forecasting, we used
Ordinary Least Squares (OLS) regression, consistent with previous
studies on excess mortality (32, 34-36), with mortality rates
(deaths per 100,000 population) regressed on the time variable
(year). We did not include age-structure variables because we
estimated age-group-specific models. Excess mortality estimates
can be sensitive to both the length of the pre-pandemic baseline
and the assumed functional form of the time trend. Therefore, to
avoid arbitrariness, we analysed all possible consecutive baseline
periods ending in the last pre-pandemic year (2019) and estimated
a separate model for each. Additionally, for every sex and age
group, this multiverse baseline procedure was applied across four
alternative model specifications:

o Sl—linear trend with full baseline period 2002-2019;

o S2—linear trend with shorter baseline period 2010-2019;

o S3—linear and quadratic trends with full baseline period
2002-2019;

o S4—linear and quadratic trends with shorter baseline period
2010-2019.

For each specification and baseline window, we forecasted sex-
and age-specific mortality rates for 2020-2023. Because predictions
from very short windows can be unstable, we applied a Tukey
1.5 x IQR (interquartile range) rule to identify outlying forecasts
within each specification and year. Outliers were excluded, and the
remaining forecasts were averaged within each specification to obtain
expected mortality rates for 2020-2023.

To illustrate, under specification S1, for each country, sex and
age-group, we estimated all possible OLS models with baseline
windows 2002-2019, 2003-2019, ..., 2018-2019, and 2019-only,
predicted annual values for 2020-2023, and averaged them while
excluding outliers (>1.5 IQR from median). The same multiverse
procedure was used for S2 to S4 specifications.

Across all countries, sexes and age groups, this procedure yielded
4,032 fitted models (28 countries x 2 sexes x 18 age groups X 4
specifications). To select one forecasting specification to apply
uniformly across all strata, we evaluated S1-S4 using pre-pandemic
goodness-of-fit criteria: Akaike Information Criterion (AIC), Mean
Absolute Error (MAE), and Root Mean Squared Error (RMSE). For
each of the 4,032 cases we recorded which specification achieved the
best value for each metric, and the specification with the highest
overall number of wins across all metrics was selected as the final
forecasting model. This approach provides a transparent, data-driven
basis for model choice and follows principles of multiverse analysis
previously applied in cross-country excess mortality research (30).

Expected deaths for 2020-2023 were derived by multiplying
expected mortality rates by observed population counts (25) and
excess mortality for 2020-2023 was calculated as the difference
between the observed and expected values.
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95% confidence intervals for each model were computed using the
formula:

Ya,e,s,t = Ya,c,s,t T10.975, n—1

z (}’a,c,i,s—m)z (
1

i€{2002,,..,,2019}

(x0-%)°

Lf S (ww

i€{2002,,...,,2019}

>

n—1

where tg 975,115 97.5% point function of t-Student distribution with
n-1 degrees of freedom, . ¢ , ; is predicted value for country c, year
t, age group a and sex s. Aggregated estimates for all ages or both sexes
were obtained by summing age-specific predictions. Confidence
intervals for these aggregated estimates were computed using standard
OLS-based variance formulas under the assumption of independent
age-specific errors.

For aggregated estimates (all countries combined, four regions
and/or years), we used a confidence interval estimation method based
on weighted mean and standard error as widely implemented in meta-
analysis techniques. Namely, each of k countries contributes an
estimate of the effect size Ej,i € {1,,. . .,,k} accompanied by its variance
Var(E,» ) The weight assigned to each country is defined as the inverse

1
of this variance: w; =————. The pooled effect size E,, is then
Var(Ei)
calculated as a weighted average of countries included in the study
k
D Wik
E, =117. The variance of the pooled effect is given by
>k
i=1 1
Var(Em)zT, and the corresponding standard error is

. To construct a confidence interval around the

pooled estimate, one typically uses the normal approximation:

Cl=Ep +Zy/2SE(Em ),

where Z, is the critical value from the standard normal.

2.5 Excess life years lost estimation

As for the eYLL estimation, we relied on our excess deaths
estimates and used the pre-pandemic 2019 life expectancy (37).
Similarly to the population and mortality data used, LE data were
divided into 18 age groups. LE for particular age groups was computed
using the arithmetic mean, e.g., for the group of females aged 20-24,
the average LE was the mean value of LE of women aged from 20 to
24. Next, we determined the number of eYLL by multiplying the
average LE in a specific sex and age group by the excess deaths
observed within that group. The following formula was applied:

2019
eYLL. s = zeDa,c,s,t XLEg c,s

a
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where a—5-year age group; c—country; s—sex; t—year (2020-2023);
eD, . ,—country-, age-group- and sex-specific excess deaths in a year
t; LEazf)cl,?—country—, age-group- and sex-specific remaining life
expectancy in 2019.

To quantify eYPPLL, we first derived sex-specific work-period
length for each country (WP, ). This was done by subtracting the sex-
and country-specific average age of starting a first regular job
(EntryAge.,) (38) from the sex- and country-specific effective age of
labour market exit (ExitAge.) (39).

WP, = ExitAge. ; — EntryAge, ¢

EntryAge., was derived from the EU Statistics on Income and
Living Conditions (EU-SILC) survey conducted among member
states’ populations (survey item PL190: “When began first regular
job”). For ExitAge ., we used European Commission data on the
Cohort Simulation Model's cumulated exit probabilities for the
reference age group 51-74 for the year 2023 [Tables I1.1.46 & I1.1.47
in (39)].

Next, for each country ¢, sex s, and calendar year t, we calculated
eYPPLL assuming that a death at a particular age group occurs at the
mid-point age (MP, ), e.g., at the age of 32 for the group 30-34, and
summed years lost across the working age (aged 20-64) population
(age groups <20 are excluded by definition). Therefore, the following
formula was applied:

+
eYPPLL. ;i = . eDacsy (WP, s —MP, ()
a=20-64

where (x)* = max(0,x) ensures that deaths occurring at or above the
retirement age add zero productive years lost.

2.6 Sensitivity analysis

We evaluated the robustness of excess mortality estimates to
alternative trend specifications (S1-S4; deviations of the final
specification from the remaining three) and alternative forecasting
approaches. For the latter, we applied two commonly used time-series
models, Autoregressive Integrated Moving Average (ARIMA) and
exponential smoothing (ETS) (40) and compared their forecasts with
those from the final OLS specification.

For ARIMA and ETS, we selected the most appropriate
specification based on systematic model searches using
AIC. Specifically, for the ARIMA model we evaluated all
combinations of ARIMA(p,d,q) withp=0,1,2,d=0,1 and q=0,1,2,
and chose the model with the lowest AIC. For the ETS, we considered
variants without trend, with additive and multiplicative trend
components, and with the damping parameter controlling trend
flattening (40). Again, the ETS model with the lowest AIC
was chosen.

For eYLL, we examined robustness to alternative life expectancy
assumption—projected LE in 2050 (data from the United Nations
World Population Prospects 2024) (37) following Martinez et al. (27).
For eYPPLL, we examined robustness to alternative definitions of
productive lifespan by replacing country- and sex-specific labour-
market entry and exit ages with a fixed working life span from ages
20 to 64.
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2.7 Software

All analyses, data pre-processing and visualisations were carried
outin R (v. 4.4.1) using RStudio (v. 2024.09) and Python (3.11.6) with
libraries pandas (2.2.3), numpy (2.2.1) and statsmodels (0.14.4).

3 Results

3.1 Evaluation of baseline trend
specifications

To identify the forecasting model to be applied uniformly across
all countries, sexes, and age groups, we compared the performance of
the four candidate specifications (S1-S4) using three goodness-of-fit
metrics (AIC, MAE and RMSE) computed on pre-pandemic data. In
total, 4,032 models (28 countries x 2 sexes x 18 age groups x 4
specifications) were evaluated.

Across all comparisons, the short-baseline linear model (S2)
achieved the best performance. For AIC, S2 obtained 3,057 wins,
followed by S4 (975), while S1 and S3 had no wins. For MAE, S2
achieved 1,332 wins, again outperforming S4 (920), S1 (71) and S3
(55). For RMSE, S2 achieved 1,290 wins, followed by S4 (865), with S3
(36) and S1 (28) far behind. Summed across all three metrics, S2
received 5,679 wins, more than double the next-best specification (S4:
2760 wins). Based on these results, S2 was selected as the final
forecasting model. This specification corresponds to a linear trend
fitted over the 2010-2019 baseline window multiverse, combined with
outlier trimming and averaging as described in Section 2.4. This
model, therefore, served as the basis for generating expected mortality
for 2020-2023 in all subsequent analyses.

3.2 Excess deaths and excess mortality
rates

We identified a total of 1,540,034 excess deaths (eD; Table 1) in the
28 European countries across 2020-2023. This burden was unequally
distributed over time, with the highest figure estimated for 2021
(562,798 eD), followed by 2020 (451,869), 2022 (421,595), and 2023
(103,771). The highest number of eD across the whole period was
identified in Central and Eastern Europe (CEE; 524,399; 34.1% of all).
In Southern Europe (SE), we identified 506,309 eD (32.9%), in
Western Europe (WE)—425,769 eD (27.6%) and in Northern Europe
(NE)—383,557 eD (5.4%). The countries with the highest burden of eD
were Italy (266,462; 17.3% of all), Poland (213,041; 13.8%), Germany
(164,382; 10.7%), France (156,840; 10.2%) and Spain (136,756; 8.9%).
Men accounted for 54.8% (844,449) of all eD, but this share varied
across countries, with less than half of male eD in Cyprus (42.7%),
Ireland (44.1%), Lithuania (43.7%), Malta (46.2%), and Portugal
(41.9%); and >60% in Germany (63.9%), Greece (61.4%), Norway
(60.6%) and Sweden (66.2%).

The age-standardised excess mortality rate per 100,000 population
(eM_R) across all countries and the whole period was 87 (CI: 84-91);
for men, it was 127 (CI: 123-132) and for women, 61 (CI: 58-63). It
was 2021 when eM_Rs were the highest (126; CI: 119-133), followed
by 2020 (86; CI: 80-91), 2022 (85; CI: 77-93), and 2023 (21; CI:
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12-30). For all years, the eM_Rs were higher among men than women
(Supplementary Table S1).

CEE experienced the highest excess mortality; for all years
combined, eM_R was 190 (CI: 182-198) there, and it was more than
double the level of SE states (84; CI: 78-91), and more than triple of
rates in WE (58; CI: 52-64) and NE (54; CI: 47-62) countries
(Supplementary Table S1). As for the time distribution of eM_R, CEE
countries experienced the highest burden in 2020-2022, but in 2023,
these countries had negative eM_Rs. For individual countries, the
highest four-year eM_R was observed in Bulgaria (257; CI: 239-274),
Romania (209; CI: 188-230), and Slovakia (201; CI: 173-229), and the
lowest in Denmark (13; CI: —10-37), Luxembourg (24; CI: —3-50),
and Norway (26; CI: 7-45). For sex-specific eM_Rs, the country
ranking was not much different, with CEE and three Baltic states
(Lithuania, Latvia, and Estonia) having the highest eM_Rs, and
Northern and Western countries experiencing the lowest values of this
measure (Supplementary Table S1).

For particular years, 2021 shows the greatest eM_Rs, with
Bulgaria, Slovakia, and Romania exhibiting the highest values in both
sexes (Figure 1; detailed data in Supplementary Table S1). However,
for some countries, we observed eM_Rs to be higher in 2022 than in
2021, and this was true for Austria, Belgium, Denmark, Finland,
France, Germany, Italy, Norway, and Spain, among others. In 2023,
some of the countries that were most burdened in previous years had
shown reduced (negative excess) mortality, and these were Bulgaria,
Lithuania, Hungary and Romania. Additionally, Greece (men), as well
as Finland and the Netherlands (both sexes), all of which were mildly
affected in previous years, experienced a relatively high excess
mortality burden in 2023.

3.3 Excess years of life lost

1,540,034 excess deaths translated to a total of 16,695,365 excess
years of life lost (eYLL; Table 2). Time distribution of eYLL reflects
excess death patterns, with the highest share of eYLL in 2021 (41.0%)
and the lowest in 2023 (7.7%). Analogously to eD, the region most
burdened in terms of eYLL was CEE, with 5.8 million eYLL (34.6% of
total); a large share of the total eYLL in this region resulted from
higher excess mortality in younger age groups. For Southern and
Western countries, the respective eYLL (% of total) were 5.1 million
(30.8%) and 4.8 million (28.5%). The countries with the highest eYLL
were Italy (2.7 million; 16.1%), Poland (2.4 million; 14.4% of all),
Germany (2.0 million; 12.0%), France (1.6 million; 9.7%), and Spain
(1.5 million; 8.9%). Men accounted for 58.0% (9.7 million) of all eYLL,
with the highest shares for this measure identified in Sweden (76.8%),
Austria (65.7%) and Germany (64.4%).

The age-standardised excess years of life lost per 100,000
population (eYLL_R) for all years and countries combined was 974
(CI: 922-1,026) and was higher in men (1,304; CI: 1,239-1,369) than
in women (695; CI: 657-734; Supplementary Table S2). Clearly, time
variation in this measure reflects what we observed in excess mortality,
with 2021 being the most burdening year (for both sexes combined:
eYLL_R =1,581; CI: 1,482-1,681), and 2023 with the lowest rate of
years lost (254; ClI: 114-393). For all years, the eYLL_R was higher
among men than women (Supplementary Table S2). In 2021, the
eYLL_R was as much as 4,405 (CI: 4,176-4,634) in CEE (5,638; CI:
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TABLE 1 Excess deaths in 28 European countries in 2020-2023.
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Country 2020 2021 2022 2023
Males Females Males Females Males Females WEIES Females
82,451 61,296 157,689 139,615 49,756 45,769 —5,999 —6,178 524,399
CEE (68,001; (48,621; (140,7005 (124,685; (29,885; (27,9963 (—29,473; (—27,272; (383,143;
96,902) 73,970) 174,679) 154,546) 69,627) 63,541) 17,476) 14,915) 665,655)
21,606 5,782 -2,953 —3,766 60,936
9,744 (9,038 | 6,571 (5,322; 19,632 (18,145; 4,319 (2,584;
Bulgaria (20,653; (4,562; (—4,447; (5,772 (50,085;
10,451) 7,820) 21,120) 6,053)
22,559) 7,002) —1,459) —1,759) 71,787)
16,383 4,596 52,003
8,710 (6,714; | 7,086 (5,518; 11,322 (9,451; 3,961 (1,698 | 606 (—2,347; | —661 (—3,387;
Czechia (14,143; (2,038; (33,828;
10,706) 8,654) 13,194) 6,225) 3,558) 2,064)
18,623) 7,154) 70,178)
13,455 3,498 -93 39,109
4,921 (3,301; | 4,999 (3,689; 11,151 (9,594; 2,509 (650; —1,331
Hungary (11,435; (1,014; (~3,106; (23,081;
6,541) 6,309) 12,708) 4,368) (—3,495; 834)
15,475) 5,983) 2,920) 55,137)
35,548 58,024 20,376 —690 213,041
26,495 (22,065; 51,960 (46,600; 20,578 (13,917; 748 (—7,262;
Poland (29,864; (51,380; (12,592; (—9,886; (159,269
30,925) 57,321) 27,239) 8,759)
41,233) 64,667) 28,160) 8,507) 266,812)
20,928 38,220 12,219 —3,291 127,384
13,851 (10,650; 36,396 (32,807; 11,014 (6,995; —1,952
Romania (17,632; (34,393; (7,909; (~8,325; (95,400;
17,052) 39,985) 15,033) (~6,661; 2,757)
24,223) 42,047) 16,528) 1,743) 159,368)
10,002 3,285 31,927
2,600 (1,452; | 2,293 (1,377; 9,154 (8,090; 3,388 (2,154; | 422 (—1,363; 783 (—695;
Slovakia (8,695; (1,770; (21,480;
3,748) 3,210) 10,219) 4,623) 2,207) 2,260)
11,308) 4,799) 42,374)
13,274 14,757 7,976 83,557
8,245 (656; 5,702 (724; 13,179 (6,883; 15,265 (7,207; 5,160 (—4,866;
NE (4,310; (4,077; (—4,712; (14,280;
15,833) 10,680) 19,474) 23,322) 15,186)
22,237) 25,437) 20,664) 152,834)
—61 4,695
—312(-1,324; | 644 (=770; 685 (—536; 1,329 (—447; 605 (—1,575; | 310 (—1,487;
Denmark (~1,183; 1,494 (15 2,988) (=7,321;
701) 2,059) 1,906) 3,105) 2,785) 2,107)
1,062) 16,711)
161 (—205; 125 (—175; 1,524 (1,088 1,551 (1,183; 1,010 (487; 912 (463; 475 (—151; 5,846 (2,235;
Estonia 88 (—455; 632)
527) 424) 1,960) 1,919) 1,533) 1,360) 1,101) 9,456)
3,603
473 (—613; 240 (—345; 1,377 (143; 1,041 (325; 3,756 (2,854; | 3,025 (1,354; | 2,546 (1,443; 16,063 (7,322;
Finland (2,161;
1,560) 825) 2,612) 1,758) 4,658) 4,695) 3,650) 24,803)
5,045)
Ieland 172 (=617; 305 (—288; 1,076 (168; 897 (204; 896 (—179; 1,422 (580; 828 (—446; 1,138 (102; 6,735 (—475;
relan
961) 897) 1,985) 1,589) 1,971) 2,265) 2,103) 2,174) 13,946)
1,881
419 (—30; 3,269 (2,754; | 3,663 (3,122; 1,679 (1,009; 870 (142; 141 (—681; 12,466 (7,701;
Latvia 542 (113; 972) (1,272;
868) 3,784) 4,204) 2,350) 1,598) 964) 17,231)
2,491)
—622
2,889 (1,707; | 2,272 (1,576; | 3,706 (2,278; | 5,102 (4,226; 1,653 (0 2,941 (1,786; —486 (—1,932; | 17,455 (7,084;
Lithuania (—2,558;
4,071) 2,967) 5,133) 5,977) 3,306) 4,097) 961) 27,826)
1,314)
1,418 13,435
4223 (2,694; | 2,859 (1,948; 1,330 (—471; = —185(—1,488; = 1,916 (=276; = 1,239 (=578; 634 (—1,750;
Sweden (—1,248; (-1,169;
5,751) 3,771) 3,131) 1,118) 4,109) 3,055) 3,019)
4,084) 28,039)
-33 2,468 6,863
—329 (=781; 347 (—880; 425 (—153; 1,821 (1,092, | 1,377 (—=230; 787 (—105;
Norway (=1,097; (1,058; (—1,096;
123) 1,574) 1,004) 2,549) 2,984) 1,679)
1,032) 3,877) 14,821)
(Continued)

Frontiers in Public Health

06

frontiersin.org



Niewiadomski et al.

TABLE 1 (Continued)
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Country 2020 2021 2022 2023
Males Females Males Females Females WEIES Females
96,568 91,486 71,990 56,516 69,511 73,778 24,851 21,610 506,309
SE (75,0753 (75,864; (47,2405 (37,2625 (40,701; (49,778; (—8,770; (=7,553; (309,597;
118,061) 107,107) 96,740) 75,771) 98,321) 97,777) 58,471) 50,772) 703,020)
2,852 22,802
2,448 (1,616; | 2,323 (1,625; | 5702 (4,757; | 5,361 (4,529 3,257 (2,226; 728 (—577; 131 (—1,128;
Croatia (1,745; (14,793;
3,279) 3,021) 6,648) 6,193) 4,288) 2,033) 1,390)
3,960) 30,812)
1,145
1(=153; 351 (106; 247 (—=92; —109 (=553; —38 (—413;
Cyprus 30 (—127; 188) 300 (76; 524) 363 (66; 660) (—1,090;
154) 595) 586) 334) 337)
3,380)
10,040 9,304 42,500
2,951 (1,076; 2,681 (888; 7,858 (5,454; 6,243 (3,234; 3,808 (687; | —386 (—4,068;
Greece (7,709; (6,633; (21,614;
4,826) 4,474) 10,262) 9,253) 6,929) 3,296)
12,372) 11,975) 63,386)
51,458 33,682 35,883 16,603 266,462
45,470 (39,528; 27,719 (20,449; 39,423 (30,501; 16,224 (5,554;
Ttaly (41,0163 (22,094; (22,682; (1,587; (183,410;
51,413) 34,989) 48,346) 26,894)
61,900) 45,270) 49,084) 31,619) 349,514)
166 (58; 93 (—64; 141 (=72 24 (-252; 917 (—439;
Malta 97 (—2; 196) 178 (45; 310) 123 (—40; 286) 95 (—113; 303)
274) 251) 354) 299) 2,272)
28,717
4,046 (2,113; | 5,151 (3,428; | 4,659 (2,422; | 4,937 (2,948; 3,019 (391; 5179 (2,872; | 311(=2,798; | 1,415 (—1,224;
Portugal (10,151;
5,980) 6,873) 6,896) 6,926) 5,647) 7,485) 3,421) 4,055)
47,284)
Soven 1,385 (935; 1,708 (1,416; 1,387 (822; 896 (521; 616 (—74; 757 (291; 313 (=521; —54 (—635; 7,009 (2,755;
ovenia
1,834) 1,999) 1,952) 1,272) 1,307) 1,224) 1,148) 527) 11,263)
34,113 34,025 (29,107; 16,075 9,267 (3,240; 17,449 18,432 (10,629; 3,173 4,222 (—5,526; 136,756
Spain (28,413; 38,943) (9,394; 15,295) (9,489; 26,235) (—6,342; 13,970) (78,404;
39,814) 22,757) 25,408) 12,688) 195,108)
WE 61,780 44,343 72,774 37,762 82,357 70,404 36,470 19,880 425,769
(35,981; (26,375; (43,5623 (14,905; (48,485; (41,880; (—2,758; (—14,662; (193,768;
87,578) 62,310) 101,985) 60,619) 116,230) 98,928) 75,699) 54,422) 657,770)
Austria 3,821 (2,471; | 2,994 (2,079; | 4,150 (2,560; | 2,543 (1,265; 4,227 3,324 (1,786; 2,586 (345; 1,024 (=793; 24,670
5,171) 3,909) 5,741) 3,821) (2,326; 4,862) 4,827) 2,841) (12,040;
6,128) 37,301)
Belgium 8,402 (6,180; = 8,614 (7,282; | 3,637 (1,244; = 379 (—1,119; 3,867 4,226 (2,475; 1,623 1,576 (—473; 32,324
10,625) 9,946) 6,030) 1,876) (1,202; 5,976) (~1,379 3,625) (15,4113
6,533) 4,626) 49,237)
France 26,884 21,531 (17,878; 25,681 15,852 (11,248; 27,048 25,100 (19,444; 8,156 6,588 (—178; 156,840
(18,911; 25,184) (16,928; 20,457) (17,195; 30,755) (-3,014; 13,354) (98,413;
34,857) 34,433) 36,900) 19,326) 215,267)
Germany 14,442 6,263 (—4,172; 30,269 13,645 (422; 41,159 32,439 (15,972; | 19,121 (699; 7,043 164,382
(2,896; 16,698) (16,907; 26,868) (25,430; 48,906) 37,544) (—13,001; (45,154;
25,989) 43,630) 56,889) 27,087) 283,611)
Luxembourg 128 (15; 88 (12; 164) 13 (—165; 32(—83;147) | —82(=332; | 14(—144;172) | —213(=542; 23 (—181;228) 4(—1,422;
242) 191) 169) 117) 1,430)
Netherlands 8,101 (5,509; | 4,853 (3,296; | 9,024 (6,088; | 5,310 (3,172; 6,138 5301 (2,347; | 5,196 (1,133; 3,625 (—36; 47,548
10,694) 6,410) 11,960) 7,449) (2,664; 8,256) 9,258) 7,286) (24,172;
9,612) 70,924)
Total 249,043 202,826 315,726 247,072 216,381 205,214 63,299 40,472 1,540,034
(179,713; (151,584; (235,811; (183,735; (123,148; (126,861; (—45,712; (—54,352; (900,788;
318,374) 254,068) 395,642) 310,409) 309,614) 283,568) 172,310) 135,295) 2,179,279)

Each cell contains a point estimate and a 95% confidence interval in brackets. CEE, Central and Eastern Europe; NE, Northern Europe; SE, Southern Europe; WE, Western Europe. Bold font
represents total values for countries within each of four European regions.
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2020 males

eM_R
Negative
5-17
17 - 38

eM_R

8-27
27 - 57
57 - 92
92-119
119 -177
177 - 326
326 - 348
348 - 393
393 - 470
470 - 516
516 - 545
545 - 754
NA

eM_R

Negative
39 - 49
49 - 68
68 - 81
81 -101
101 - 117
117 - 125
125 - 143
143 - 170
170 - 184
184 - 216
216 - 228
228 - 270
NA

2023 males

112-118
NA

FIGURE 1

2020 females

2023 females

135 - 147
NA

Negative
4-6

6-10
10-12
12-15
8 15-19
19 - 21
21-28
28 - 31
31-36
36 - 52
52 - 65
NA

Age-standardised excess mortality rate per 100,000 population in 28 countries in 2020-2023. Detailed results with confidence intervals are available in
Supplementary Table S1. EM_R—age-standardised excess mortality rate per 100,000 population. Each map uses its own colour scale because the

magnitude of excess mortality varies substantially across years (e.g., 2021 shows much higher values than 2023) and sexes.
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TABLE 2 Excess years of life lost (eYLL) in 28 European countries in 2020-2023.

10.3389/fpubh.2025.1720864

Country 2020 2021 2022 2023
Males Females EIES Females [EIES Females EIES Females
911,235 641,146 1,941,524 1,642,874 516,908 390,851 —154,047 —115,478 5,775,013
CEE (673,217; (476,576 (1,660,305; (1,446,125; (185,616; (154,067; (—543,296; (—395,276; (3,657,334;
1,149,253) 805,717) 2,222,744) 1,839,622) 848,200) 627,636) 235,202) 164,319) 7,892,692)
107,311 79,594 244,134 233,996 51,099 49,788 —31,066 —30,083 704,773
Bulgaria (95,426; (65,220; (228,161; (215,537; (30,5605 (27,364; (—56,456; (—56,767; (549,045;
119,195) 93,968) 260,107) 252,456) 71,637) 72,213) —5,676) —3,399) 860,500)
81,400 56,619 196,392 132,134 48,871 4,031 —12,580 541,638
34,772 (3,883;
Czechia (51,022; (35,187; (161,628; (106,605; (8,329; 65.662) (—43,315; (—49,924; (273,413
111,778) 78,051) 231,156) 157,664) 89,413) ’ 51,376) 24,764) 809,863)
56,445 55,624 189,094 159,940 38,376 —3,706 -930 541,616
46,773 (364;
Hungary (24,131; (35,093; (150,156 (136,022; 93,182) (10,003; (—58,603; (—33,9305 (263,235;
88,759) 76,156) 228,032) 183,858) ’ 66,750) 51,192) 32,069) 819,998)
417,993 268,902 744,081 591,318 248,994 191,660 —38,984 —12,256 2,411,708
Poland (321,630 (208,164; (632,683; (518,570 (119,423; (102,892; (—190,534; (—117,029; (1,595,799;
514,357) 329,640) 855,479) 664,066) 378,564) 280,428) 112,567) 92,517) 3,227,617)
221,244 158,240 433,656 415,851 81,202 —88,103 —61,036 1,212,488
51,434 (2,232;
Romania (171,853; (122,330; (374,087; (373,918; (11,0763 100,637) (—169,975; (—118,368; (767,152;
270,634) 194,151) 493,225) 457,784) 151,328) ’ —6,231) —3,704) 1,657,824)
22,166 134,168 109,635 39,970 3,781 1,407 362,790
26,842 (9,155; 24,820 (7,694;
Slovakia (10,582; (113,591; (95,475 (15,864; (—24,413; (—19,257; (208,690,
44,530) 41,947)
33,751) 154,745) 123,795) 64,076) 31,975) 22,072) 516,890)
101,589 49,915 184,058 145,073 187,427 149,418 130,408 66,456 1,014,344
NE (—24,852; (—28,957; (35,192; (45,325; (11,208; (23,193; (—77,814; (—89,708; (—106,412;
228,030) 128,787) 332,925) 244,820) 363,646) 275,643) 338,631) 222,619) 2,135,100)
—2,009 —437 2,675 10,311 12,192 18,828 7,503 6,987 56,052
Denmark (—19,818; (—15,933; (—19,252; (—8,453; (—14,495; (—4,127; (—24,404; (—20,6305 (—127,113;
15,801) 15,060) 24,602) 29,075) 38,880) 41,784) 39,409) 34,605) 239,217)
3,308 20,332 15,439 9,711 76,163
1,324 (-3,374; 15,517 (9,333; 8,138 (259; 2,393 (—7,487;
Estonia (-3,781; (12,0805 (5,683; (—1,864; (10,848;
6,023) 21,701) 16,016) 12,272)
10,398) 28,583) 25,196) 21,287) 141,477)
12,366 15,502 36,350 32,626 32,568 160,931
353 (—8,599; 8,010 (—3,330; 23,156 (5,292;
Finland (=5,997; (—6,086; (10,8553 (18,152; (2,711; (12,999;
9,305) 19,350) 41,019)
30,729) 37,089) 61,846) 47,100) 62,425) 308,863)
5,133 15,363 12,257 11,221 99,775
6,262 (—2,822; | 18,550 (3,467; 13,513 (1,789; 17,475 (2,506;
Ireland (=7,781; (—2,644; (—9,429; (-7,891; (—22,805;
15,346) 33,633) 25,236) 32,445)
18,048) 33,369) 33,944) 30,333) 222,355)
3,520 44,265 37,437 29,279 17,623 1,096 151,472
2,707 (—3,673; 15,545 (4,852;
Latvia (—4,386; (34,742; (29,000 (17,595; (3,376; (12,162 (69,342;
9,087) 26,239)
11,427) 53,789) 45,874) 40,962) 31,871) 14,354) 233,603)
39,761 25,161 59,660 57,689 30,956 31,637 10,053 1,465 256,382
Lithuania (17,494; (13,9165 (34,367; (44,234; (2,200 (15,059; (—23,2205 (—18,508; (85,5425
62,028) 36,406) 84,952) 71,144) 59,711) 48,215) 43,327) 21,438) 427,221)
40,278 21,827 —604 22,912 8,245 20,431 7,254 137,362
17,018 (2,798;
Sweden (16,983; 31239) (—5,399; (—19,452; (—9,477; (—16,729; (—18,090; (—24,515; (—73,881;
63,574) ’ 49,052) 18,245) 55,301) 33,220) 58,951) 39,023) 348,605)
=770 —2,474 1,248 24,936 20,261 12,884 76,207
3,200 (7,796 16,923 (3,221;
Norway (—17,565; (—11,269; (—18,728; (1,491; (—6,893; (—3,807; (—61,345;
14,195) 30,624)
16,025) 6,321) 21,224) 48,380) 47,415) 29,575) 213,759)
(Continued)
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TABLE 2 (Continued)
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Country 2020 2021 2022 2023
Females Females Females WEIES Females
967,482 756,703 884,969 632,882 702,554 636,074 311,372 250,435 5,142,471
SE (664,7665 (562,021; (538,897; (399,884; (302,974; (355,762; (=151,167; (—85,075; (2,588,062;
1,270,198) 951,385) 1,231,041) 865,881) 1,102,134) 916,386) 773,912) 585,945) 7,696,881)
21,100 21,180 55,928 54,019 23,233 6,064 205,645
23,344 (9,674; 776 (—15,992;
Croatia (10,029; (12,583; (42,574; (43,212; (6,771; (~13,797; (95,0555
37,014) 17,545)
32,171) 29,777) 69,283) 64,826) 39,695) 25,925) 316,235)
1,884 114 16,620
364 (-2,201; 788 (—1,465 | 5073 (1,037 | 5,196 (1,905; 3,697 (—786; —268 (=5,955;
Cyprus (—3,713; (=7,393; (—18,570;
2,929) 3,041) 9,109) 8,487) 8,180) 5,418)
7,481) 7,165) 51,811)
119,995 93,279 63,227 61,685 7,967 10,905 411,050
26,309 (4,722; | 27,684 (7,822;
Greece (91,819; (67,509 (29,330; (30,335; (—32,409; (—27,088; (172,040;
47,896) 47,546)
148,170) 119,050) 97,124) 93,034) 48,343) 48,898) 650,061)
515,535 359,428 418,210 299,649 363,239 322,070 227,001 178,243 2,683,375
Ttaly (379,669; (285,229; (269,636; (212,296; (195,867; (217,464; (38,442; (54,7705 (1,653,373;
651,401) 433,627) 566,783) 387,003) 530,611) 426,675) 415,560) 301,717) 3,713,378)
1,638 2,744 —1,742 4,936
2,381 (377; | —361(—2,267; 848 (—2,081; —506 (—4,010; = —67 (—5,802;
Malta (—1,439; (-1,377 (—6,855; (—23,455;
4,385) 1,545) 3,778) 2,997) 5,668)
4,715) 6,865) 3,371) 33,326)
45,358 40,190 52,703 42,828 34,734 10,037 6,029 269,687
37,808 (5,968;
Portugal (16,896; (18,005; (19,189; (16,141; (—4,836; 69.645) (~36,716; (—31,420; (3,227;
73,821) 62,375) 86,216) 69,515) 74,303) ’ 56,790) 43,479) 536,148)
7,053 3,226 —1,135 64,121
11,165 (3,888; | 11,293 (6,954; = 16,272 (7,086; 9,330 (3,594; 6,917 (—223;
Slovenia (—4,088; (=10,072; (—10,182; (—3,044;
18,443) 15,631) 25,457) 15,066) 14,058)
18,194) 16,524) 7,912) 131,286)
345,268 296,502 215,150 127,732 206,441 181,059 57,258 57,627 1,487,037
Spain (251,386; (235,160; (108,994; (57,309 (85,019; (97,340; (—83,420; (—42,352; (709,437;
439,151) 357,844) 321,306) 198,155) 327,862) 264,779) 197,935) 157,605) 2,264,637)
WE 580,079 313,954 940,423 465,206 962,596 699,725 515,623 285,931 4,763,537
(184,957; (75,2705 (492,082; (171,042; (445,058; (339,770; (—81,551; (—147,082; (1,479,546;
975,200) 552,638) 1,388,763) 759,371) 1,480,133) 1,059,681) 1,112,798) 718,943) 8,047,527)
Austria 36,171 22,629 (8,679; 57,023 27,788 (9,490; 48,392 30,443 (7,759; 34,240 11,121 267,808
(12,565; 36,580) (29,032; 46,086) (15,001; 53,127) (5,309 (—16,467; (60,750;
59,776) 85,015) 81,784) 73,789) 38,709) 474,866)
Belgium 79,530 62,703 52,332 15,527 46,549 37,198 18,983 12,634 325,456
(44,047; (43,498; (13,337; (—6,915; (2,845; (10,680; (=30,218; (—18,581; (58,693;
115,014) 81,907) 91,326) 37,969) 90,253) 63,716) 68,184) 43,849) 592,219)
France 244,891 158,912 311,061 163,019 317,805 232,973 120,225 65,269 1,614,157
(108,131; (102,682; (157,729; (91,894; (143,383; (145,313; (=77,950; (—39,838; (631,344;
381,651) 215,143) 464,394) 234,145) 492,227) 320,633) 318,400) 170,377) 2,596,970)
Germany 136,447 28,755 414,719 190,361 471,077 340,249 272,903 155,998 2,010,509
(—23,263; (—96,342; (232,389; (39,031; (259,526; (156,994; (26,900; (—64,131; (531,105;
296,156) 153,852) 597,049) 341,691) 682,628) 523,504) 518,905) 376,127) 3,489,913)
Luxembourg 383 (~1,939; 734 (—880; ~1,117 568 (—1,977; —1,260 —661 (—4,271; —4,158 215 (—4,512; —5,296
2,705) 2,348) (—4,888; 3,113) (—6,496; 2,949) (~11,016; 4,942) (—35,979;
2,654) 3,976) 2,701) 25,388)
Netherlands 82,657 40,220 106,404 67,943 80,033 59,522 73,430 40,694 550,903
(45,4163 (17,633; (64,483; (39,519; (30,799; (23,293; (16,042; (—3,553; (233,633;
119,898) 62,807) 148,325) 96,367) 129,267) 95,751) 130,818) 84,940) 868,173)
(Continued)
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TABLE 2 (Continued)

Country 2020 2021 2022 2023
WEES Females WEIES Females Males Females EIES Females
Total 2,560,384 1,761,718 3,950,974 2,886,035 2,369,484 1,876,068 803,357 487,343 16,695,365
(1,498,088; (1,084,910; (2,726,476; (2,062,376; (944,856; (872,791; (—853,828; (=717,140; (7,618,529;
3,622,680) 2,438,526) 5,175,472) 3,709,694) 3,794,113) 2,879,345) 2,460,542) 1,691,827) 25,772,200)

Each cell contains a point estimate and a 95% confidence interval in brackets. CEE, Central and Eastern Europe; NE, Northern Europe; SE, Southern Europe; WE, Western Europe. Bold font
represents total values for countries within each of four European regions.

5,362-5,913 in men and 3,456; CI: 3,279-3,634 in women) and only The age-standardised excess years of potential productive life lost
782 (CI: 549-1,015) in NE. In 2023, the measure was negative in CEE ~ per 100,000 population (eYPPLL_R) for all years and countries
(Supplementary Table S2). combined was 181 (CI: 166-197) and was more than double in men

For individual countries, the highest four-year eYLL_R was  (252; CI: 231-273) than in women (102; CL 93-112;
observed in Bulgaria (2,930; CI: 2,672-3,188), Lithuania (2,394; CI: Supplementary Table S3). The measure of productive life lost was the
1,699-3,089) and Slovakia (2,055; CI: 1,695-2,414), and the lowestin  highest in 2021 (324; CI: 294-354, both sexes combined), reflecting
Luxembourg (56; CI: —447-558), Denmark (168; CI: —192-527),and this year’s greatest mortality surge. Similarly to excess deaths and
Norway (255; CI: —58-568). For sex-specific eYLL_Rs, Bulgaria ~ eYLL_R measures, eYPPLL_R was the lowest in 2023 (82; CI: 39-126),
experienced the highest four-year burden in both men (3,720; CI:  less than half its highest value in 2021.
3,456-3,983) and women (2,366; CI: 2,125-2,607). Most of the highest For regional comparison of productive life lost, we note that CEE
year-specific eYLL_Rs were observed in 2021 and all of these referred ~ countries had the highest values of eYPPLL_R in 2020-2022 (Figure 3;
to CEE or three Baltic states (Latvia, Lithuania, Estonia); yet, these ~ Supplementary Table S3), and this was similar to the other two
countries contributed with the highest eYLL_Rs also in other years, = measures discussed above. However, in 2023, this region was the least
e.g., Bulgaria, Lithuania, Poland and Romania in 2020; and Estonia, ~ burdened, with reduced, but non-significant, rates of excess productive
Lithuania, Latvia and Slovakia in 2022 (Figure 2;  years lost. For particular countries, the highest four-year eYPPLL_R
Supplementary Table S2). Most of these countries had lower or even ~ was observed in Lithuania (956; CI: 566-1,347), Bulgaria (783; CI:
negative rates of years lost in 2023, but Estonia and Latvia remained ~ 704-863), and Latvia (610; CI: 382-839), and the lowest in
the ones with the high burden also in the last year. Interestingly, for =~ Luxembourg (—34; CI: —176-108), Sweden (7; CI: —62-77), and
women in Sweden, eYLL_R was higher in 2023 than in 2022,  Norway (54; CI: —48-155).
exhibiting a delayed effect of the pandemic on years of life lost. In For sex-specific eYPPLL_Rs, the four-year rate of excess
contrast, for the last year analysed, we note significantly decreased  productive years lost was the highest in Lithuania, both among men
eYLL R compared to a hypothetical non-pandemic scenario in  (1,427; CI: 794-2,059) and women (513; CI: 356-669). The burden of
Bulgaria and Romania (both sexes), Malta and Czechia (women),and  productive life lost in excess was skewed towards CEE and three Baltic
Luxembourg (men). states (Estonia, Latvia, and Lithuania), even more than in the other

two measures.

3.4 Excess years of potential productive life
lost 3.5 Age-specific excess mortality burden

Among the working-age Europeans (20-64 years old), excess An age gradient was evident across all three excess mortality
mortality resulted in 1,997,095 eYPPLL (Table 3), 12.0% of total eYLL, = measures, with excess mortality identified primarily in age groups
highlighting the predominant impact of the pandemic on mortality =~ >60 years (the results in this sub-section refer to all countries
among those aged 65+. As for the time distribution of eYPPLL, we  combined). This trend was universal in eD for all 5-year age groups
observe a higher share of the burden in 2023 (10.8% of total) thanin  above 60 and both sexes in 2020-2022 (Supplementary Table S4).
eYLL (7.7%) and excess deaths (6.7%). Therefore, for the last year ~ In 2023, the trend continued with some exceptions; for both sexes
analysed, we identified relatively more deaths among the working-age ~ aged 60-64, we identified negative eD. Additionally, a reduced
Europeans. As much as 41.0% of the total eYPPLL were identifiedin ~ mortality was identified in the youngest age groups (0-4, 5-9, and
CEE, highlighting high mortality in the young-aged, while this share =~ 10-14), mainly in the first pandemic year. In all age groups but the
was 27.6% in WE and 22.7% in SE. The countries experiencing the  eldest (85+), men account for a majority of eD. In all countries
highest eYPPLL were Poland (376,571 years lost; 18.9% of total),  combined, 31.8% of eD were among those aged 85+, with a notable
Germany (285,718; 14.3%), Italy (193,036; 9.7%), Spain (163,827;  variation between sexes (24.8% in males and 40.4% in females). On
8.2%), and France (144,116; 7.2%). Males accounted for 75.6% of total ~ the other hand, 12.2% of eD were identified in those below 65 years;
eYPPLL (1,509,928 years lost) in all countries combined, with the  this share was 16.4% for men and 7.1% for women
highest shares identified in Portugal (97.3%) and Estonia (90.8%). For ~ (Supplementary Table S5).
several countries (e.g., Finland, Sweden, Austria), we identified For eYLL, the age groups with the most years lost were 65-69 and
negative eYPPLL among females in all years combined; therefore, the ~ 75-79, not 85 + as in excess deaths. Again, years lost due to male
respective males’ share of >100% cannot be interpreted analogously to  mortality dominated, apart from those aged >80, where eYLL was
countries experiencing positive values for both sexes. higher in women (Supplementary Table S6). Across all countries,
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2020 males

2020 females

eYLL_R eYLL_R
Negative Negative
1019? 213 466? 181
213 - 333 181 - 275
333 - 565 275 - 385
565 - 906 385 - 444
906 - 1,044 444 - 523
1,044 - 1,261 523 - 851
1,261 - 1,462 851 - 955
1,462 - 1,621 955 - 1,013
1,621 - 1,818 1,013 - 1,368
1,818 - 2,766 1,368 - 1,471
2,766 - 3,305 1,471 - 1,832
NA NA
2021 females
eYLL_R eYLL_R
Negative Negative
81-114 121 - 239
114 - 692 239 - 414
692 - 1,029 414 - 601
1,029 - 1,604 601 - 771
1,604 - 2,212 771 - 1,160
2,212 - 3,024 1,160 - 1,404
3,024 - 3,639 1,404 - 1,830
3,639 - 4,313 1,830 - 2,231
4,313 - 4,820 2,231 - 2,896
4,820 - 5,488 2,896 - 3,189
5,488 - 6,058 3,189 - 3,877
6,058 - 7,618 3,877 - 5,569
NA NA
2022 males
eYLL R eYLL_R
Negative Negative
451 - 456 27 467
456 - 582
467 - 516
582 - 696
516 - 594
696 - 928
594 - 644
928 - 1,064
644 - 688
1,064 - 1,165
688 - 789
1,165 - 1,353
1,353 - 1,681 789 - 906
1,681 - 1,934 906 - 958
’ ’ 958 - 1,108
1,934 - 2,358
1,108 - 1,201
2,358 - 2,651 1,201 - 1,798
2,651 - 3,513 NA ’
NA

2023 males

FIGURE 2

2023 females

eYLL R
Negative
6-21

Age-standardised excess years of life lost per 100,000 population in 28 countries in 2020-2023. Detailed results with confidence intervals are available
in Supplementary Table S2. eYLL_R—age-standardised excess years of life lost rate per 100,000 population. Each map uses its own colour scale
because the magnitude of excess years of life lost varies substantially across years (e.g., 2021 shows much higher values than 2023) and sexes.
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TABLE 3 Excess years of potential productive life lost (eYPPLL) in 28 European countries in 2020-2023.

10.3389/fpubh.2025.1720864

Country 2021 2022
Females Males Females Males Females Females
139,044 49,468 363,232 149,174 104,687 —22,484 —2,439 818,288
37,606 (6,710;
CEE (74,327; (29,442; (286,328; (124,120; (14,540; J (—128,235; (—39,590; (367,643;
203,760) 69,493) 440,136) 174,228) 194,835) ’ 83,267) 34,712) 1,268,933)
19,225 46,234 3,272 —9,020 90,573
7,307 (6,128; 23,089 (21,126; 3,936 (1,204; —3,469
Bulgaria (16,460; (42,1355 (—2,249; (—16,070; (61,7225
8,485) 25,051) 6,668) (=7,012; 74)
21,991) 50,333) 8,793) —1,971) 119,423)
23,463 10,949 7,089 61,863
5,581 (89; 3,034 (1,083; 10,432 (7,874; 2,627 (—628; -1,312
Czechia (16,997; (3,074; (—2,352; (20,697;
11,073) 4,985) 12,990) 5,881) (—5,441; 2,817)
29,929) 18,824) 16,530) 103,028)
9,519 45,057 12,473 2,063 104,742
5,084 (477; 22,063 (16,687; 5,110 (—1,169; 3,372 (—3,913;
Hungary (=2,977; (30,591; (—3,934; (—16,494; (19,268;
9,690) 27,439) 11,388) 10,657)
22,016) 59,523) 28,880) 20,621) 190,215)
73,614 150,640 62,226 —4,435 376,571
18,679 (12,042; 45,915 (38,140; 22,870 (13,691; 7,063 (—3,612;
Poland (44,743; (118,119; (25,321; (—47,157; (201,288;
25,315) 53,690) 32,049) 17,739)
102,485) 183,161) 99,130) 38,286) 551,855)
29,662 75,571 7,889 —20,839 143,222
15,382 (11,0865 40,303 (34,805; 2,745 (—4,227; —7,490
Romania (18,505; (60,939; (=9,922; (—42,203; (53,072;
19,677) 45,801) 9,718) (~15,910; 929)
40,820) 90,202) 25,699) 525) 233,371)
1,442 22,267 7,879 2,658 41,318
—17 (—1,374; 7,374 (5,489; 318 (=2,161; —603 (—3,702;
Slovakia (—2,493; (17,547; (2,249; (—3,959; (11,5965
1,340) 9,258) 2,797) 2,496)
5,376) 26,987) 13,509) 9,276) 71,040)
20,678 2,593 41,306 14,555 40,438 9,841 37,204 6,005 172,620
NE (—11,376; (—10,637; (3,336 (—2,985; (—4,677; (—12,683; (—16,344; (—22,195; (=77,561;
52,731) 15,824) 79,275) 32,096) 85,553) 32,365) 90,752) 34,206) 422,802)
1,023 —87 3,328 2,558 10,464
654 (—1,797; 1,223 (—1,895; 1,006 (—2,900; 759 (—4,044;
Denmark (=3,072; (—4,881; (=2,355; (—4,103; (—25,048;
3,105) 4,341) 4,913) 5,562)
5,117) 4,707) 9,012) 9,219) 45,976)
6,076
2,064 (=748; | —215(=926; | 4,948 (1,803; 1,039 (=8; 644 (—748; 5,777 (1,578; 442 (=1,375 | 20,775 (2,034;
Estonia (2,459;
4,877) 495) 8,093) 2,086) 2,037) 9,976) 2,260) 39,516)
9,692)
2,402 3,659 9,390
4,060 (255 | —626 (—1,843; = 129 (—4,729; = —689 (=2,358; 655 (—1,556; —200 (—2,997;
Finland (=3,541; (—3,490; (—20,260;
7,865) 591) 4,987) 981) 2,867) 2,596)
8,345) 10,808) 39,039)
3,031 17,623
2,740 (—129; 753 (—664; 4,560 (1,278; = 1,311 (=896; 1,299 (~1,780; | 3,985 (—600; —57 (—4,184;
Ireland (—838; (—7,814;
5,609) 2,171) 7,843) 3,517) 4,378) 8,571) 4,071)
6,899) 43,059)
-380 13,296 11,564 37,827
—545 (—1,551; 4,040 (2,587; 1,758 (—167; 8,584 (2,947; | —490 (—2,936;
Latvia (—2,984; (9,851; (7,095; (14,842;
461) 5,493) 3,683) 14,222) 1,955)
2,224) 16,741) 16,034) 60,812)
10,784 18,134 9,504 6,556
2,936 (675; 7,673 (5,093; 5,237 (2,232; 2,374 (=1,144; | 63,197 (9,224;
Lithuania (1,703; (8,213; (-1,521; (—6,026;
5,197) 10,253) 8,242) 5,891) 117,171)
19,865) 28,056) 20,529) 19,137)
1,842 1,797 1,936 2,233
381 (—3,315 | —968 (—3,336; —357 (—3,456; —-2,675 276 (—4,551;
Sweden (—2,834; (—4,053; (—5,280; (—33,4305
4,078) 1,401) 2,742) (—6,604; 1,255) 5,104)
6,518) 7,648) 9,151) 37,896)
-1,517 2,736 4,150 11,112
6 (—3,085; 604 (—1,194; 316 (=2,052; 1,915 (—1,159; 2,902 (—964;
Norway (=5,364; (-1,922; (~1,368; (=17,109;
3,097) 2,403) 2,684) 4,989) 6,767)
2,330) 7,394) 9,669) 39,333)
(Continued)
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TABLE 3 (Continued)

10.3389/fpubh.2025.1720864

Country 2021 2023
Females Males Females Females Males Females
76,269 114,790 44,940 83,097 32,016 57,410 14,785 454,329
31,022 (8,791;
SE (19,7753 5.253) (49,6665 (17,342; (8,089; (=1,675; (—28,765; (—25,871; (47,3505
53,25
132,764) ’ 179,914) 72,538) 158,105) 65,708) 143,585) 55,440) 861,307)
1,815 —420 13,763
325 (—1,805; 655 (—252; 6,273 (3,618; | 4,004 (2,707; 767 (—934; 343 (—1,769;
Croatia (—1,554; (—4,549; (—4,538;
2,455) 1,563) 8,928) 5,301) 2,468) 2,455)
5,184) 3,710) 32,064)
272 4,634
387 (—188; 1,607 (669; 832 (226; 300 (—531; 706 (—1,013; 106 (-972;
Cyprus 425 (7; 843) (—1,046; (—2,847;
962) 2,544) 1,438) 1,131) 2,425) 1,183)
1,589) 12,115)
18,807 3,692 —4,223 34,118
805 (—3,325; | 3,087 (1,231; 8,261 (5,885; 2,578 (—=391; 1,111 (=2,532;
Greece (13,224; (—3,252; (=12,592; (-1,752;
4,934) 4,944) 10,637) 5,547) 4,754)
24,390) 10,636) 4,146) 69,988)
26,970 45,210 35,002 34,224 10,258 193,036
9,884 (2,446; 18,015 (8,783; 13,472 (2,057;
Italy (9,197; (25,947; (13,634; (10,488; (—3,592; (68,960;
17,323) 27,247) 24,886)
44,744) 64,473) 56,370) 57,961) 24,109) 317,112)
Ml 677 (203; —248 (—558; 514 (—272; —395(—880; = 860 (—268; = —392(—1,074; = 197 (-1,413; = —605(—1,517; = 608 (=5,779;
alta
1,152) 62) 1,299) 90) 1,987) 289) 1,806) 308) 6,995)
10,544 9,312 6,966 36,851
1,024 (-1,324; = 9,028 (609; | 1,857 (—1,549; —163 (—4,708; -1,716
Portugal (3,233; (—439; (—4,361; (—16,042;
3,371) 17,446) 5,263) 4,381) (~7,504; 4,072)
17,854) 19,063) 18,294) 89,745)
1,142 7,492
652 (—950; 1,800 (—329; 613 (—273; 1,315 (128; 488 (—2,696; 837 (—667;
Slovenia 645 (39; 1,250) (—1,496; (—6,244;
2,254) 3,929) 1,498) 2,503) 3,672) 2,342)
3,780) 21,228)
35,909 15,549 (7,201; | 31,552 11,753 (2,442; | 31,003 14,140 (3,777; 19,470 4,450 (=7,316; | 163,827
Spain (13,409; 23,897) (6,199; 21,063) (2,510 24,504) (—12,630; 16,217) (15,592;
58,409) 56,904) 59,496) 51,570) 312,061)
WE 55,815 3,465 139,954 32,292 149,810 44,673 108,678 17,172 551,858
(—23,004; (—28,039; (50,804; (—5,633; (48,671; (-1,071; (—6,5965 (—37,620; (—2,489;
134,634) 34,969) 229,105) 70,216) 250,950) 90,416) 223,952) 71,964) 1,106,206)
Austria 1,559 —770 (=2,435; 9,339 (3,824; —166(—2,642; | 7,059 (627; = —29 (=3,351; 5,641 28 (—4,232; 22,662
(—3,135; 896) 14,855) 2,309) 13,491) 3,294) (—1,940; 4,288) (—13,284;
6,253) 13,222) 58,609)
Belgium 5978 (—28; | 1,247 (—1,918; | 6,699 (=225 = 4,092 (355; 7,307 3,166 (—1,222; 3,610 2,471 (=2,717; | 34,570
11,984) 4,412) 13,623) 7,829) (=601; 7,555) (~5,372; 7,658) (=11,727;
15,214) 12,591) 80,867)
France 15,257 1,801 (=6,117; | 35,866 1,618 (=8,557; | 45,919 9,389 (—3,368; = 32,848 1,419 144,116
(~12,160; 9,718) (4,312; 11,793) (9,728; 22,146) (—8,266; (—14,037; (—38,465;
42,674) 67,420) 82,110) 73,962) 16,875) 326,698)
Germany 25,716 —587 75,637 17,789 (2,294; | 77,944 24,046 (6,013; 56,368 (8,607; = 8,806 285,718
(—9,387; (—14,241; (37,244; 33,284) (35,559; 42,078) 104,128) (—12,422; (53,667;
60,818) 13,068) 114,031) 120,329) 30,033) 517,770)
Luxembourg —198 (—647; | 37(—2915366) = —294 285 (—231; -238 —8(=729;712) = —339 —37 (-987; -793
250) (~1,006; 801) (—1,250; (~1,675;998) | 912) (—6,816;
417) 775) 5,230)
Netherlands 7,503 (2,353; | 1,736 (=3,037; | 12,707 8,674 (3,148; 11,819 8,109 (1,585; 10,550 (2,050; = 4,485 (—3,227; | 65,584
12,654) 6,509) (6,655; 14,200) (4,608; 14,632) 19,050) 12,197) (14,136
18,758) 19,031) 117,032)
(Continued)
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TABLE 3 (Continued)

10.3389/fpubh.2025.1720864

Country 2021
Females Males Females
Total 291,806 86,548 (—443; 659,282 240,961
(59,723; 173,539) (390,134; (132,844;
523,889) 928,430) 349,078)

2022 2023

[WETES Females Males Females

378,032 124,135 180,808 35,523 1,997,095

(66,622; (—8,720; (—179,940; (—125,277; (334,943;

689,443) 256,990) 541,556) 196,323) 3,659,247)

Each cell contains a point estimate and a 95% confidence interval in brackets. CEE, Central and Eastern Europe; NE, Northern Europe; SE, Southern Europe; WE, Western Europe. Bold font

represents total values for countries within each of four European regions.

42.3% of total eYLL were among those aged 75 + (34.8% in males and
52.8% in females; Supplementary Table S7). For the non-old
population (aged <60), the share of total eYLL was 23.8% and was
higher in males (29.6%) than in females (15.9%). Generally, the share
of eYLL from the deaths of those aged <60 increased with time in both
men (2020: 20.0%; 2023: 44.7%) and women (2020: 9.8%; 2023: 14.1%).

As for working-age population losses, the most burdened age
groups were 40-44, 45-49, and 50-54 (Supplementary Table S8), with
those aged <45 and 45 + contributing around 42 and 58% of all
eYPPLL across all the countries and years, respectively. Similarly to
years lost in the general population, we note a time-increasing share
of losses in the younger sub-population (aged <45); in 2020, this group
contributed 31.2% of total eYPPLL in males and 31.8% in females,
while in 2023, the respective shares were 64.4% in males and 80.9% in
females (Supplementary Table S9).

3.6 Comparison of excess and COVID-19
deaths

Figures 4, 5 compare the number of excess deaths with the
number of deaths due to COVID-19 in five-year age groups. We note
notable differences among countries in comparing the two mortality
measures. For countries as Belgium, Czechia, France, Ireland, or
Spain, the COVID-19 deaths constitute a notable proportion of excess
deaths (particularly in the older population), while in other territories
as Finland, Portugal, Romania or Slovakia, the share of fatalities with
a COVID-19 diagnosis assigned was very low. Additionally, the
comparison shows that in some countries and age groups, particularly
among the youngest (0-4, 5-9, 10-14, 15-19), the COVID-19
pandemic had a protective effect, reflected in reduced mortality. For
example, in Sweden, we observed reduced deaths in the age groups
20-24, 25-29, 30-34 and 35-39.

3.7 Results of sensitivity analysis

To assess the robustness of expected mortality rate estimates, we
compared the final specification (S2: short-baseline linear trend) with
three alternative OLS (S1, S3, S4) and two time-series specifications
(ARIMA and ETS), summarising absolute percentage deviations in
age groups (Supplementary Table S10). Deviations for S1, S3, ARIMA
and ETS were generally modest, with median differences around
3-5%. In contrast, the short-baseline quadratic model (S4) showed
systematically larger discrepancies and substantially wider IQRs. As
expected, deviations were greatest in age groups with very low
mortality, where small absolute differences translate into large
proportional changes.
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A consistent age gradient emerged; in the 0-24 group, median
deviations ranged from 8 to 13% for the linear and time-series models
but exceeded 23% for S4. In working ages (25-64), deviations were
considerably smaller, with S4 again showing the largest divergence
(median 7.2%). At older ages (65+), all models remained close to the
baseline, indicating stable forecasts where death counts are higher.
Overall, these patterns show that quadratic specifications, especially
$4, are prone to instability in low-mortality groups, while linear and
time-series models remain close to the chosen baseline.

For life-years metrics, projected 2050 LE increased total eYLL by
15.5%, with proportionally larger rises in CEE and smaller changes in
SE. These shifts affected magnitudes but did not alter the regional
ranking of excess life-years lost. For eYPPLL, restricting productive
ages to 20-64 changed results only marginally (+2.2% overall), with
most of the
(Supplementary Table S11). Both sets of metrics, therefore, remain

countries remaining within +10% baseline

qualitatively stable across alternative assumptions.

4 Discussion

Our analysis of 28 European countries revealed 1.54 million
excess deaths (eD), 16.7 million excess years of life lost (eYLL), and
2.0 million excess years of potential productive life lost (eéYPPLL)
between 2020 and 2023. The highest standardised excess mortality
rates were observed in Central and Eastern Europe, particularly in
Bulgaria, Romania, Slovakia, Poland, Lithuania and Latvia, while the
lowest were in the Nordic countries (Norway and Denmark). In
general, men experienced a higher excess mortality burden than
women, and this difference was more pronounced in eYLL and
eYPPLL, highlighting a higher mortality burden in younger-aged
men. These findings are consistent with those reported elsewhere,
regardless of the estimation method and data sources used (15,
17, 41-42).

The analysis by Pizzato et al. (17) showed a similar number of eD
between 2020 and 2023. In absolute terms, the countries most
burdened by excess mortality in our study align with those identified
in (17) (Italy, Poland, Germany, France and Spain in the same order
in both studies). Our estimate of eYLL is akin to the 16.8 million
person-years of life lost (PYLL) reported for 18 European countries
(41); however, although the results are very similar, they are not
directly comparable because of differences in geographical scope (28
vs. 18 countries), methodology (all ages vs. population aged 35 and
over, and forecasting approach), and the inclusion of the full year
2023. To benchmark our estimates further, Supplementary Table S12
compares our excess deaths with several influential multi-country
studies, covering three reference periods: 2020 only, 2020-2021, and
2020-2023. For the most comparable interval, 2020-2021, our
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2020 males 2020 females
b b eYPPLL_R
Slegauve Negative
2-10
16 - 28
28-73 10-23
23- 41
73 -104 41-47
104 - 164 47 -57
154 - 175
175 - 271 57-94
94 -107
271 - 356
107 - 160
356 - 424 160 - 173
424 - 514
173 - 266
514 - 663
LR 2%
940 - 1,314 7y
NA
2021 females
eYPPLL_R eYPPLL_R
Negative Negative
3-67 9-53
67 - 249 53 - 101
249 - 338 101 - 134
338 - 383 134 - 174
383 - 616 174 - 247
616 - 709 247 - 298
709 - 1,292 298 - 357
1,292 - 1,364 357 - 444
1,364 - 1,509 444 - 698
1,509 - 2,200 698 - 766
2,200 - 2,337 766 - 867
2,337 - 2,467 867 - 1,190
NA NA
oYPPLL R eYPPLL_R
E2. Negative
Negative o
68 - 148
19 - 56
148 - 175
56 - 66
175 - 200
66 - 76
200 - 228
76 - 89
228 - 258
89 - 106
258 - 329 e 1oi
329 - 425
131 - 172
425 - 565
172 - 206
565 - 1,143
1,143 -1,513 206 - 226
1,513 - 2,104 226 - 299
e 299 - 603
NA
2023 males 2023 females
eYPPLL_R eYPPLL_R
Negative Negative
43 52 poow
52-68 8-11
68 - 117 11-33
117 - 137 33-49
137 - 177 49 - 59
177 - 201 59 - 65
201 - 212 65 - 77
212-254 77 - 101
254 - 275 101 - 116
275 - 789 116 - 159
789 - 1,378 159 - 190
1,378 - 1,525 190 - 252
NA NA

FIGURE 3

Age-standardised excess years of potential productive life lost per 100,000 working population in 28 countries in 2020-2023. Detailed results with
confidence intervals are available in Supplementary Table S3. eYPPLL_R—age-standardised excess years of potential productive life lost rate per
100,000 population. Each map uses its own colour scale because the magnitude of excess years of potential productive life lost varies substantially
across years (e.g., 2021 shows much higher values than 2023) and sexes.
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Comparison of excess deaths (eD) and COVID-19 deaths across 5-year age groups, part 1/2. The figure uses two separate scales; the left one for the
younger (0—39 years) and the right one for the older (40-85+). This figure illustrates age-specific differences in cumulative excess mortality and

COVID-19 mortality over the entire 2020-2023 period. Annual variations and early/late pandemic differences are only exhibited for excess mortality in

Figures 1-3 and Tables 1-3.
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Comparison of excess deaths (eD) and COVID-19 deaths across 5-year age groups, part 2/2. The figure uses two separate scales; the left one for the
younger (0—39 years) and the right one for the older (40-85+). This figure illustrates age-specific differences in cumulative excess mortality and
COVID-19 mortality over the entire 2020-2023 period. Annual variations and early/late pandemic differences are only exhibited for excess mortality in

Figures 1-3 and Tables 1-3.
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findings are broadly consistent with those reported by others, with
notable differences concentrated in a few countries such as Denmark,
Norway, and Sweden, where small absolute changes in mortality and
differing baseline specifications can lead to appreciable variation
across studies. Our estimate for Germany in 2020-2021 (64,619 eD)
is also lower than several published estimates, which range 88-203
thousand eD (Supplementary Table S12). However, our figure aligns
with the age-adjusted estimate of Levitt et al. (14), who reported
54,740 eD for the same period. In contrast, their unadjusted estimate
was 128,557 deaths, underscoring that age composition plays a
substantial role in excess mortality calculations. The close
correspondence between our 5-year age-group modelling framework
and the age-adjusted results of Levitt et al. supports the validity of our
age-structured approach. Therefore, the greatest divergence across
studies was identified for countries with small populations or low
excess mortality (e.g., Denmark, Norway, Sweden, Luxembourg,
Malta), where even minor differences in baseline specification or age
adjustment can generate large discrepancies. In contrast, estimates
were much more consistent for large countries such as Italy, France,
Poland, and Spain, reinforcing the stability of excess mortality
calculations at larger scales.

Among Europeans of working age (20-64 years), the total eYPPLL
was 1,997,095, representing 12.0% of the total eYLL, highlighting the
significant impact of the pandemic on mortality among those aged 65
and older. We found no studies evaluating the years of potential
productive life lost due to excess mortality in the working population
caused by COVID-19. This emphasises the importance of our study
in understanding COVID-19’s effects on working-age individuals.

The higher excess mortality among men aligns with the findings
of Beegle et al. (44), which showed that in high-income countries, men
died on average 2.2 times more often in 2020 and 1.8 times in 2021;
yet, the magnitude of the variation depended on age structure and
comorbidity burden. Other studies also support this unfavourable
tendency in men (12, 41-43, 45, 46). An additional interesting finding
from (44) is that the average male-to-female mortality ratio was higher
for eD than for expected all-cause deaths in both 2020 and 2021. Our
data suggest that this pattern extends beyond the number of deaths;
specifically, the number of eD in men is 21.4% higher than in women,
the number of eYLL in men is 38.1% higher, and the number of
eYPPLL in men is 209.9% higher. This means that more men died at
younger ages, and the difference was particularly strong at working
ages. Possible explanations include biological differences (such as
immune response), a higher prevalence of risk factors (smoking,
alcohol intake and chronic diseases), and greater occupational
exposure (47-52). However, as pointed out previously (46), differences
in excess mortality between males and females are not unique to the
COVID-19 pandemic but are characteristic of any excess mortality.

The greatest losses were identified in the age groups 80-84 and
85 + for eD, 65-69 and 75-79 for eYLL, and 45-49 and 50-54 for
eYPPLL. Compared to (41), our study shows notable differences in
how years of life lost are distributed; in our analysis, 42.3% of total
eYLL was in the 75 + age group, while the younger population (under
60) accounted for 23.8%, which sharply contrasts with the 30% of total
years of life lost in the 65-80 age group and 60% in those aged 80 and
older in (41). Our detailed age-specific findings show that COVID-19
does not spare the working-age population. Although most deaths
occurred among the older population, a significant burden was
identified in younger age groups, especially those aged 40-54. Also,
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the burden in the younger population was geographically
disproportionate, with CEE and Baltic states (Latvia, Lithuania and
Estonia) experiencing the heaviest death toll. This crucial finding calls
for further analysis of excess mortality among the working population,
since European states face severe labour shortages undermining
economic growth (16).

After a record high mortality in 2021, the excess rates declined but
remained above zero in most countries in 2023. Although the number
of eD in 2023 was 77% lower than in 2020, this situation highlights
that the ongoing indirect pandemic’s impacts persist, even with
widespread COVID-19 vaccination efforts (53). The results of the
cross-country study (17) also support our findings, showing the
highest burden in 2021. The other research (41) indicated that the
years of life lost due to COVID-19 decreased over time since the start
of the pandemic, while the years of life lost from other causes
increased. A regional study (42) showed that in 2021, the highest
cumulative loss of life years was almost entirely concentrated in CEE,
while some Western regions experienced gains in life years. A study
covering 13 WE countries (54) identified significant variations in
cumulative mortality between the countries analysed—those with
faster non-pharmaceutical interventions (NPIs) responses and higher
vaccination enrollment (e.g.,, Denmark) had lower age- and
sex-standardised cumulative excess mortality. The link between timely
vaccination coverage and reduced excess mortality is well documented.
Another cross-European study (53) found that the average excess
mortality in the countries with slower vaccination rollout (less than
70% vaccination coverage by January 2022) was nearly five times
higher than in those with faster rollout (more than 70% vaccination
coverage by January 2022).

Our results confirm geographic differences in the pandemic
burden. The largest East-West gradient was observed in 2021,
consistent with the results of the studies by Bonnet et al. (42) and
Pizzato (17). In 2022, the gradient between East and West countries
persisted, but in 2023, the situation changed. We identified the
negative excess mortality in 2023 in countries that were among the
most burdened in 2020-2022 (Bulgaria, Hungary, Romania, and
Lithuania, among others). This gradient might result from worse
structural and psychosocial factors in the CEE post-transitional
countries, leading to higher mortality therein (55). A magnitude of
socio-economic factors was outlined in the study (17) which found
that lower GDP per capita, higher poverty levels, and lower healthcare
spending correlated with greater excess mortality, while vaccination
coverage had a protective effect on mortality.

The East-West mortality divergence, the persistence of excess
mortality in most countries in 2023, and the negative excess mortality
in 2023 in countries heavily affected during the COVID-19 pandemic
may stem from several factors. Firstly, a sustained increase in mortality
following the pandemic was related to long-term health complications
caused by the virus (56, 57), but also disruptions in healthcare services
such as missed cancer screenings and delayed surgeries (58-60).
Additionally, emerging mental health issues resulting from social
isolation measures and pandemic-borne fears plausibly played a role
(61). Secondly, the harvesting effect suggests that the virus mainly
impacted the most vulnerable individuals, potentially resulting in
decreased mortality in the post-pandemic period (7). Thirdly, the
reverse harvesting effect (7) or dry tinder hypothesis (62) suggest that
at the pandemic onset, NPIs protected the most vulnerable from
seasonal infections that could have led to death. In later years, as
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restrictions were eased, an increased mortality was observed among
the most vulnerable due to infections other than COVID-19.

As for the comparison of excess deaths and COVID-19 deaths in
particular countries, the differences identified in our study are in line
with Sanmarchi et al’s study (63) showing that countries differ notably
in their capabilities to test, diagnose, and certify COVID-19 deaths.
Therefore, excess mortality exceeded confirmed COVID-19 mortality,
particularly in countries with lower testing capacity or more restrictive
diagnostic practises, including several Eastern European countries or
Portugal, among others. On the other hand, countries with more
efficient certification systems and broader inclusion of suspected
COVID-19 deaths, such as Belgium, France or Spain, showed smaller
gaps between the two mortality measures.

The sensitivity analyses indicate that our findings are robust to
alternative modelling and conceptual assumptions. Alternative linear
and time-series models produced only minor deviations from the
selected specification, but quadratic trends, particularly using short
baseline, showed instability in low-mortality young age groups,
reinforcing the choice of a linear specification. Likewise, although
extending LE assumptions increased absolute eYLL levels, and
adjusting productive-age ranges slightly shifted eYPPLL, these
variations did not alter the relative ranking of countries. Together,
these results demonstrate that our findings are not sensitive to
modelling choices or scenario assumptions.

Before we conclude, we shall acknowledge the strengths and
limitations of our analysis. For strengths, we analysed a
comprehensive set of excess mortality measures, including excess
death counts, eYLL and eYPPLL, capturing not only the
epidemiological burden of excess deaths but also the economic
dimension of these losses. Also, we used detailed 5-year age
groups, unravelling patterns unobservable in studies using all-age
or wide age intervals. Additionally, we analysed a set of 28
countries through the year 2023, allowing for assessment of the
post-pandemic situation and relied on complete and final death
statistics from Eurostat, not short-term data that requires
verification. Moreover, we reduced arbitrariness in baseline
selection by evaluating multiple baseline windows and trend
specifications and selecting the final forecasting model using
selection criteria. Eventually, we evaluated model robustness
using alternative specifications and forecasting methods through
sensitivity analysis, supporting the stability of our findings.

Several limitations should be acknowledged. First, we used annual
data, which limited modelling choices, leading to reliance on annual
OLS trend models evaluated across multiple baseline windows and
specifications. Consequently, the confidence intervals for our estimates
are fairly wide; yet, this shortcoming is not unique to our study, as
several prior analyses reported results of even larger uncertainty (15, 25,
32). Second, the estimates for low-populated countries should be treated
with caution, as the small number of deaths leads to greater statistical
uncertainty and increased risk of random variation affecting the
estimates. Third, we used all-cause mortality data and did not account
for the causes of death. Fourth, the methodological choice regarding
eYLL and eYPPLL might have affected our findings; therefore we
addressed this last limitation through sensitivity analysis. Fifth,
aggregated estimates implicitly treat forecast errors across age groups as
independent, which may lead to conservative uncertainty intervals.
Sixth, although we accounted for mortality-model uncertainty when
estimating eYLL and eYPPLL, additional uncertainty arising from future
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life expectancy changes or evolving labour market participation patterns
was not formally quantified and was therefore addressed only through
scenario-based analyses. Finally, excess mortality in 2023 may partly
reflect non-COVID factors, such as heatwaves, influenza resurgence, or
health systems disruptions, which were not examined in this study and
may contribute to the observed post-pandemic mortality burden.

5 Conclusion

Our results show that COVID-19 has exacerbated existing
demographic inequalities in Europe, particularly between East and
West and between sexes. Although the pandemic mortality burden
has generally decreased, it was still identified in 2023, requiring
further preventive and systemic actions. The persistence of excess
mortality in 2023 likely reflects a combination of long-term pandemic
effects and non-COVID factors. Integrating health and economic
indicators, such as the eD, eYLL and eYPPLL, should become an
element of public health policy to better recognise different
dimensions of mortality burden and to prepare for future
health crises.

As for health policy implications, CEE should prioritise efforts
towards improving their health care systems and vaccination
acceptance to limit excess health burden in future. Further, the
countries should maintain monitoring efforts; although excess rates
are declining, they remained positive in 2023 in several states,
underscoring the need for long-term surveillance of the pandemic’s
consequences. Importantly, our estimates of productive-life losses
show that the economic burden of the pandemic is substantial. The
future research efforts should assess this burden in monetary terms
to inform policymakers on how much Europe lost through
production uncompleted due to excess mortality, as cross-country
evidence in this respect is scarce (64).
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Abstract

Background The COVID-19 pandemic has caused significant epidemiological and economic burdens. Although extensive
epidemiological research exists, data on productivity losses resulting from COVID-19 remain limited. Therefore, this study
aimed to estimate paid and unpaid productivity losses from excess deaths and COVID-19 deaths across 28 European coun-
tries from 2020 to 2023.

Methods This study used retrospective, population-level Eurostat data and a societal perspective to estimate paid and unpaid
productivity losses (indirect costs) related to mortality caused by the COVID-19 pandemic (excess deaths and COVID-19
attributable deaths) in 28 European countries (European Union and Norway) from 2020 to 2023. For paid (market) losses, we
applied the alternatives of the human capital approach (HCA) and the friction cost approach (FCA); for unpaid (non-market)
losses, we used the opportunity cost approach (OCA).

Results Total paid productivity losses from excess deaths in 2020—2023 across all 28 countries combined were €57.6 billion
in the Human Capital Approach and €3.1 billion in the Friction Cost Approach. Unpaid productivity losses amounted to €72.5
billion, of which €19.6 billion were attributable to the employed and €52.9 billion to the non-employed. For COVID-19 deaths,
the productivity losses were lower: €35.0 billion for HCA, €2.1 billion for FCA, and 56.2 billion for unpaid losses (€12.4
billion for the employed, and €43.8 billion for the non-employed). The highest relative economic burden was experienced in
the Central and Eastern European countries and three Baltic states (Latvia, Lithuania and Estonia). Losses were higher among
men than women, particularly in paid productivity losses (>80% of total). Age-specific paid losses and unpaid losses among the
employed were the greatest in the middle-aged (40-59), while for unpaid losses among non-employed, most of the burden was
identified in the elderly (aged 60—74). Additionally, we identified heterogeneous time patterns across regions, with Central and
Southern European countries experiencing the highest losses in 2021, Western countries in 2022 and Northern ones in 2023.
Conclusions This study shows that the burden of productivity losses caused by pandemic mortality was substantial, highly
variable across regions and over time, and sensitive to the baseline mortality and valuation method used.

Keywords Productivity losses - COVID-19 - Excess deaths - Mortality - Human capital approach - Friction cost
approach - Opportunity cost approach - Indirect costs - Europe
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Background

Burden of disease studies on COVID-19 have provided
a comprehensive picture of the pandemic’s health toll in
terms of both mortality and morbidity [1, 2]. Numerous
analyses have documented declines in life expectancy [3,
4], excess mortality [5, 6], and reported on morbidity-
related outcomes such as disability-adjusted life years
[7]. In contrast, comparative evidence on the broader
socio-economic consequences of this health deterioration
remains limited.

One under-researched area of the COVID-19 economic
burden is the estimation of productivity losses resulting
from the pandemic [8]. The productivity losses, also referred
to as indirect costs, represent the potential economic output
foregone as a result of disease. As such, productivity losses
estimates provide complementary information to burden of
disease studies [9, 10]. While the burden of disecase studies
estimate health impacts, productivity losses analyses trans-
late those impacts into economic terms, quantifying the eco-
nomic output lost due to morbidity and premature mortality.
Although the two approaches are conceptually distinct,
together they provide a more comprehensive assessment of
the societal burden of disease.

A recent worldwide systematic review of population-
level studies on COVID-19 productivity losses identified
major research gaps in the literature [11]. First, the meth-
odological approaches used were limited; most studies
employed the human capital approach (HCA) exclusively.
While some economic evaluations and cost-effectiveness
analyses have incorporated productivity losses using alter-
native valuation methods, population-level studies estimat-
ing mortality-related productivity losses using the friction
cost approach remain very limited [12, 13], particularly in
a cross-country European context. Second, few studies (e.g.
[14]) provided population-level estimates of unpaid produc-
tivity losses that arise in non-market settings, such as house-
hold or volunteer production lost due to the disease. Third,
evidence often covered only the early phase of the pandemic
and rarely captured long-term COVID-19 effects that per-
sist also post-pandemic. Fourth, cross-country comparisons
of productivity losses remain difficult due to differences in
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study design, calculation methods, and time horizons. This
impedes direct comparison of losses in various time and
geographical settings. Finally, few studies incorporated the
notion of excess mortality [14, 15], as most of the evidence
focused strictly on COVID-19 mortality [11]. This con-
trasts with epidemiological literature, which has highlighted
excess deaths as a key indicator of the pandemic’s health
burden [16, 17].

This study addresses these gaps in population-level
analyses by estimating productivity losses from both
COVID-19 and excess mortality in 28 European countries
in pandemic and post-pandemic years, 2020-2023. Using
Eurostat data and a unified methodology, we provide highly
comparable, cross-country evidence. Our analysis contrib-
utes to the literature in three key ways: it investigates both
paid (market) and unpaid (non-market) productivity losses;
it compares results based on the HCA and the FCA; and
it extends beyond single-country assessments by covering
a wide range of European states. Moreover, we report an
additional economic burden category of public revenue
losses. Together, these contributions enhance understanding
of the COVID-19 economic toll and support evaluation of
pandemic-related policy responses.

Therefore, this study aimed to estimate paid and unpaid
productivity losses from excess deaths and COVID-19
deaths in 28 European countries in the 2020-2023 period,
using a uniform methodology based on highly compa-
rable Eurostat data. By providing estimates based on this
approach, our study offers policymakers robust evidence
on the economic burden of the pandemic across Europe.
These findings may provide policy-makers with a better
understanding of the recent pandemic economic costs and
inform evidence-based decisions regarding future pandemic
preparedness and mitigation of societal impacts of health
crises [18].

Methods
General approach

This study used retrospective, population-level data and a
societal perspective [19, 20] to estimate productivity losses
(indirect costs) associated with mortality attributable to
the COVID-19 pandemic in 28 European countries (Euro-
pean Union and one country of the European Economic
Area (EEA), Norway) in 2020-2023. The country choice
was determined by the completeness of population-level
Eurostat data required for the study, including age- and sex-
specific mortality, employment rates, earnings, and time-use
information used to value unpaid production. Other EEA
countries (Iceland and Liechtenstein) were excluded due to
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incomplete data for one or more of these components over
the 20202023 period.

Productivity losses represent an economic output unpro-
duced [9, 21] due to mortality associated with the COVID-
19 pandemic.

We use two alternative approaches to define mortal-
ity attributable to COVID-19: (a) deaths reported with the
ICD-10 code UQ7 assigned as a cause of death; and (b)
excess deaths. For both approaches, we estimate paid and
unpaid productivity losses [22]; the former represent formal
losses from market activities undone, and the latter account
for non-formal output lost. For paid losses, we rely on two
alternative loss estimation methods, the human capital
approach (HCA) and the friction cost approach (FCA). For
unpaid losses, we use the opportunity cost approach (OCA).
All these methods are explained in detail below.

Following a recent systematic review of COVID-19 pro-
ductivity losses [11], we report results broken down by sex
and three age-based groups: the young (0-39 years), mid-
dle-aged (40-59 years), and elderly (60 + years).

Data preparation and structuring were performed in
Microsoft Excel 2021. Excess mortality estimation was
conducted in Python (v. 3.11.6) using pandas (2.2.3), numpy
(2.2.1) and statsmodels (0.14.4). Productivity loss calcula-
tions were carried out in Microsoft Excel, while graphi-
cal outputs were produced in R (v. 4.4.1) using RStudio
(v. 2024.09). The use of multiple software environments
reflected task-specific efficiency and facilitated data han-
dling and analysis.

Mortality attributable to COVID-19

Country-specific Eurostat annual data on all-cause deaths
[23] and COVID-19 deaths [24] (both broken down by
sex and 5-year age groups), were used to determine excess
deaths and deaths attributable directly to the virus, respec-
tively. For excess deaths, we used age-group- and sex-spe-
cific mortality rates from the 2002-2019 baseline period
to build Ordinary Least Squares (OLS) regression models,
allowing us to predict mortality rates during the pandemic
and post-pandemic years, 2020-2023. To avoid arbitrariness
in baseline selection and trend specification, we applied a
multiverse modelling approach, estimating all possible con-
secutive pre-pandemic baseline periods ending in 2019 and
evaluating alternative linear and quadratic time-trend speci-
fications. For each country, sex, and age group, forecasts
for 2020-2023 were generated across all baseline windows
and model specifications. Extreme predictions arising from
short or unstable baselines were excluded using a Tukey 1.5
interquartile range criterion [25], and remaining forecasts
were averaged to obtain expected mortality. Model perfor-
mance was assessed using pre-pandemic goodness-of-fit

criteria (Akaike Information Criterion, Mean Absolute
Error, and Root Mean Squared Error), and a single specifi-
cation was selected uniformly across strata based on overall
performance. Expected deaths were obtained by multiply-
ing predicted mortality rates by observed population counts,
and excess deaths were calculated as the difference between
observed and expected deaths. Methodological details,
diagnostics, and robustness analyses are provided in a dedi-
cated epidemiological study [26].

Because we used 5-year age groups, we assumed that
each death occurs at the midpoint of a group, e.g. at the age
of 27 for the 25-29 age group. Although Eurostat data on
all-cause deaths (used to assess excess mortality) are avail-
able in single-age groups, we aggregated these counts into
5-year groups. This is because COVID-19 death counts and
key economic inputs (e.g. employment rates) are available
only in 5-year age groups; therefore, all analyses were con-
ducted using this age structure. Also, the use of 5-year age
groups improves statistical stability in low-population coun-
tries at younger-ages, where single-year counts are very low
or zero [26, 27]. The impact of age-group assignment was
assessed in a sensitivity analysis, as described below. Addi-
tionally, a half-cycle adjustment was applied, meaning that
all deaths occurred in the middle of the year [28] (not in the
FCA, where this adjustment was irrelevant).

Economic measures

A productivity measure applied was per worker gross
domestic product (GDP) adjusted for purchasing power par-
ity [29]. Because the per worker GDP reflects average eco-
nomic output and indirect cost estimation should rather rely
on marginal, not average productivity [21, 30], we adjusted
per worker GDP by a 0.65 coefficient that approximates the
output elasticity of labour as used in the European context
[31] (for applications, see [32, 33]).

To account for productivity variation across age- and
sex-specific sub-populations, we used available Eurostat
data on mean annual earnings [34]. We assume that the vari-
ation of per worker GDP between particular age groups and
sexes might be reflected by respective differences in earn-
ings between sub-populations defined as such. In detail, we
used three age groups as reported by Eurostat: <30, 3049,
and>50 years of age for each of the 28 states analysed. For
example, in Belgium, earnings of men (women) aged <30
(50+) are 31.2% lower (15.7% higher) than on average for
men (women), and we assume that the productivity measure
(per worker GDP) varies accordingly.

In contrast to previous studies [22, 32], we do not estimate
losses in the strictly working-age population (using either
factual or legal retirement age as a threshold for quitting the
labour market). Instead, we include the population at each
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age for which employment rates are reported by Eurostat
[35], meaning that the population aged 15-74 years is ana-
lysed here. Employment rates were applied in 5-year age
groups (15-19, 20-24, ..., 70-74), explicitly capturing the
sharp decline in labour market participation at older ages.

For the HCA and OCA estimates, we used a 5% discount
rate to account for the diminishing future value of produc-
tion lost. Additionally, to incorporate the impact of future
economic growth across the EU, we used the EU average
potential per worker GDP growth rates for the forthcoming
decades [36]. For FCA, neither discounting nor economic
growth adjustment was applicable because, for this method,
losses do not extend into the future to more than a year.

All the losses were expressed in real terms, using the
harmonised index of consumer prices as a deflator [37] and
2020 as a base year.

Human capital approach

Using the HCA, productivity losses represent the potential
discounted value of market output lost (paid losses) that
would be produced if those who died were still alive and
were working until the end of their projected labour mar-
ket activity period. To adjust for variations in employment
participation and productivity between sexes and popula-
tions across different age, we used sex- and age-specific
input data for employment rates and per worker GDP, as
explained above. Subsequently, productivity losses were
estimated by incorporating the progressive variability of
per worker GDP and employment rates, which change by
sex and age group. Specifically, the calculations reflected
the fact that productivity tends to increase with age, while
labour market participation declines in the elderly.

Unlike most of the studies that deal with COVID-19-re-
lated deaths in the working age population (see e.g. [14, 38,
39]), we included deaths at pre-productive age (age groups
0-4, 5-9, 10—14). This is because those dying young would
eventually enter the labour market, and the potential eco-
nomic output lost due to these deaths should be accounted
for (adjusting for expected employment rates and the dis-
counted value of future productivity). For example, as we
assume that labour market entry occurs at the age of 15, a
2020 death in the age group 0—4 would result in employment
entry in 13 years (15—2 [middle of the age range]=13), that
is, in 2033.

Friction cost approach
The friction cost approach offers an alternative to the HCA
for assessing productivity losses attributable to diseases.

FCA assumes that the productive time lost due to illness
is limited only to the period needed to replace a deceased
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worker, allowing for production restoration with this
replacement [10, 30].

For the calculation of the friction period, we relied on
the study [40], which estimated the friction period in 30
European countries. Using their base-case method (/yc)
for each country and year, we obtained respective friction
periods. Estimates of productivity losses based on the FCA
were limited to the population aged 15—74, meaning that the
pre-productive population was excluded. This is because the
FCA, unlike the HCA, does not deal with losses of those
anticipated to start work in future. We used sex- and age-
specific input data, as we do in the HCA. Accordingly, pro-
ductivity losses are calculated as the product of the number
of deaths and per worker GDP corresponding to the coun-
try- and year-specific friction period.

Opportunity cost approach

The OCA is used to estimate losses from unpaid produc-
tion. This indirect cost category represents the non-market
production uncompleted by those (working in the labour
market or;not) who domestically undertake productive tasks
that have societal value and could be monetised according
to market rates [22]. A single category of unpaid production
was created by summing up the time spent (based on Euro-
stat's Time Use Survey 2010 [41]; no more recent edition
available) on several categories, including household and
family care, laundry, among others1'.

Following [22] we divide unpaid production into catego-
ries based on sex, age-groups and employment status. For
those in the working category, we average the time spent
on the above activities by those working full-time and part-
time. For the non-working population, we average the time
of unpaid work done by the unemployed, students, home-
makers and retired people.

To determine the annual time and economic value of non-
market production lost, we refer to the time lost in the for-
mal economy and its GDP valuation. In detail, we assume
250 working days (in the formal economy) and an average
of 8 work hours a day, yielding 2,000 labour hours per year.
Since we used per worker GDP in the non-market valua-
tion, we aimed to express the value of the non-market losses
by relating them to market losses. The following illustra-
tive example explains our approach. Male paid workers in
Belgium spent an average of 1,427 h per year on unpaid

' The complete list of categories used to evaluate time spent on

unpaid work includes: food management except dish washing; dish
washing; household upkeep except cleaning dwelling; cleaning dwell-
ing; laundry; ironing; construction and repairs; household manage-
ment and help family member; childcare, except teaching, reading and
talking; teaching, reading and talking with child; informal help to other
households; organisational work; participatory activities.
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work (Eurostat data [41]) and this represents 71.4% of time
spent on paid work (1,427 of 2,000 h). Therefore, the annual
non-market output of an average worker is 71.4% of per
worker GDP, additionally adjusted for lower productivity
(using minimum earnings — 38.6% of an average earnings),
as explained below. The respective estimates were broken
down by sex, employment status, and age groups.

In practice, the use of OCA reflects the concepts of the
HCA, with the following modifications. First, it accounts
for losses among both the working and the non-working
(unemployed and economically inactive persons). The non-
working share of the population was obtained by subtract-
ing (sex- and age-specific) employment rates from 100%.
Second, we assumed that unpaid work is less productive
than market activities on average. This is because most of
the domestic activities are the ones that could be replaced
by labour paid at rates closer to minimum earnings rather
than average ones. Therefore, following [32], minimal pro-
ductivity was obtained by dividing the minimum wage by
the average wage in particular economies. Because there
was no minimum wage legislation in six European coun-
tries in 2025 (Denmark, Italy, Austria, Finland, Sweden and
Norway), the weighted (population size) mean value for the
remaining countries was used for the states with no mini-
mum wage; this mean was 43.47% of the average wage.
Third, we assumed that young people aged 15-19 require
care from their parents and do not perform household tasks,
so we shifted the starting age of losses in the non-market
economy to those aged 20-24.

Public finance burden

In addition to productivity losses analysis, we report how
these losses potentially affect public finance revenues. The
labour supply decay resulting from premature mortality
leads to a reduction in the total output produced. A decrease
in the potential GDP results in declined income and lower
consumption, which subsequently diminishes public rev-
enues by reducing potential revenues from income and con-
sumption taxes. This simplified analysis illustrates potential
losses of public finance revenues that are attributable to
decreased GDP resulting from the pandemic. For this pur-
pose, we used Eurostat data [42] on the GDP share of the
revenues for the four most important taxes (personal income
tax (PIT), corporate income tax (CIT), excise tax, value
added tax (VAT)) and social contributions [43, 44].

To illustrate our approach, for Belgium in 2020 (accord-
ing to Eurostat data), VAT revenues constituted 6.4% of GDP
and we assume that the same share of estimated productivity
losses represents a rough estimate of potential VAT revenue
lost. Importantly, the category of public finance burden does
not represent an additional economic burden to estimated

productivity losses. Rather, these potential revenues lost are
a share of productivity lost within the public finance sec-
tor. The following categories of the Eurostat’s main national
accounts tax aggregates [42] database were used: D211 for
VAT; D214A for excise tax; D51A for PIT; D51B for CIT;
D61 for social contributions.

Sensitivity and uncertainty analysis

We conducted two complementary analyses to assess the
robustness of the estimates: a deterministic sensitivity anal-
ysis addressing key modelling assumptions, and an uncer-
tainty analysis quantifying statistical uncertainty in the
excess mortality inputs.

A one-way deterministic sensitivity analysis was per-
formed to evaluate the impact of alternative economic
assumptions. The following scenarios were examined: gross
value added (GVA) instead of GDP; 3.5% and 0% discount
rates instead of the base-scenario 5%; and uniform 0%
and 2% future economic growth for all countries, instead
of average EU growth rates. Additionally, we assessed the
sensitivity of the results to age-group assignment by assum-
ing that all deaths within each 5-year age group occurred
either at the lower or upper bound of the interval, address-
ing potential bias arising from midpoint age assignment. To
quantify uncertainty around the point estimates, we propa-
gated the 95% uncertainty intervals of excess mortality
estimates (as reported in [26]) through the productivity loss
calculations. Productivity losses were recalculated using
the lower and upper bounds of the excess death uncertainty
intervals, thereby reflecting statistical uncertainty arising
from the mortality estimation rather than alternative model-
ling assumptions.

Results

Productivity losses from excess and COVID-19
deaths

Total paid productivity losses from excess deaths (ED) in
2020-2023 across all 28 countries combined were €57.6 bil-
lion in the Human Capital Approach (HCA) and €3.1 billion
in the Friction Cost Approach (FCA) (Table 1). Estimated
unpaid productivity losses were of higher magnitude, with
a combined Opportunity Cost Approach (OCAe+OCAn)
total of €72.5 billion (Table 2). Productivity losses attrib-
utable to COVID-19 deaths (CD) were consistently lower
across all valuation approaches (e.g. €35.0 billion for HCA),
but followed the same relative ordering (Tables S1-S2).

In absolute terms, cross-country differences in total pro-
ductivity losses largely reflected population size. Under both
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Table 1 Paid productivity losses from excess mortality in 28 European countries, 2020—-2023: total and per capita estimates

2020 2021 2022 2023 2020-2023
(2020 € PPS) Million € € Million€ € Million € € Million € € Million € €
HCA per capita HCA per capita ~ HCA (FCA) percapita HCA (FCA) percapita  Total HCA  Average
(FCA) HCA (FCA) HCA (FCA) HCA HCA (FCA) (FCA) per capita
(FCA) (FCA) HCA
(FCA)
CEE 3,966 442(24) 10914 123.4(6.8) 2,947 (129) 33.5(1.5) —694(-54) -7.9(-0.6) 17,134(890) 48.3(2.5)
(217) (599)
Bulgaria 444 (21) 67.6(3.2) 1,162(54) 177.8(8.3) 126 (9) 194 (1.3) —212(-7) —-329(-1.1) 1,520(77) 58.0(2.9)
Czechia 293 (35) 274(3.2) 1,144 109.0 (10.4) 370 (25) 352(24) 96 (6) 8.9(0.5) 1,903 (175) 45.1 (4.1)
(109)
Hungary 309 (19) 31.9(2.0) 1,381(85) 143.1(8.8) 350(19) 36.4(2.0) 48(-2) 49(-0.2) 2,086 (121) 54.1(3.1)
Poland 1,982 522 (2.5) 4263 (211) 115.0(5.7) 1,704 (64) 46.2(1.7) —-63(-16) —1.7(-0.4) 7,886(356) 52.9(2.4)
N
Romania 874 (41) 452 (2.1) 2,255 117.4 (5.4) 209 (3) 11.0(0.2) —591(-35) -31.0(-1.8) 2,747 (112) 35.7(1.5)
(103)
Slovakia 65 (4) 11.8 (0.7) 709 (37) 129.9 (6.8) 189 (8) 34.7(1.5) 29(0) 54(=0.1) 992 (49) 45.5(2.3)
NE 799 (35) 21.0(0.9) 1,628 (98) 42.6 (2.6) 1,680 (96) 43.7(2.5) 1,536 (63) 39.5(1.6) 5,643 (291) 36.7(1.9)
Denmark -2(-2) -03 5(1) 0.9 (0.2) 115 (5) 19.6 (0.9) 80(3) 13.5(0.5) 199 (6) 8.4(0.3)
(=0.4)
Estonia 41 (2) 30.6 (1.5) 146 (8) 109.7 (5.8) 136 (5) 102.1 118 (3) 86.2 (2.1) 440 (18) 82.1(3.3)
(3.8)
Finland 138(6) 25.0(1.1) 65(9) 11.7 (1.6) 183 (15) 33.0(2.7) ©193.(12) 34.8(2.2) 579 (43) 26.1(1.9)
Ireland 187(4) 37.3(0.8) 412(16) 81.3(3.1)  333(11) 64.6 (2.1) 270 (3) 51.2 (0.6) 1,202 (34) 58.6 (1.7)
Latvia =8 (1) -4.5(0.3) 327 (21) 172.5(11.0) 239 (12) 127.7 148 (7) 78.8(3.5) 706 (40) 93.6 (5.3)
6.3)
Lithuania 309 (15) 110.1 554 (31) 197.1 (10.9) 305 (15) 108.8 183 (7) 64.2 (2.6) 1,352 (68) 120.0
(5.5) (5.4) (6.1)
Norway 27(1) 5.000.1) -13(3) -2.5(0.5) 297 (25) 54.8 (4.6) 395(19) 72.0(3.4) 706 (47) 32.3(2.1)
Sweden 107(9) 10.4(0.8) 132(11) 127 (1.1)  71(D) 6.8(0.7) 148(9) 14.1 (0.8) 459 (36) 11.0 (0.9)
SE 3,339 246 (1.2) 4,728 35.0(1.7) 3,461 (149) 25.7(1.1) 2,220(70) 16.4(0.5) 13,748 (612) 25.4(1.1)
(163) (231)
Croatia 30 (3) 7.6 (0.7) 229(14) 58.8(3.6) 51 (4) 13.2(0.9) -15(1) -3.8(04) 295(22) 19.0 (1.4)
Cyprus 18 (1) 19.8 (1.0) 65(3) 70.6 (3.0) 13 (1) 13.9(0.7) 14(-1) 14.8 (-0.6) 109 (4 29.8 (1.0)
Greece 58(3) 54(03) 586(23) 54.8 (2.1) 114 (5) 109 (0.4) —111(=7) —10.6(-0.7) 647 (24) 15.1 (0.6)
Italy 1,594 26.7(1.6) 2,302 38.9(2.2) 1,737.(93) 294 (1.6) 1,591(68) 27.0(1.1)  7,224(386) 30.5(1.6)
94 (130)
Malta 10 (1) 19.0(1.3) 4 (1) 8.6 (1.5) 9(1) 17.3(1.4) -15(0) —28.1(-0.3) 8(2) 4.2 (1.0)
Portugal 278 (10) 26.8 (0.9) * 305 (13) 293(1.3)  245(9) 23.5(0.8) 134(2) 12.8(0.2) 962 (34) 23.1(0.8)
Slovenia 28(2) 134 (0.8) 72 (5) 342(23) 5403 258 (1.2) 32(2) 15.2(0.7) 187 (11) 22.2(1.3)
Spain 1,323 28.0 (1.1) 1,165(42) 24.6(0.9) 1,238 (35)  26.1(0.7) 590 (4) 12.3(0.1)  4,315(130) 22.7(0.7)
(50)
WE 2,351 12.4 (0.8)" 6,780 35.8(2.3)  7,313(438) 38.5(2.3) 4,591(228) 24.1(1.2) 21,035 27.7(1.7)
(159) (444) (1,269)
Austria 109 (10) 12.2(1.2) 419 (30) 469 (3.4)  328(27) 36.5(3.0) 280(17) 30.7 (1.9) 1,136 (84) 31.6 (2.4)
Belgium 325(25) 28.2(2.2) 411(27) 35.5(2.3) 394 (28) 33.9(24) 219(15) 18.6 (1.3) 1,349 (96) 29.1(2.1)
France 637(49) 9.4(0.7) 1,404 (87) 20.7(1.3) 1,994 (95) 293(1.4) 1,060(37) 155(0.5)  5,095(269) 18.7(1.0)
Germany 796 (47) 9.6 (0.6) 3,640 438 (2.8)  3,759(232) 452(2.8) 2,376(114) 28.6(1.4) 10,572 (625) 31.8(1.9)
(232)
Luxembourg 1(0) 2.1(02) —4(0) —6.1(0.8) —20(-1) -30.7 =36 (-1) =55.1(-2.1) =59 (-2) -22.5
(-1.5) (-0.7)
Netherlands 483 (27) 27.7(1.6) 910 (67) 52.1(3.8)  858(57) 48.8 (3.2) 692 (46) 38.9(2.6) 2,943(197) 41.9(2.8)
Total 10,456  25.6(1.3) 24,050 59.2 (3.3) 15,401 (811) 353 (1.8) 7,654 (306) 18.0(0.7) 57,560 34.5(1.8)
(574) (1,372) (3,063)

Notes: HCA — human capital approach; FCA — friction cost approach; CEE — Central and Eastern Europe; NE — Northern Europe; SE — Southern Europe;
WE—Western Europe; PPS — purchasing power standard. For COVID-19 results, see Table S1 in the supplementary file
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Table 2 Unpaid productivity losses from excess mortality in 28 European countries, 2020-2023: total and per capita estimates

2020 2021 2022 2023 2020-2023

(2020 € PPS) Million € € Million€ € Million€ € Million€ € Million € €
OCAe per capita OCAe per capita OCAe per capita OCAe per capita OCAe average per
(OCAn) OCAe (OCAn) OCAe (OCAn) OCAe (OCAn) OCAe (OCAn) capita

(OCAn) (OCAn) (OCAn) (OCAn) OCAe
(OCAn)

CEE 1,439 16.0 3,989 45.1 (136.0) 1,081 12.3(22.9) 243 —2.8(-20.0) 6,266 17.7 (48.5)
(4,935)  (55.0) (12,021) (2,013) (=1,766) (17,202)

Bulgaria 148 22.5 397 60.8 (158.7) 46(208) 7.1 (32.1) =71 (-106) —11.0 520 (1,563) 19.8 (59.8)
(424) (64.6) (1,036) (-16.4)

Czechia 97 (335) 9.1(31.3) 378 36.1(96.2) 118(192) 11.3(18.3) 19(-23) 1.8(-2.2) 613(1,513) 14.5(35.9)

(1,010)

Hungary 96 (276) 9.9 (28.5) 429 (989) 44.5(102.5) 108 (196) 11.2(20.4) 19(-31) 2.0(-3.3) 652(1,429) 16.9(37.0)
Poland 753 19.8 1,660 44.8 (125.6) 669 18.1(31.2) —7(-586) —0.2(-16.0) 3,074 20.6 (50.3)
(2,289)  (60.3) (4,658) (1,149) (7,510)

Romania 321 16.6 835 43.5(175.0) 71(89) 3.8(4.7) -209 —-11.0 1,019 13.2 (51.1)
(1,465)  (75.8) (3,360) (-976) (-51.2) (3,938)

Slovakia 25(145) 4.5(26.7) 289(968) 53.0(177.2) 69 (178) 12.6 (32.8) 5(-43) 1.0 (-8.0)  388(1,248) 17.8(57.2)
NE 252 6.6 (10.9) 533 13.9(26.4) 553 14.4 (27.1) 504 (682) 13.0(17.5) 1,842 12.0 (20.5)
417) (1,011) (1,042) (3,153)

Denmark 1(-26) 0.2(-4.4) 10(26) 1.7 (4.4) 43 (80) 7.3 (13.6) 30 (11) 5.0.(1.9) 84 (91) 3.6(3.9)

Estonia 12 (14) 89(10.3) 45(61) 34.0 (45.9) 40 (36) 30.4 (26.7)  35(17) 25.5(12.2) 132(127) 24.7 (23.8)

Finland 39(70)  7.1(12.7) 19(115) 3.5(20.3) 64 (239) 11.6 (43.1) . 63(191) 11.3(34.3) 186 (616) 8.4 (27.7)

Ireland 58(57) 11.6(11.5) 123 (187) 24.4(36.8) 102(139) 19.8(27.0) 76 (75) 14.5(14.3) 360 (459) 17.6 (22.4)

Latvia —4 (6) -2.0(3.1) 101(172) 53.4(90.9) 70(92) 37.4 (49.3) 39 (46) 20.9 (24.5) 207 (317) 27.4 (42.0)

Lithuania 105 373 195(311)  69.3 (110.8) 110(169) 39.2(60.1) - 63 (63) 22.1(22.0) 473 (721) 42.0 (64.0)
(178) (63.2)

Norway 13 (4) 24(0.7) 130 0.1(5.5) 110 (205) 20.2(37:8) 148 (184) 27.0(33.6) 271 (423) 12.4 (19.4)

Sweden 28 (113) 2.7(11.0) 38(109)  3.7(10.5) 13 (82) 1.3(7.9) 50 (95) 4.7 (9.0) 129 (400) 3.1(9.6)

SE 1,230 9.1(39.5) 1,724 12.8 (45.4) 1,272 9:4(29.0) 788 5.8 (11.7) 5,013 93(31.4)
(5,356) (6,134) (3,909) (1,591) (16,989)

Croatia 13 (157) 3.3(39.8) 92(462)  23.7(118.8) 19(139) 4.9 (36.1) —4 (43) -1.0 (11.2) 120 (802) 7.7 (51.5)

Cyprus 6(10) 6.7 (11.5) 22 (40) 23.6 (43.5) 4 (14) 4.7 (14.7) 3(-8) 3.7(-8.9) 35(55) 9.7 (15.2)

Greece 25(169) 2.3 (15.8) 210(741) 19.6(69.4) 42(219) 4.0(21.0) —35(-82) —3.3(-7.8) 242(1,047) 5.7(24.6)

Italy 538 9.0 (46.8) 793 13.4 (50.1) 594 10.1 (34.7) 544 9.2 (24.0) 2,468 10.4 (38.9)
(2,791) (2,971) (2,049) (1,418) (9,229)

Malta 1(6) 2.6(124) 0(10) -1.0(20.1) 0(8) 0.1 (16.2) =7(-7) -13.3 -6 (18) -2.9(8.9)

(-13.1)

Portugal 106 10.2 119.(309) 11.5(29.7) 91(184) 8.8(17.6) 41 (50) 3.9 (4.7) 358 (763) 8.6 (18.3)
(221) (21.3)

Slovenia 13(31) 6.4 (15.0) 32(101) 15.1 (48.0) 27 (32) 12.8(15.4) 15(-19) 7.0 (-9.1) 87 (146) 10.3 (17.3)

Spain 527 11.1 458 9.7 (31.6) 494 10.4 (26.6) 230(197) 4.8(4.1) 1,710 9.0 (26.0)
(1,970)  (41.6) (1,500) (1,263) (4,929)

WE 691 3.7(14.3) 2,071 109 (29.4) 2,330 12.3(27.1) 1,393 7.3 (11.1) 6,485 8.5(20.5)
(2,707) (5,574) (5,151) (2,112) (15,545)

Austria 33(190) 3.8(21.4) 134(449) 15.0(50.2) 106(352) 11.8(39.2) 89(179) 9.8 (19.7) 362 (1,171)  10.1 (32.6)

Belgium 99 (500) 8.6(43.4) 129(380) 11.2(32.8) 125(384) 10.7(33.0) 71(135) 6.1 (11.5) 425(1,398) 9.2(30.2)

France 223 3.3(20.1) 491 7.2 (30.2) 740 10.9(28.3) 371(506) 5.4(7.4) 1,824 6.7 (21.5)
(1,353) (2,049) (1,927) (5,835)

Germany 199 2.445) 1,039 12.5(25.1) 1,105 13.3(24.6) 672(956) 8.1 (11.5) 3,015 9.1 (16.4)
375) (2,084) (2,047) (5,462)

Luxembourg 2(-3) 2.8(4.3) 2(-4) 3.5(5.9) -6 (-20) —9.8(-30.7) -9(-63) -—13.6 —11 (-89) —4.2

(-95.7) (-34.1)

Netherlands 135 7.7(16.7) 276 (617) 15.8(35.3) 260 (462) 14.8(26.2) 199(399) 11.2(22.4) 869 (1,768) 12.4(25.2)
(291)

Total 3,612 8.8(29.9) 8316 20.7 (59.3) 5,236 12.1(26.5) 2,442 5.8(5.1) 19,606 11.9 (30.2)
(13,414) (24,740) (12,115) (2,619) (52,389)

Notes: OCAe — opportunity cost approach for the employed; OCAn — opportunity cost approach for the non-employed (unemployed, students, home-
makers and retired persons); CEE — Central and Eastern Europe; NE — Northern Europe; SE — Southern Europe; WE—Western Europe; PPS — purchas-
ing power standard. For COVID-19 results, see Table S2 in the supplementary file
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HCA FCA
Austria I o000/008 Austria I 0.000/0.006
Belgium P 002/006 Belgium P o-.001/0.005
Bulgaria T o.10/021 Bulgaria [ 000570011
Croatia B o003/005 Croatia I 0002/0.005
Cyprus P 0.02/008 Cyprus P o0.001/0.003
Czechia I oo3/0.13 Czechia T 000370012
Denmark Ml 0017001 Denmark Jl 0.001/0.000
Estonia N 0.04/029 Estonia N 0.003/0.010
Finland I 0.00/0.07 Finland P 0.001/0.005
France B oo1 /005 France I 0000/0.003
Germany [ oo1/007 Germany P 0.001/0.004
Greece P o002/005 Greece Pl o.001/0.002
Hungary T o0s/0.18 Hungary I 0004/0010
Ireland P 0.02/006 Ireland Il 0.001/0.001
Italy P o02/008 Italy PN 0001 /0.004
Lawvia I os 055 Latva P oo /021
Lithuania T o12/034 Lithuania T 000670017
Luxembourg Y oo1/-004 Luxembourg 7 -0.001/0.000
Malta [T 008/009 Malta [P 0.001/0.004
Netherlands P o002/008 Netherlands I 0.001/0.005
Norway I 0027004 Norway I 0.001/0.003
Poland T 00s/0.18 Poland T 0.002/0.008
Portugal I 0.00/0.09 Portugal [ 0.001/0.003
Romania T 0.05/0.11 Romania T 0.002/0.004
Slovakia P 003/0.17 Slovakia T 0.002/0.008
Slovenia - 0.02/0.05 Slovenia - 0.001/0.004
Spain P oo02/006 Spain B o.001/0.002
Sweden B 0.00/008 Sweden B 0.000/0002
Al P o02/008 Al P 0001 /0.004
0.0 0.2 0.4 0.00 0.01 0.02 0.03
% GDP % GDP
Sex . Males . Females

Fig. 1 Paid productivity losses from excess deaths in 28 European countries, 2020-2023: share of gross domestic product (GDP) lost

HCA and FCA, the highest paid losses were observed in the
largest countries, notably Germany, Poland, and Italy, while
unpaid losses were relatively more pronounced in Italy and
Poland (Tables 1 & 2, Table S1-& Table S2). These patterns
were consistent for ED and CD.

When expressed relative to the economic size, paid pro-
ductivity losses under HCA averaged 0.10% of GDP for
excess deaths (ED), (range: —0.03% to 0.46%), and 0.06%
for COVID-19 deaths (CD) (0.01% to 0.28%) (Fig. 1; Fig.
S1). Under FCA, average losses were markedly smaller
(0.005% for ED and 0.004% for CD). For estimates based
on ED, we identified negative losses® for low-populated
countries. A similar pattern was observed for unpaid pro-
ductivity; both OCAe and OCAn displayed ranges span-
ning negative to positive GDP shares (in ED, up to 0.16%
in OCAe and 0.32% in OCAn), with losses from the non-
employed population generally exceeding losses among the
employed (Fig. 2; Fig. S2).

2 Negative productivity losses result from negative excess mortality,
i.e. a situation when lower than expected mortality was observed in
some periods/countries. Such results should not be interpreted as eco-
nomic gains, but we report them for transparency.

@ Springer

Across all valuation methods, relative losses varied
substantially across countries but showed a consistent
geographic gradient. Higher proportional burden was con-
centrated in Central and Eastern Europe (CEE), and in
three Northern European (NE) states (Estonia, Latvia, and
Lithuania), whereas Western (WE) and Nordic countries
generally experienced smaller, and in some cases negative
losses (among low-populated countries such as Malta and
Luxembourg).

Time distribution of productivity losses

Our results show marked temporal variation across coun-
tries. For ED, losses peaked in 2021 in Central and Eastern
Europe (CEE) and Southern Europe (SE), whereas Western
European (WE) countries experienced their highest losses
predominantly in 2022. Northern Europe (NE) showed a
more even distribution of losses across 2021-2023. This
time-region pattern was consistent across valuation meth-
ods used, but only for excess deaths. At the country level,
several CEE countries experienced a pronounced concen-
tration of losses in 2021, followed by a sharp decline by



Paid and unpaid productivity losses across 28 European countries due to excess deaths and COVID-19 deaths...

OCA employed OCA non-employed
Austria I 000/002 Austria P o001 /007
Belgium - 0.01/0.02 Belgium _ 0.02/0.06
Bulgaria T 005/006 Bulgaria T o-1610.16
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Denmark . 0.01/0.00 Denmark . 0.01/-0.00
Estonia N 002/008 Estonia [ 0.03/0.06
Finland I 000/002 Finland I 0.02/0.06
France I 000/002 France P o01/005
Germany - 0.00/0.02 Germany - 0.01/0.03
Greece P oo1/002 Greece T 006 /0.06
Hungary T 003/005 Hungary T 0.08/0.09
Ireland [P o0.01/002 Ireland [l 0.02/0.01
Italy P 001 /003 Italy T 004 /008
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Lithuania . 0.06/0.10 Lithuania N 0.09/0.15
Luxembourg - 0.01/-0.01 Luxembourg - -0.02/-0.02
Malta T 0.03/002 Malta [ 0.01/003
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Poland T 0037006 Poland T 00s/0.13
Portugal I 0.00/0.03 Portugal I 0.03/005
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Slovakia T 0.02/0.06 Slovakia [ T 0.09/0.16
Slovenia _ 0.02/0.02 Slovenia _ -0.00/0.07
Spain I o.01/002 Spain I 003/006
Sweden [l -0.00/001 Sweden [ o01/002
Al P oot /002 Al I 003/0.06
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Fig. 2 Unpaid productivity losses from excess mortality in 28 European countries, 2020-2023: share of gross domestic product (GDP) lost

2023, in some cases reaching negative values, while parts
of Northern Europe (Finland, Norway and Sweden) exhib-
ited a delayed peak, with the greatest burden in 2023. In
contrast, in countries such as Spain and Italy, productivity
losses were distributed more evenly across years (Tables 1,
2). In contrast, for COVID-19 deaths, the burden of produc-
tivity losses was the highest in 2021 for all regions (data for
2023 not available for most countries) (Table S1 and Table
S2).

Sex- and age-specific productivity losses

Sex-specific figures reveal a notable disparity, with men
accounting for the majority of productivity losses across all
valuation approaches and mortality measures. Under both
HCA and FCA, male ED made up 82% of losses and 76% in
CD. For unpaid losses, sex differences were smaller but still
notable: among the employed (OCAe), males contributed
74% of losses for ED (Fig. 3) and 66% for CD (Fig. S3);
in non-employed (OCAn), the sex distribution was more
proportional, but still male shares were higher (Fig. 3 and
Fig S3). These patterns were also reflected in GDP-related
terms: across all methods, men accounted for the larger

share of GDP losses, with women contributing a markedly
smaller proportion (Fig. 1; Fig. 2).

Age-specific patterns differed by valuation approach.
Under HCA and OCAe, productivity losses were concen-
trated in the core working-age population (40-59 years),
which accounted for the majority of losses for both ED
and CD (Fig. 3; Fig. S3). FCA displayed a similar profile
but with a greater relative contribution from older working
ages (60—74 years). In contrast, unpaid productivity losses
among the non-employed (OCAn) were dominated by older
age groups, with individuals aged 60—74 accounting for the
largest share of losses for both ED and CD.

Regional differences in productivity losses

From an absolute perspective, regional differences in pro-
ductivity losses largely reflected the distribution of popu-
lation and economic activity. Western European countries
accounted for the largest absolute paid productivity losses
under HCA (€21.0 billion) and FCA for excess deaths (€1.3
billion), and under FCA for COVID-19 deaths (€0.8 bil-
lion), followed by Central and Eastern Europe, Southern
Europe, and Northern Europe (Tables 1 & S1). In contrast,
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Fig. 3 Sex- and age-specific break-
downs of productivity losses from 100~
excess mortality in 28 European

countries 80-
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. Males . Females

under HCA for CD and for unpaid productivity losses esti-
mated using OCAe and OCAn, CEE countries consistently
exhibited the highest absolute losses (Tables 1-2, S1-S2).
Across all approaches and mortality measures, Northern
European countries, apart from three Baltic states (Lithu-
ania, Latvia, and Estonia), recorded the lowest absolute pro-
ductivity losses.

When expressed relative to economic size, a markedly
different pattern emerged. CEE and the three mentioned
Baltic states countries consistently experienced the highest
productivity losses as a share of GDP across all valuation
approaches and for both ED and CD (Fig. 1; Fig. 2; Fig. S1;
Fig. S2). By contrast, Nordic and Western European coun-
tries were generally among those with the lowest relative
burdens, regardless of the method or mortality measure used.

Per capita productivity losses

Per capita productivity losses exhibited pronounced
cross-country variation and a highly consistent rank-
ing across valuation approaches. The highest per capita
losses, both for ED and CD, were concentrated in CEE
and three Baltic countries, regardless of whether paid or
unpaid productivity losses were considered (Tables 1,
2; Tables S1-S2). For example, under HCA for ED, per
capita losses exceeded €80 in Lithuania, Latvia and Esto-
nia, compared with values below €20 in several Nordic
(Denmark and Sweden) and SE countries (Greece, Malta,
Croatia) (Table 1). Similarly, unpaid losses among the
non-employed (OCAn) reached nearly €65 per capita in
Lithuania and €60 in Bulgaria for ED, while remaining
negative in countries such as Luxembourg (Table 2).
Nordic countries and small economies consistently
exhibited the lowest per capita losses. Norway, Finland,
Sweden, Denmark, Luxembourg, and Malta were among
the countries most frequently recording very low—and in

@ Springer

A. Sex structure (%)

B. Age structure (%)

OCAe HCA FCA

I o0-30 [ 40-59 [ e0-74

OCAe OCAn

some cases negative—per capita productivity losses across
valuation methods and mortality measures.

Public finance burden

The public finance burden attributable to excess deaths,
aggregated across all countries and years, amounted to
€19.7 billion under the Human Capital Approach (HCA)
and €1.1 billion under the Friction Cost Approach (FCA)
(Table 3). In absolute terms, the largest fiscal burden was
observed in WE, accounting for approximately €7.9 bil-
lion under HCA and €0.5 billion under FCA, followed
by CEE, SE, and NE. For COVID-19 deaths used as the
mortality measure, the total public revenue burden was
lower (€11.9 billion for HCA and €0.7 billion for FCA,;
Table S5), but the regional ranking remained unchanged,
mirroring that observed for excess deaths.

Sensitivity and uncertainty analysis

The one-way deterministic sensitivity analysis indicates that
productivity loss estimates are sensitive to selected modelling
assumptions. Table 4, Panel A reports population-weighted
average percentage changes for all deterministic sensitivity
scenarios based on excess deaths (ED), and Table S6 for
COVID-19 deaths (CD). Tables S7-S10 present detailed
country-specific base-scenario losses and their variation for
ED and CD.

For FCA, assessed only for the alternative produc-
tivity measure, replacing GDP with gross value added
reduced paid productivity losses by 9.6% for ED
(Table 4) and 9.7% for CD (Table S6). Under HCA, the
largest deviations from the base scenario were observed
for the discount rate variation. Setting the discount rate
to 0% increased losses by 43.5% for ED and 46.0% for
CD, while a discount rate of 3.5% resulted in increases
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Table 3 Public finance burden
from excess mortality in 28 Euro-
pean countries, 2020-2023

Share of revenues from taxes and social
insurance contributions as a proportion of due to excess mortality (2020—
GDP* (2020-2023 average)

Public finance revenue losses

2023, total in million €)

HCA FCA
CEE - 5,241 274
Bulgaria 27.2 426 21
Czechia 32.0 609 56
Hungary 28.7 592 34
Poland 323 2,598 118
Romania 25.0 688 28
Slovakia 329 327 16
NE - 1,708 94
Denmark 41.0 78
Estonia 28.0 123 5
Finland 394 228 17
Ireland 17.9 216 6
Latvia 30.6 216 12
Lithuania 30.9 418 21
Norway 39.1 283 19
Sweden 31.7 145 11
SE - 4,781 214
Croatia 34.1 100 7
Cyprus 32,5 35 1
Greece 344 225 8
Italy 35.9 2,591 138
Malta 23.8 2 0
Portugal 33.0 317 11
Slovenia 35.0 66 4
Spain 335 1,445 44
WE - 7,940 479
Austria 38.0 433 32
Belgium 393 530 38
France 38.9 1,986 105
Germany 37.7 3,999 237
Luxembourg 33.9 -20 -1
Netherlands 34.5 1,013 68
Total - 19,670 1,061

Notes: * — sum of Value added type taxes (VAT), Excise duties and consumption taxes, Taxes on indi-
vidual or household income, Taxes on the income or profits of corporations, Net social contributions.
HCA — human capital approach; FCA — friction cost approach; CEE — Central and Eastern Europe; NE
—Northern Europe; SE — Southern Europe; WE—Western Europe. For COVID-19 results, see Table S5 in

the supplementary file

0f 10.8% for ED and 10.3% for CD. Alternative assump-
tions regarding future economic growth led to minor
changes, with losses differing from the base case by
-7.5% to 4.6% for ED and —5.5% to 3.9% for CD,
depending on the scenario. For unpaid losses, the varia-
tions were usually slightly higher than those in HCA
(Table 4 and Table S6).

Sensitivity to age-group assignment was modest.
Assuming that all deaths within each 5-year age interval
occurred at either the lower or upper bound of the interval
resulted in changes of approximately+16-19% for ED
and slightly above 20% for CD (Table 4 and Table S6).

Uncertainty arising from excess mortality estimation is
summarised in Table 4, Panel B, which reports percent-
age deviations of aggregated productivity losses across all
countries relative to the base-case estimate. At the aggre-
gate level, uncertainty ranged+90.9% for HCA,+75.3% for
FCA,+93.7% for OCAe, and+62.2% for OCAn (Table 4),
reflecting large uncertainty around total productivity losses
in all countries combined. Such aggregation was adopted to
avoid unstable and potentially misleading percentage devia-
tions at the country level arising from offsetting positive and
negative excess deaths, particularly in low-population coun-
tries; further details are provided in the Notes to Table 4.
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Table 4 Summary of deterministic sensitivity and uncertainty analysis of productivity losses from excess mortality in 28 European countries,
2020-2023

Panel A. Deterministic sensitivity analysis (assumption-based scenarios)

Population-weighted average change from BS [%)]

HCA FCA OCA employed OCA non-employed
Discount rate (BS=5%):
3.5% 10.8 n.a 11.2 12.9
0% 435 n.a 47.0 59.6
Productivity measure (BS=gross domestic product):
Gross value added -9.8 —10.6 -9.8 -9.8
Future economic growth (BS=average for EU countries):
0% for all the countries -6.4 n.a —6.6 =75
2% for all the countries 4.2 n.a 44 4.6

Age range (BS=each death occurs at the midpoint of an age-group):
Lower bound of an age-group 16.2 na 16.3 17.3
Upper bound of an age-group -17.5 n.a -17.6 -18.8

Panel B. Uncertainty analysis (propagation of excess mortality estimation uncertainty into productivity losses)

Percentage deviation of aggregated country-level losses from base-case estimate [%]
Excess mortality estimation uncertainty (BS=point estimate):
Lower 95% CI —90.9 =753 =93.7 —62.2
Upper 95% CI 90.9 75.3 93.7 62.2
Notes: Panel A reports population-weighted average percentage changes across countries under alternative modelling assumptions (deter-
ministic sensitivity analysis). Panel B reports percentage deviations of aggregated productivity losses across all countries from the base-case
estimate, obtained by propagating the 95% uncertainty intervals of excess mortality estimates. Because base-case productivity losses are close
to zero in some countries, as positive and negative excess deaths offset each other over time, percentage deviations derived from uncertainty
bounds can become extremely large, change sign, and cancel out when averaged. To avoid misleading summaries driven by this ratio instability,
productivity losses are first aggregated across all countries, and percentage deviations are then computed relative to the aggregated base-case
estimate. Accordingly, Panel A summarises population-weighted sensitivity to modelling assumptions, while Panel B quantifies uncertainty
around total losses; percentage changes across panels are therefore not comparable. Detailed country-specific results are shown in Tables S7-S8
in the Supplementary File

BS — base scenario; HCA — human capital approach; FCA — friction cost approach; OCA employed — opportunity cost approach for employed;
OCA non-employed — opportunity cost approach for non-employed (unemployed persons, students, homemakers and retired); n.a. — not appli-

cable. For COVID-19 results, see Table S6 in the supplementary file

Discussion

Our cross-country analysis of productivity losses attribut-
able to the COVID-19-related mortality in 28 European
countries provides new evidence on the economic burden
of the recent health crisis. Applying a four-year period
(2020-2023), our study analyses both the acute pandemic
and the post-pandemic endemic phases, which have rarely
been examined jointly in productivity loss studies. We
also contribute to the literature by applying a range of loss
estimation methods that account for both paid and unpaid
productivity losses. For the paid losses, we used alterna-
tives of the human capital approach and the friction cost
approach, the latter rarely applied in population-level stud-
ies on pandemic-related mortality. Additionally, we distin-
guished between losses from COVID-19 deaths and excess
deaths. The latter approach is rare in productivity loss esti-
mation [11]; yet, it deserves more attention in assessing the
true burden of the pandemic. Epidemiological literature has
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placed more emphasis on excess deaths rather than deaths
attributable directly to COVID-19 [16, 17, 45], and eco-
nomic studies would benefit from following this approach.

Productivity losses differences across
methodological approaches

Our results reveal that the COVID-19 pandemic caused a
notable economic burden in terms of productivity losses
across Europe. Paid productivity losses from excess deaths
in 20202023 were €57.6 billion under the HCA and €3.1
billion under the FCA. This disparity between the two
methods is expected, given their theoretical differences. The
FCA, which is based on a friction period [30], reflects labour
substitution and market adjustments, while the HCA assigns
the whole potential future income lost up to retirement,
reflecting the maximum value of production uncompleted
[9]. Therefore, the HCA/FCA ratio of 18.8 for excess deaths
(range across countries: 4.0-35.4) and 16.5 for COVID-19
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deaths (range: 10.2-22.3) is not surprising; a review [21]
identified a respective ratio of as much as 72 for a study on
coronary heart disease, and another study identified a ratio
of 34.4 in cancer [46].

When it comes to FCA estimates, we note that the
country- and time-specific friction periods used were
derived from pre-pandemic models [40], as no validated
estimates specific to the COVID-19 context were found.
Importantly, although the pandemic temporarily affected
labour market mechanisms in Europe, these disruptions
were neither severe nor long-lasting [47]. Consequently,
our FCA approach is likely to yield conservative estimates
of productivity losses, since pandemic-related labour
market disruptions would rather lengthen, not shorten,
worker replacement periods.

Interestingly, unpaid losses, resulting from non-market
activities, such as housekeeping and volunteering, gener-
ated a higher economic burden (€72.5 billion) than those
from paid productivity losses (€57.6 billion under the HCA)
across all the countries and years combined. There are no
COVID-19-based studies to compare this proportion; how-
ever, estimates from cancer-related mortality also prove that
unpaid losses are an important contributor to overall burden.
European estimates from 2018 cancer mortality identified
the share of unpaid losses as 49% of the total [22], while the
respective proportion in our study was 55.7% of the sum of
HCA and OCA for excess deaths and 61.6% for COVID-
19 deaths. The higher proportion of unpaid losses in our
study, compared to cancer, plausibly results from sex and
age differences in mortality between these diseases and dis-
similar methods. Yet, we shall note that for some countries,
paid losses were larger than the unpaid ones, particularly in
the excess mortality framework. This was true for most NE
states, Germany and the Netherlands, all characterised by
high employment rates and long economic activity. On the
other hand, for countries such as Italy, Spain, Poland and
Romania, the opposite was true, with unpaid losses dispro-
portionately high.

Additionally, 73% of the unpaid losses in excess mor-
tality (78% in COVID-19 mortality) resulted from deaths
among those not active in the labour market. As this group
consists largely of older adults, the figures highlight that the
elderly, who often contribute more to unpaid production,
were at high risk of mortality during the pandemic. Their
unpaid but economically significant contribution, which was
lost during the COVID-19 mortality surge, should therefore
be emphasised in assessing the real economic burden of the
virus. To date, productivity loss studies have mostly omit-
ted the unpaid losses category, and our study proves that
their magnitude is crucial, underlining the importance of
considering both paid and unpaid labour in health economic
assessments.

Importantly, for the excess mortality estimates, negative
or zero productivity losses were observed in a small num-
ber of country-sex strata, reflecting negative or null excess
mortality. Such results should be interpreted as the absence
of an excess mortality burden rather than as economic gains;
however, we reported negative values for transparency.

Finally, the proportion of COVID-19 mortality losses in
excess mortality losses in all countries and years was 61%
under HCA, 70% under FCA and 78% in unpaid losses.
Again, these shares vary across countries; e.g. with HCA,
from 16% in Estonia to 150% in Greece. These differences
reflect several factors, including varying testing capacities
across countries, but also the ability of health systems to
tackle the health crisis and populations’ vulnerability, among
others [48, 49]. In general, higher excess mortality losses
than COVID-19 mortality losses reflect what we know from
the burden of disease studies during the pandemic. Excess
mortality captures both direct COVID-19 deaths and indi-
rect mortality attributable to the crisis — from delayed care,
health system strains, and behavioural responses — offering
a more comprehensive measure of the pandemic’s mortal-
ity impact than cause-specific data alone [16, 45], and this
similarly applies to economic studies.

Comparison to previous studies

There is no direct way to compare previous estimates to our
findings, since no study used a comparable range of meth-
odological approaches. Our recent systematic review [11]
analysed 38 studies on productivity losses, but this evidence
is only partially comparable to the present figures. Using
HCA, time-normalised productivity losses from excess
mortality in eight EU countries until May 2020 (original
study [14]; time-normalised data [11]) ranged from 0% of
GDP in Germany to 0.53% in Spain. For other studies that
used different methodological approaches and time frames,
these time-normalised losses were 0.05% of GDP lost in
Germany and 2.1% in Spain [11]. Yet, these last results
from Germany refer to a longer period (until 8 Nov 2020)
than the ones from Spain (19 Apr 2020); illustrating that
loss estimates depend not only on mortality burden but also
on the period analysed. To compare these figures with our
estimates, productivity losses in Germany across four years
constituted 0.08% of GDP under HCA and 0.06% of GDP in
unpaid losses, and respective figures for Spain were 0.08%
and 0.12%. This relatively lower variability of our estimates
suggests that long-term analysis is crucial because pandemic
waves struck countries at different times, and using short
time frames may obscure the overall picture. Our long-term
approach reduces the effects of individual pandemic waves
that could otherwise inflate or deflate estimates, depending
on whether the period covered included them.
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Cross-country and temporal variation in
productivity losses

In absolute values, the highest productivity losses were
identified in the most populous countries — Germany (€10.6
billion, HCA estimates across the whole period), Poland
(€7.9 billion), Italy (€7.2 billion), France (€5.1 billion) and
Spain (€4.3 billion). This hierarchy is consistent regard-
less of the method and mortality measure used. However,
in relative terms, the burden shifts towards CEE countries
and, even more, to the three Baltic states — Lithuania, Lat-
via and Estonia. The greatest paid productivity losses were
identified in Lithuania (0.46% of GDP in HCA) and Lat-
via (0.025% in FCA), followed by Estonia and CEE states
(refers to both HCA and FCA). A similar pattern applies to
unpaid losses. This clearly reflects the higher mortality rates
during the pandemic in the CEE region and the three Baltic
states. Epidemiological studies [45, 50] consistently report
that total excess mortality rates from 2020 to 2023 in CEE
countries exceeded those of other European subregions. This
higher vulnerability of Eastern European states might arise
from lower health system resilience [51], lower vaccina-
tion uptake [52], socioeconomic factors (lower GDP, higher
poverty rates and inequalities) [45], and a population health
profile, such as a higher prevalence of chronic diseases [53].

The pattern of productivity losses across regions
highlights how the pandemic’s mortality evolved het-
erogencously across Europe. Under the excess mortality
approach, losses peaked earlier in CEE and SE (2021), later
in WE (2022), and last in NE (2023), consistent across paid
(both HCA and FCA), and unpaid losses. This staging likely
reflects the interaction of different trajectories of the spread
of COVID-19 [54], vaccination coverage [55], and strain on
health systems [56—58]. The sharp peak of losses in 2021 in
Lithuania, Latvia, Poland, and Romania, followed by sig-
nificant declines in 2023, contrasts with Finland, Norway,
and Sweden, where the productivity losses were the highest
in 2023 — consistent with a delayed excess mortality impact.
In comparison, Spain and Italy show a more even, multi-
year spread of losses, illustrating more dispersed waves.
Importantly, when considering deaths directly attributed to
COVID-19, losses peak in 2021 for all regions (with limited
2023 data), narrowing the apparent timing differences. This
divergence shows that excess mortality, by capturing both
direct and indirect effects, provides a more accurate mea-
sure of the pandemic’s true burden in both epidemiological
and economic terms.

Sex and age patterns in productivity losses

Across methods and both mortality measures, men account
for the majority of losses. This is consistent with evidence
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showing that men are at greater risk of mortality, either from
COVID-19 or most other conditions [59, 60]. The sex dis-
proportion in excess mortality is therefore not surprising
and is not exclusive to the COVID-19 pandemic, but is a
general characteristic of any excess mortality [61]. These
epidemiological differences, combined with labour market
characteristics (higher male employment and earnings in
most EU countries [62]), result in larger paid productivity
losses for men.

Age profiles in our results differ by method, reflect-
ing what theory predicts. HCA and unpaid losses among
the employed concentrate in prime working ages (40-59),
where remaining work years, participation, and productivity
are highest. FCA slightly flattens the profile because replace-
ment reduces long-term burden; therefore, losses among the
elderly are substantial here (35% of the total, compared to
16% in HCA and OCAe). Unpaid losses in non-employed
(OCAn) shifts focus-to older working ages (60—74) and
females, consistent' with higher mortality among older
adults [63] and the greater participation of women in unpaid
work [64]. Our results in terms of age and sex distribution
are in line with the systematic review (11), claiming that
losses concentrated among the middle-aged and that three-
quarters of mortality losses were due to men’s deaths.

Public finance burden - potential revenues lost

Estimates indicate a significant burden on public finance
related to pandemic mortality, with its level depending on
both the mortality measure and the valuation methodology.
The sum of potential public revenues (taxes and social con-
tributions) lost due to decreased GDP resulting from excess
mortality was €19.7 billion under HCA and €1.1 billion
under FCA. Again, the difference between HCA and FCA is
evident; HCA considers lost future income, whereas FCA is
limited to the short-term replacement period. The regional
hierarchy remains consistent (WE>CEE >SE>NE)), reflect-
ing differences in tax rates and mortality rates. From a fiscal
policy perspective, HCA results highlight the importance of
a long-term view — preventing deaths among working-age
populations preserves future tax revenues.

Stability of estimates

The robustness of the estimated productivity losses was
assessed using two complementary approaches: a determin-
istic sensitivity analysis addressing key modelling assump-
tions, and an uncertainty analysis propagating statistical
uncertainty from excess mortality estimates.

In the deterministic sensitivity analysis, results were most
sensitive to assumptions regarding the discount rate. Set-
ting the discount rate to 0% resulted in substantially higher
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losses compared to the base scenario, with increases rang-
ing 43.5-59.6% in ED. This reflects the fact that mortality-
related productivity losses accumulate in future periods and
are therefore strongly affected by discounting. In contrast,
alternative assumptions regarding productivity measure
used, future economic growth, and death assignment within
S-year age groups produced modest changes and did not
affect the substantive conclusions of the analysis.

In low-population countries, sensitivity analyses based
on excess deaths revealed very large relative deviations
under some scenarios; in Malta and Luxembourg, percent-
age changes exceeded several hundred percent under the no
discounting scenario. These extreme proportional changes
arise when positive and negative excess deaths partially off-
set each other over time, resulting in very low productivity
loss estimates in the base scenario. In such cases, even small
absolute changes can translate into large relative differences
when alternative assumptions are applied. This instability at
the country level underscores the need to interpret estimates
for small populations with caution.

Notably, accounting for uncertainty from excess mortal-
ity estimates yields wide uncertainty ranges in productivity
losses, with aggregated deviations exceeding+90% in some
valuation methods. This reflects the fact that excess deaths
were estimated using sex- and age-stratified regression
models based on small numbers of observations, resulting in
wide uncertainty intervals that are subsequently propagated
into the productivity loss estimates. Again, this issue is par-
ticularly relevant for small countries, where excess mortal-
ity models are inherently less stable. At the same time, these
uncertainty ranges should be interpreted as extreme scenar-
ios, as they reflect situations in which all countries simulta-
neously experience excess mortality corresponding to the
lower or upper bounds of the uncertainty intervals. Finally,
the excess mortality estimates underlying our analysis are
broadly consistent with findings from other cross-country
studies [26, 27], supporting the plausibility of productivity
loss results based on excess mortality base-case scenario.

Policy implications

From a policy perspective, the productivity losses estimated
here might be interpreted as a part of the broader macro-
economic impact of the pandemic. Eurostat figures show
a 5.6-percent decline in GDP in 2020 in EU-27 countries,
with respective figures of 9—10 percent in SE countries [65].
This recession was driven by multiple channels, including
containment measures, demand contractions, supply-chain
disruptions, and fiscal responses [66]. In contrast, our esti-
mates capture a specific and policy-relevant component of
this shock, i.e. losses related to reduced productivity due to
pandemic-related mortality, and thus represent only a part of

total pandemic-related GDP effects (€10.5 billion and 0.08%
of GDP lost in 2020 for HCM based on excess deaths).

Our results nevertheless have important policy implica-
tions for assessing the pandemic’s economic burden. First,
although COVID-19 most severely affected the elderly, mor-
tality among the middle-aged generated the greatest produc-
tivity losses. This is not surprising because this group is the
most productive and has the highest employment rates. As
those in their 40s and 50s combine the highest economic
contribution with increasing chronic-disease risk, disruptions
to routine care during health crises translate directly to sub-
stantial productivity losses. Ensuring continuity of routine
care (e.g. cardiovascular, oncology services) is therefore not
only a clinical priority but also an economic one.

Second, our approach that extends losses beyond retire-
ment age (up to age 75) shows that economic studies should
account for the retirement-aged population that is economi-
cally active, in terms of both paid and unpaid productivity.
Substantial losses among those over 60, combined with ris-
ing employment rates in this group and population ageing
in Europe, underscore the importance of investments in the
elderly’s health to secure future economic growth.

Third, the magnitude of unpaid losses highlights the sig-
nificant economic impacts of household production, care-
giving, and volunteer activities. In our study, the unpaid
losses exceeded those of paid work, despite using conser-
vative assumptions (minimum productivity for calculating
unpaid work instead of the average productivity applied to
paid work). Eventually, the concentration of losses among
men, particular countries, and in specific age groups inter-
acts with regional socio-economic gradients. Where excess
mortality and economic vulnerability converged (CEE and
the three Baltic states), the proportional productivity burden
was greatest. This calls for targeted investment in preven-
tive services, occupational health, and surge capacity within
the health systems of the most affected regions.

Limitations

The following caveats apply to our study. Our estimates
only report productivity losses arising from deaths attribut-
able to the pandemic, while losses from COVID-19 mor-
bidity (absenteecism, presenteeism, caregiving) might be
even higher than from mortality [4, 67]. Also, the methods
used for productivity losses estimation are not perfect. Each
method we employed, either the human capital or fric-
tion cost approaches for paid losses and the opportunity
cost approach for unpaid losses, has its own drawbacks
[9, 21]. We opted for analysing a wide range of estimation
approaches and provided a comprehensive set of estimates,
allowing readers to judge which method is most useful for
their purpose. Moreover, there are concerns regarding the
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quality of mortality data, either excess mortality or COVID-
19 mortality. For the former, there are numerous approaches
used for identifying the number of excess deaths and no
gold standard for this procedure has been established so far
[16, 68]. For COVID-19 deaths, testing capacities across
countries and time differ, making cross-country and tem-
poral comparisons challenging [69]. Moreover, the use of
population-level data might introduce bias. Individuals
dying prematurely might differ from the population average
in their economic characteristics, such as employment rates
or productivity. Given well-documented socio-economic
health disparities, this could lead to upward bias in our esti-
mates. Yet, in line with common practice in the literature,
we opted for average population values for the economic
measures used. Additionally, friction periods applied in the
FCA were derived from pre-pandemic estimates, which
potentially leads to conservative estimation of productivity
losses during the pandemic. Finally, our results for low-pop-
ulated countries are sensitive to changes in the input data
and estimates for these should be treated with caution.

Conclusions

This study of 28 European countries from 2020 to 2023
shows that the burden of productivity losses caused by pan-
demic mortality was large, highly variable across regions
and over time, and sensitive to the baseline mortality and
valuation method used. From a health and economic pol-
icy perspective, preventing deaths at both working and
older ages would yield benefits to productivity and public
revenues. At the same time, the unpaid losses experienced
should be explicitly accounted for in economic burden of
disease studies, as they are substantial. Further, high excess
mortality in CEE and the three Baltic states resulted in the
greatest economic burden on these societies; this calls for
reforms of health and social policies to mitigate threats to
economic growth in case of potential future health crises.
Finally, better-informed decisions might be made with com-
prehensive estimates of productivity losses. Using multiple
methods as we did provides a broader understanding of the
pandemic’s economic burden and supports better strategic
decision-making.
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Wstep

Pandemia COVID-19 stanowita jedno z najwiekszych wspdtczesnych wyzwan zdrowia
publicznego, ale takze Zzrédto znacznych kosztéw ekonomicznych i spotecznych. Obcigzenie
wywotane przez SARS-CoV-2 przejawiato sie nie tylko w liczbie zachorowan, hospitalizacji
i zgonodw, lecz rdwniez w utracie potencjatu produkcyjnego gospodarek oraz ograniczeniu
aktywnosci ekonomicznej ludnosci. Dlatego kompleksowa ocena skutkow pandemii wymaga
ujecia integrujgcego perspektywe epidemiologiczng i ekonomiczng. W takim ujeciu osadzona
jest niniejsza rozprawa, ktérej przedmiotem jest analiza obcigzenia zdrowotnego pandemig
COVID-19 oraz jej ekonomicznych konsekwencji, zwtaszcza w zakresie utraty produktywnosci

[1-5].

Badania epidemiologiczne dotyczgce COVID-19 dostarczyty danych, pokazujgcych
wplyw pandemii na zdrowie, zaréwno pod wzgledem umieralnosci, jak i zachorowalnosci [6,7].
Liczne analizy udokumentowaty skrdocenie oczekiwanego trwania zycia [8,9], nadmiarowg
umieralnosc¢ [2,10] czy obcigzenie zdrowotne spowodowane pandemig pod postacig lat zycia
skorygowanych o niepetnosprawnos¢ [11]. Natomiast dowody naukowe dotyczace spoteczno-

ekonomicznych konsekwencji pandemii pozostajg ograniczone.

Poza standardowymi wskaznikami epidemiologicznymi, takimi jak $miertelnos¢ czy
umieralnos¢, niezwykle przydatnym wskaznikiem oceny stanu zdrowia populacji jest
nadmiarowa umieralno$¢ oraz jej pochodne, takie jak np. nadmiarowo utracone lata zycia.
Wskazniki ilustrujgce nadmiarowe zgony sg interesujacg alternatywa dla tradycyjnych miar
epidemiologicznych, poniewaz statystyki umieralnosci z powodu COVID-19 okazaty sie
niewiarygodng miarg rzeczywistej liczby ofiar pandemii [12,13]. Wynika to z ograniczonych
mozliwosci identyfikacji zgonéw spowodowanych bezposrednio przez SARS-CoV-2, co zwykle

prowadzi do niedoszacowania umieralnosci z powodu pandemii COVID-19 [2,14].

Nadmiarowa umieralnos¢ jest definiowana jako rdznica miedzy umieralnosciag
obserwowang a oczekiwang (bazowa), przy czym ta druga reprezentuje sytuacje hipotetyczng,
w ktérej pandemia nie wystgpitaby [15-20]. Pomimo atrakcyjnosci koncepcyjnej i prostej
interpretacji, szacowanie nadmiarowej umieralnosci napotyka wiele wyzwan. W szczegdélnosci

wybory metodyczne dotyczgce prognozowania umieralnosci znaczgco wptywajg na wyniki,
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prowadzgc do réznych szacunkdédw nadmiarowej umieralnosci w réznych badaniach. Wybory
dotyczgce zastosowanej miary umieralnosci, metod statystycznych, okresow referencyjnych
(bazowych) oraz zastosowanych rdéznych czestotliwosci danych czasowych (dane dziennie,

tygodniowe, miesieczne czy roczne) prowadzg do istotnego zréznicowania wynikéw [21,22].

W zakresie obcigzenia ekonomicznego, jednym z niedostatecznie zbadanych obszaréw
pandemii COVID-19 jest oszacowanie strat produktywnosci (kosztow posrednich)
wynikajgcych z tego kryzysu [23]. Oszacowanie strat produktywnosci, ktdre reprezentuja
potencjalng produkcje ekonomiczng niewytworzong z powodu problemdéw zdrowotnych, jest
kluczowym narzedziem oceny obcigzenia ekonomicznego chorobami. Straty te obejmujg
koszty zaréwno umieralnosci, jak i zachorowalnosci, i sg identyfikowane jako niewykonana
produkcja w gospodarce formalnej i nieformalnej (np. prowadzenie gospodarstwa domowego,
wolontariat). W zwigzku z tym szacunki strat produktywnosci dostarczajg informaciji

uzupetniajgcych do badan epidemiologicznych [24-26].

Badania epidemiologiczne szacujg wptyw danego czynnika na zdrowie, analizy strat
produktywnosci przektadajg natomiast te skutki na warunki ekonomiczne, kwantyfikujgc straty
spowodowane zachorowalnoscig i przedwczesng umieralnoscia w wymiarze pienieznym.
Chociaz te dwa podejscia roznig sie koncepcyjnie, razem dostarczajg bardziej kompleksowej

oceny spotecznego obcigzenia chorobami.

Niniejsza rozprawa taczy trzy komplementarne perspektywy badawcze: synteze
dotychczasowej wiedzy o stratach produktywnosci zwigzanych z pandemia, analize
nadmiarowej umieralnosci i utraconych lat zycia oraz oszacowanie strat produktywnosci
wynikajacych z przedwczesnych zgondéw. Taki uktad pozwala przej$s¢ od rozpoznania stanu
badan, przez pomiar obcigzenia zdrowotnego, do oceny jego konsekwencji ekonomicznych,

tworzgc spdjng i wielowymiarowg ocene skutkéw pandemii COVID-19.
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Cele pracy

Gtéwnym celem pracy jest ekonomiczna i epidemiologiczna ocena obcigzenia
umieralnoscig spowodowang pandemig COVID-19 w 28 krajach europejskich w latach 2020-

2023.
Sformutowano trzy cele szczegétowe:

1. Usystematyzowanie i krytyczna ocena dotychczasowych dowoddéw naukowych
dotyczacych strat produktywnosci zwigzanych z problemami zdrowotnymi wywotanymi
pandemig COVID-19 na podstawie populacyjnych badan wtérnych z réznych krajow.

2. Okreslenie skali obcigzenia epidemiologicznego zwigzanego z pandemia COVID-19
w 28 krajach europejskich w latach 2020-2023 na podstawie miar zgonéw z powodu
COVID-19 oraz nadmiarowych zgondw, w zakresie liczby i czestos$ci zgondw, utraconych
lat zycia oraz utraconych lat potencjalnie produktywnego zycia.

3. Okreslenie skali obcigzenia ekonomicznego zwigzanego z umieralnoscia przypisywanag
pandemii COVID-19 w 28 krajach europejskich w latach 2020-2023 poprzez
oszacowanie strat produktywnos$ci oraz skutkéw dla finanséw publicznych

wynikajacych zaréwno ze zgondw z powodu COVID-19, jak i z nadmiarowych zgondw.

Materiat i metody

W niniejszej czesci zaprezentowano podstawy metodyczne oraz charakterystyke
materiatu badawczego wykorzystanego w trzech publikacjach wtaczonych do rozprawy.
Kolejno omdéwiono podejscie zastosowane w przegladzie systematycznym, badaniu obcigzenia
epidemiologicznego oraz analizie ekonomicznych nastepstw umieralnosci zwigzanej

z pandemig COVID-19.
Przeglad wczesniejszych wynikéw badan

Pierwszg opublikowang pracg z cyklu jest przeglad systematyczny zatytutowany
,Productivity Losses due to Health Problems Arising from COVID-19 Pandemic: A Systematic

Review of Population-Level Studies Worldwide”. Do przygotowania publikacji zostaty uzyte
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wytyczne PRISMA (Preferred Reporting for Systematic Reviews and Meta-Analyses) [27].
Protokot przegladu zostat prospektywnie zarejestrowany w PROSPERO (numer rejestracyjny

CRD42023478059), rejestrze protokotéw przeglagddw systematycznych z zakresu zdrowia.

Kryteria wilgczenia do przegladu: wtdérne populacyjne badania ilosciowe,
wykorzystujgce wszystkie metody szacowania strat produktywnosci wynikajacych z pandemii

COVID-19.

Kryteria wykluczenia z przegladu: badania ograniczone do okreslonych subpopulacji
(np. pacjentow szpitalnych, ambulatoryjnych i pracownikéw) lub sektoréw gospodarki/branz,
badania jakosciowe, artykuty redakcyjne, komentarze, poglady, opinie, listy i rozprawy.

Badania wykorzystujgce koncepcje wartosci statystycznego zycia (value of statistical life).

Do pordéwnania strat produktywnosci miedzy witgczonymi badaniami zastosowano
nastepujgce podejscie. Po pierwsze, wyodrebniono dane ilosciowe z kwalifikujgcych sie badan
i wykluczono te, ktore nie zawieraty wystarczajgco szczegétowych danych. Po drugie, aby
porownac straty w czasie i rédznych walutach oraz wyrazié straty jako udziat w produkcie
krajowym brutto (PKB), wykorzystano dane Miedzynarodowego Funduszu Walutowego
dotyczgce stop inflacji, kurséw wymiany walut, parytetéw sity nabywczej i PKB [28], przyjmujac
rok 2020 jako bazowy. Po trzecie, aby uwzglednié fakt, ze kilka badan przedstawito szacunki
strat dla okreséw innych niz petne lata, przy obliczaniu udziatu utraconego PKB zastosowano
proporcjonalny stosunek PKB do danego okresu. Po czwarte, aby wyniki byty bardziej
porownywalne w czasie, zannualizowano straty raportowane w oryginalnych badaniach. Po
piagte, aby umozliwi¢ doktadniejsze poréwnanie miedzy badaniami, dostosowano kategorie

wiekowe podane w badaniach zrédtowych do trzech przedziatéw: 0-39 lat; 40-59 lat i 60+ lat.

Analiza obcigzenia epidemiologicznego

Drugim badaniem z cyklu jest praca pod tytutem , Beyond death counts: how COVID-
19 affected excess mortality and productive life-years lost across 28 European states, 2020-
2023” dotyczaca obcigzenia epidemiologicznego wynikajgcego z pandemii. W tym badaniu
wykorzystano roczne dane Eurostatu [29-31] dotyczgce umieralnosci oraz populacji z 28

panstw europejskich (27 krajéw Unii Europejskiej (EU) oraz Norwegia) do oszacowania
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nadmiernego obcigzenia zdrowotnego w 5-letnich grupach wiekowych w zaleznosci od pici

w latach 2020-2023.

Wykorzystano trzy miary odnoszgce sie do nadmiernego obcigzenia zdrowotnego.
Pierwszg jest liczba nadmiarowych zgondéw (eD - excess deaths), zdefiniowana jako réznica
miedzy liczbg obserwowanych zgondéw a liczbg zgondw oczekiwanych w przypadku braku
pandemii. Wskaznik ten zapewnia petniejszy obraz wptywu pandemii wykraczajacy poza
zaraportowane zgony z powodu COVID-19 [32]. Druga miara to nadmiarowo utracone lata
zycia (eYLL - excess Years of Life Lost); ta miara opiera sie na wskazniku utraconych lat zycia
(Years of Life Lost), ktéry jest miarg zdrowia publicznego, ktéry kwantyfikuje wptyw
przedwczesnej umieralnosci poprzez przypisywanie wiekszej wagi zgonom w mtodszym wieku.
Wskaznik ilustruje liczbe lat, ktére osoby przezytyby, gdyby nie zmarty przedwczesnie [33,34].
Trzecia miara - nadmiarowo utracone lata potencjalnie produktywnego zycia (eYPPLL - excess
Years of Potential Productive Life Lost) opiera sie na wskazniku utraconych lat potencjalnie
produktywnego zycia (Years of Potential Productive Life Lost), skupiajgcym sie na
ekonomicznych i spotecznych konsekwencjach przedwczesnej umieralnosci w populacji
w wieku produkcyjnym [35]. Dodatkowo dla eD, eYLL i eYPPLL obliczono wskazniki

standaryzowane wiekiem na 100.000 ludnosci, stosujgc standardowg populacje europejska.

Bioragc pod uwage szacowanie nadmiarowej umieralnosci, nalezy podkresli¢, ze nie
istnieje ztoty standard metodyczny, a wybor metody zalezy od czestotliwosci obserwacji (od
dziennych do rocznych), liczby uzytych obserwacji czy dtugosci okresu referencyjnego [36]. Do
prognozowania umieralnosci bazowej 2020-2023, zastosowano regresje metoda
najmniejszych kwadratow (KMNK), zgodng z wczes$niejszymi badaniami nad nadmiarowg
umieralnoscig [37-40], ze wspoétczynnikami umieralnosci (liczba zgonéw na 100.000 ludnosci)
regresowanymi wzgledem zmiennej czasowej (rok). Zastosowano 95% przedziaty ufnosci.
Oczekiwane zgony w latach 2020-2023 wyznaczono poprzez pomnozenie oczekiwanych
wspotczynnikdw umieralnosci przez obserwowang liczebno$é populacji [32], a nadmiarowg
umieralnos¢ w latach 2020-2023 obliczono jako réznice miedzy wartosSciami obserwowanymi
a oczekiwanymi. W przypadku oszacowania eYLL, wykorzystano szacunki nadmiarowych
zgondw i oczekiwang dtugos¢ zycia (LE) sprzed pandemii w 2019 roku [41]. Aby oszacowac
eYPPLL, zamiast LE wykorzystano dtugosé okresu pracy dla kazdego kraju w podziale na pteé

(46).

71



Przeprowadzono analize wrazliwosci dla nadmiarowej umieralnosci w zakresie
alternatywnych specyfikacji modelu podstawowego oraz alternatywnego podejscia
prognostycznego (zastosowano modele ARIMA (AutoRegressive Integrated Moving Average)
oraz ETS (Exponential Smoothing)). W przypadku eYLL zbadano odpornosé¢ wynikéw na
alternatywne zatozenie dotyczgce oczekiwanej dtugosci zycia. W przypadku eYPPLL zbadano
stabilnos$¢ wynikow zastepujgc wiek wejscia i wyjscia z rynku pracy w zaleznosci od kraju i pfci

statg dtugoscia zycia zawodowego od 20 do 64 roku zycia.

Analiza obcigzenia ekonomicznego

Trzecim badaniem z cyklu jest praca pod tytutem ,,Paid and unpaid productivity losses
across 28 European countries due to excess deaths and COVID-19 deaths from 2020 to 2023”
dotyczgca obcigzenia ekonomicznego wynikajgcego z pandemii. W tym badaniu wykorzystano
retrospektywne, populacyjne dane oraz perspektywe spoteczng [44,45] do oszacowania strat
produktywnosci (kosztéw posrednich) zwigzanych z umieralnoscig przypisywang pandemii

COVID-19 w 28 krajach europejskich (kraje UE oraz Norwegia) w latach 2020-2023.

Do zdefiniowania umieralnosci zwigzanej z COVID-19 zastosowano dwa alternatywne
podejscia: (a) zgony raportowane z kodem ICD-10 UO7 jako przyczyna zgonu oraz (b)
nadmiarowe zgony oszacowane w ramach analizy epidemiologicznej bedgcej czescig tej
rozprawy. W przypadku obu podejs¢ oszacowano straty produktywnosci w gospodarce
formalnej i nieformalnej [46]. Jako miare produktywnosci zastosowano PKB na pracownika
skorygowany o parytet sity nabywczej [47]. W przypadku szacunkéw metodg kapitatu ludzkiego
(HCA - human capital approach) i metodg kosztu alternatywnego (OCA - opportunity cost
approach) zastosowano 5-procentowg stope dyskontowg. Dodatkowo, aby uwzgledni¢ wptyw
przysztego wzrostu gospodarczego w badanych krajach, wykorzystano srednie unijne wskazniki
wzrostu PKB na pracownika w nadchodzacych dekadach [43]. W przypadku metody kosztéw
frykcyjnych (FCA - friction cost approach) nie zastosowano dyskontowania ani korekty wzrostu
gospodarczego, poniewaz w tej metodzie straty trwajg krocej niz rok. Wszystkie straty
wyrazono w cenach statych, przyjmujgc rok 2020 za rok bazowy oraz stosujgc zharmonizowany

wskaznik cen konsumpcyjnych jako deflator [48].

W przeciwienstwie do wiekszosci badan dotyczacych kosztow posrednich zwigzanych

z COVID-19 [25,49,50] w tym badaniu uwzgledniono zgony w wieku przedprodukcyjnym (grupy
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wiekowe 0-4, 5-9, 10-14). Wynika to z faktu, iz osoby umierajagce w mtodym wieku z czasem
wesztyby na rynek pracy, a potencjalna strata produktu gospodarczego spowodowana tymi
zgonami powinna zosta¢ przeanalizowana (po uwzglednieniu oczekiwanych wskaznikow
zatrudnienia i zdyskontowanej wartosci przysztej produktywnosci). Do obliczenia okresu
frykcyjnego wykorzystano metode z badania Hanly i in. [51]. Stosujagc metode bazowa (1BC),
ustalono odpowiednie okresy frykcyjne dla danego roku i kraju. Szacunki strat produktywnosci
oparte na metodzie FCA ograniczono do populacji w wieku 15-74 lat, co oznacza, ze populacja
przedprodukcyjna zostata wytaczona. Zgodnie z Ortega-Ortega i in. [46] podzielono
nieodptatng produkcje na kategorie w oparciu o pte¢, grupy wiekowe oraz status zatrudnienia.
W przypadku oséb w kategorii pracujgcych wyciggnieto srednig z czasu poswieconego na prace
nieodptatng przez osoby pracujgce w petnym i niepetnym wymiarze godzin. Dla populacji
niepracujgcej usredniono czas pracy nieodptatnej wykonywanej przez bezrobotnych,
studentdéw, osoby zajmujgce sie domem oraz emerytéw. Aby okresli¢ wartos¢ ekonomiczng
utraconej produkcji nierynkowej odwotano sie do czasu utraconego w gospodarce formalnej
i jego wyceny w PKB. Zatozono, ze praca nieodpfatna jest mniej produktywna niz dziatalnos¢
rynkowa. Wynika to z faktu, ze wiekszo$é aktywnosci domowych to te, ktére mozna zastgpic
pracg opfacang stawkami blizszymi ptacy minimalnej, a nie przecietnej. Dlatego, zgodnie
z tyszczarz [52], minimalng produktywnosé¢ wyznaczono jako iloraz ptacy minimalne;j

i Sredniego wynagrodzenia w poszczegdlnych gospodarkach.

Oprocz analizy strat produktywnosci zobrazowano réwniez, w jaki sposéb straty te
wptywajg na potencjalne przychody finanséw publicznych. Spadek podazy pracy wynikajgcy
z przedwczesnej umieralnos$ci prowadzi do zmniejszenia catkowitej wytworzonej produkgcji.
Spadek potencjalnego PKB skutkuje z kolei obnizeniem dochodéw ludnosci i nizszym
spozyciem, co w konsekwencji uszczupla przychody publiczne poprzez redukcje potencjalnych
wplywéw z podatkéw dochodowych i konsumpcyjnych oraz sktadek na ubezpieczenie
spoteczne. Taka analiza ilustruje potencjalne straty w przychodach finanséw publicznych, ktére
mozna przypisa¢ spadkowi PKB wywotanemu pandemig. W analizie wykorzystano dane
Eurostatu [53] dotyczace udziatu w PKB dochoddéw z czterech najwazniejszych podatkow
(podatku dochodowego od 0séb fizycznych, podatku dochodowego od oséb prawnych, akcyzy

oraz podatku od towardw i ustug) oraz sktadek na ubezpieczenia spoteczne [1,54].
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Przeprowadzono dwie analizy wrazliwosci w celu oceny stabilnosci szacunkéw: (a)
deterministyczng analize wrazliwosci, dotyczgcg kluczowych zatozert modelowania; (b) analize
niepewnosci, okreslajgca iloSciowo niepewnos¢ statystyczng danych wejsciowych dotyczacych

nadmiarowej umieralnosci.

Wyniki
Przeglad wczesniejszych wynikéw badan

W wyniku przeszukania baz danych (Medline, Embase, Scopus, Web of Science, Econlit,
WHO COVID-19 Research Database oraz EuropePMC) zidentyfikowano 15.588 rekordow.
tacznie 9.621 rekorddéw zostato usunietych w procesie deduplikacji. Do oceny petnotekstowej
wybrano 52 badania. Ostatecznie 22 z nich spetnity kryteria wtaczenia. Identyfikacja badan
metodami alternatywnymi, takimi jak przeszukiwanie szarej literatury i sledzenie cytowan,
pozwolita na zidentyfikowanie 4.188 rekorddéw, a po wstepnym etapie selekcji do analizy
petnotekstowej wybrano 87 pozycji. Po tym etapie do przegladu zakwalifikowano 16
artykutéw. Ostatecznie kryteria wtgczenia spetnito 38 badan. Analiza 96 odrebnych szacunkow
dla poszczegblnych krajow i regionéw wykazuje duze zrdinicowanie w poziomie strat
produktywnosci wywotanych pandemia. Najwyzszy odnotowany uszczerbek, siegajgcy 10,36%
PKB w przypadku Chin, wynikat niemal w catosci (99,9%) z kosztéw izolacji (lockdownu), a nie
bezposrednich skutkéw zdrowotnych spowodowanych wirusem. Wytaczajac ten ekstremalny
przypadek, typowe straty dla wiekszosci badanych panstw byty znacznie nizsze i w 2/3
przypadkow nie przekraczaty 0,1% PKB. Wyzsze wskazniki, oscylujgce wokét 0,5%-2,1% PKB,

raportowano gtéwnie w krajach takich jak Hiszpania, Wtochy, Wielka Brytania czy USA.

Wyniki przeglagdu sugerujg, ze istnieje wyrazna zaleznos$¢ miedzy poziomem zamoznosci
panstwa a wysokoscig generowanych strat. Kraje o wysokim dochodzie tracity srednio 0,6%
PKB, podczas gdy w krajach o niskim dochodzie udziat ten byt sladowy i wynosit Srednio
0,007%. Podobng dysproporcje wida¢ w kosztach przypadajacych na jeden zgon - od ponad
470 tys. IntS (dolaréw miedzynarodowych) w Hiszpanii do wartos$ci ponizej 10 tys. IntS w wielu
krajach Afryki. Co ciekawe, mimo ze zgony generujg duze straty produktywnosci, w niektdrych

analizach to skumulowane koszty absencji chorobowej okazaty sie wyzsze niz catkowite koszty
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posrednie przedwczesnej umieralnosci. Pod wzgledem demograficznym najwieksze obcigzenie
ekonomiczne generowata grupa wiekowa 40-59 lat. Struktura ta rézni sie jednak w zaleznosci
od zamoznosci regionu: w krajach bogatych 65% strat z tytutu umieralnosci przypadato na
osoby starsze, podczas gdy w krajach ubozszych znaczacy udziat (25%) miaty osoby mtode, do
39. roku zycia. Analiza wedtug ptci wskazuje na wyrazng dominacje mezczyzn, ktorzy
odpowiadali za ponad 75% catkowitych strat wynikajgcych ze zgondw, co byto tendencjg spdjng

dla wszystkich grup dochodowych.
Analiza obcigzenia epidemiologicznego

W latach 2020-2023 w 28 panstwach europejskich odnotowano tacznie 1.540.034
nadmiarowych zgondéw z wyraznym szczytem w 2021 roku. Analiza wynikdw wskazuje na
istotne zréznicowanie geograficzne w zakresie zgondw nadmiarowych. Najwieksze obcigzenie
takimi zgonami poniosta Europa Srodkowo-Wschodnia (CEE - Central and Eastern Europe),
gdzie standaryzowany wspoéfczynnik umieralnosci wynidst 190 na 100.000 ludnosci, trzykrotnie
przewyzszajgc parametry notowane w zachodniej i pétnocnej czesci kontynentu. Choc
w liczbach bezwzglednych najwiecej zgondw zidentyfikowano w duzych populacjach Wtoch,
Polski, Niemiec, Francji oraz Hiszpanii, to w ujeciu wzglednym najwyzszg czteroletnia
nadmiarowg umieralno$¢ odnotowano w Butgarii, Rumunii i Stowacji. Zaobserwowano
zréznicowanie dotyczace ptci - wiekszos¢ zmartych stanowili mezczyzni (54,8%), dla ktdérych
sredni wskaznik nadmiarowej umieralnos$ci (127 zgondéw na 100 tys. ludnosci) byt ponad
dwukrotnie wyzszy niz w przypadku kobiet (61). Zaobserwowano réwniez specyficzng
dynamike czasowa. Podczas gdy w wiekszosci krajow rok 2021 byt okresem krytycznym,
w panstwach takich jak Niemcy, Austria czy Francja to rok 2022 wigzat sie z najwyzszymi
wskaznikami zgondéw. Ostatni rok badanego okresu przynidst zmniejszenie umieralnosci
nadmiarowej, szczegélnie w Europie Srodkowo-Wschodniej, gdzie odnotowano wartosci
ujemne, przy jednoczesnym utrzymywaniu sie relatywnie wysokiej umieralnosci w krajach

wczesniej dotknietych w stopniu umiarkowanym, takich jak Finlandia czy Holandia.

W analizowanym okresie 2020-2023 skumulowana nadmiarowa umieralnos¢ oznaczata
strate blisko 16,7 mIin nadmiarowo utraconych lat zycia (eYLL), wykazujgc scistg korelacje
czasowqg z dynamikg nadmiarowych zgondéw (eD) i réwniez osiggajac szczyt w 2021 roku.

Najwyisze straty w obszarze zgondéw przedwczesnych odnotowano w Europie Srodkowo-
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Wschodniej (34,6% ogoétu eYLL), co wynikato z wyzszej umieralnosci oséb w wieku
przedemerytalnym. Tu réwniez zaobserwowano asymetrie w odniesieniu do ptci - mezczyzni
generowali 58% catkowitego wskaznika eYLL, a ich standaryzowany wspétczynnik (1.304 na 100
tys. ludnosci) niemal dwukrotnie przewyzszat wartosci oszacowane dla kobiet. Analiza
poréwnawcza panstw wykazata réznice w obcigzeniu populacyjnym: od skrajnie wysokich
wskaznikdw w Butgarii, Litwie i Stowacji, po minimalne straty w Luksemburgu i krajach
skandynawskich. Cho¢ rok 2023 przynidst w wiekszosci regiondw (w tym w Butgarii i Rumunii)
obnizenie wspétczynnika eYLL, w Szwecji, odnotowano wzrost wskaznika, co stanowi istotne

odstepstwo od ogdlnoeuropejskiej tendencji spadkowe;j.

Wptyw pandemii na populacje w wieku produkcyjnym (20-64 lata) skutkowat utrata
blisko 2 mIn nadmiarowo utraconych lat potencjalnie produktywnego zycia (eYPPLL), co
stanowito 12% eYLL. Analiza rozktadu geograficznego wskazuje na szczegdlng sytuacje krajow
Europy Srodkowo-Wschodniej, ktére wygenerowaty az 41% strat w tej populacji, przy czym
najwiekszy udziat bezwzgledny odnotowano w Polsce (376,6 tys. eYPPLL). Cho¢ szczyt
obcigzenia przypadt na rok 2021, a w 2023 roku nastgpito gwattowne wyhamowanie
umieralnosci, region ten cechowat sie najwyzszymi wskaznikami wzglednymi, osiggajac na
Litwie, totwie i w Butgarii poziomy wyzsze niz w Europie Pétnocnej i Zachodniej. Odnotowano
wiekszg dysproporcje ptciowg niz w przypadku dwodch pozostatych wskaznikow
epidemiologicznych: mezczyzni odpowiadali za ponad 75% catkowitych strat eYPPLL, a ich
standaryzowany wspoétczynnik (252 na 100 tys. ludnosci) ponad dwukrotnie przewyzszat
wartosci oszacowane dla kobiet. Tendencja ta byfa szczegdlnie wyrazna w takich krajach jak
Finlandia, Szwecja i Austria, gdzie u kobiet odnotowano wartosci ujemne, co wskazuje na

nizszg umieralnos¢ w wieku produkcyjnym od prognozowane;.

Analiza trzech miar nadmiarowej umieralnosci w badanym okresie ujawnia wyrazny
gradient wiekowy. Gtdwny ciezar nadmiarowej umieralnosci spoczat na osobach powyzej 60.
roku zycia. Podczas gdy w najmtodszych kohortach (0-14 lat) odnotowano spadek
umieralnosci, w grupach starszych dominowata nadmiarowa umieralnos¢, przy czym
w kategorii powyzej 85. roku zycia wystgpita wyrazna przewaga zgonow kobiet. Z perspektywy
eYLL punkt ciezkos$ci w stosunku do nadmiarowych zgondw przesunat sie z grupy najstarszej na
kohorty 65-69 oraz 75-79 lat. Szczegdlng tendencjg odnotowang w latach 2020-2023 jest

progresywny wzrost udziatu oséb miodszych w strukturze strat. W tych latach zaobserwowano
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progresywny wzrost udziatu oséb ponizej 60. roku zycia w strukturze eYLL. W analizowanym
okresie odsetek ten wzrdst ponad dwukrotnie wsréd mezczyzn (z 20,0% do 44,7%), natomiast
w grupie kobiet zwiekszyt sie z poziomu 9,8% do 14,1%. Tendencja ta znalazta odzwierciedlenie
rowniez w eYPPLL, gdzie mimo poczatkowej dominacji oséb w wieku 45+, z biegiem czasu
znacznie zwiekszyt sie udziat grupy ponizej 45. roku zycia - w ostatnim roku analizy

odpowiadata ona za 64,4% strat u mezczyzn i az 80,9% u kobiet.
Analiza obcigzenia ekonomicznego

Catkowite straty produktywnosci w gospodarce formalnej wynikajgce z nadmiarowych
zgondéw (eD) w latach 2020-2023 we wszystkich 28 krajach tgcznie wyniosty 57,6 mld € dla
metody kapitatu ludzkiego (HCA) oraz 3,1 mld € dla metody kosztow frykcyjnych (FCA).
Szacunkowe straty w produktywnosci w gospodarce nieformalnej okazaty sie wyzsze, osiggajac
w tgczonych szacunkach (straty w grupie pracujgcej (OCAe) oraz niepracujgcej (OCAn)) tacznie
72,5 mld €. Straty przypisywane zgonom COVID-19 (CD) byty nizsze we wszystkich metodach
wyceny (np. 35,0 mld € dla HCA), zachowujac jednak te samg hierarchie wynikdw. W miarach
wzglednych, straty produktywnosci w gospodarce formalnej w modelu HCA dla eD wyniosty
Srednio 0,10% PKB (w zakresie od -0,03% do 0,46%), a dla CD 0,06% PKB (od 0,01% do 0,28%).
W metodzie FCA srednie straty byty znacznie mniejsze i wyniosty odpowiednio 0,005% dla eD
oraz 0,004% dla CD. Podobny wzorzec zaobserwowano w gospodarce nieformalnej, przy czym

w populacji biernej zawodowo straty zazwyczaj byty wyzsze niz wsrdd zatrudnionych.

Niezaleznie od metody wyceny, relatywne straty wykazywaty wyrazny gradient
geograficzny. Wyzsze obcigzenie wzgledne koncentrowato sie w krajach Europy Srodkowe;j
i Wschodniej oraz w trzech panistwach pétnocnych - Estonii, Litwie i totwie. Z kolei kraje Europy
Zachodniej i nordyckie odnotowaty zazwyczaj mniejsze, a w niektérych przypadkach (jak Malta
i Luksemburg) ujemne straty produktywnosci. Dodatkowo wyniki analizy wskazujg na wyrazne
zréznicowanie czasowe strat w poszczegdlnych krajach i regionach. W przypadku eD kraje CEE
oraz Europy Potudniowej odnotowaty kumulacje strat w 2021 roku, po ktdrej nastgpit wyrazny
spadek, prowadzacy do wartosci ujemnych w 2023 roku w krajach CEE. Odmienng trajektorie
zaobserwowano w Europie Zachodniej, gdzie szczyt strat przypadt na rok 2022, oraz w Europie
Pétnocnej (szczegdlnie w Finlandii, Norwegii i Szwecji), gdzie najwyzsze obcigzenie wystgpito

w 2023 roku. Zgota inaczej prezentowaty sie dane dotyczace CD - w tym przypadku obcigzenie
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stratami produktywnosci byto najwyzsze w 2021 roku we wszystkich regionach (przy czym

dane za rok 2023 byty niedostepne dla wiekszosci krajow).

Dane w podziale na pteé ujawniajg znaczng dysproporcje, wskazujgc na mezczyzn jako
grupe generujgcg wiekszos¢ strat produktywnosci we wszystkich podejsciach wyceny i miarach
umieralnosci. W ramach metod HCA oraz FCA, nadmiarowe zgony mezczyzn odpowiadaty za
82% strat, natomiast w przypadku zgonéw COVID-19 wskaznik ten wynidst 76%. W obszarze
strat w gospodarce nieformalnej réznice miedzy ptciami byty mniejsze, lecz wcigz znaczace:
wsréd oséb pracujgcych mezczyzni wygenerowali 74% strat dla eD oraz 66% dla CD. W grupie
0sOb niepracujacych rozktad miedzy ptciami byt bardziej proporcjonalny, jednak udziat
mezczyzn nadal pozostawat wyzszy. Wzorce specyficzne dla wieku réznity sie w zaleznosci od
przyjetej metody wyceny kosztéw posrednich. Przy HCA oraz OCAe straty produktywnosci
koncentrowaty sie w populacji w wieku 40-59 lat, ktdra odpowiadata za wiekszos¢ strat
zarowno dla eD, jak i CD. Metoda FCA wykazata podobny profil, jednak z wiekszym relatywnym
udziatem starszej grupy wiekowej (60-74 lata). W przeciwienstwie do powyzszych, przy
stratach osob niepracujgcych (OCAN) straty byty najwyzsze w grupie wiekowej 60-74 zaréwno

dla eD, jak i CD.

Straty produktywnosci w przeliczeniu na mieszkarica wykazywaly wyraZzne
zréznicowanie miedzy krajami oraz wysoce spdjng hierarchie we wszystkich podejsciach
metodycznych wyceny. Najwyzisze straty per capita, zarowno dla eD, jak i zgonéw CD,
koncentrowaty sie w krajach Europy Srodkowo-Wschodniej oraz w trzech krajach battyckich,
niezaleznie od tego, czy analizowano straty w gospodarce formalnej, czy nieformalne;j.
W krajach nordyckich (Norwegia, Finlandia, Szwecja, Dania) oraz matych gospodarkach, takich

jak Luksemburg i Malta, obserwowano znacznie nizsze straty w przeliczeniu na mieszkanca.

Obcigzenie finanséw publicznych wynikajgce z nadmiarowych zgondéw, zsumowane dla
wszystkich krajow i lat, wyniosto 19,7 mid € dla HCA oraz 1,1 mld € dla FCA. W ujeciu
bezwzglednym najwieksze obcigzenie fiskalne odnotowano w Europie Zachodniej. Kolejne
miejsca zajety Europa Srodkowo-Wschodnia, Europa Potudniowa oraz Europa Pétnocna.
W przypadku CD, catkowite obcigzenie dochodéw publicznych byto nizsze (11,9 mld € dla HCA
i 0,7 mld € dla FCA), jednak ranking regionalny pozostat bez zmian.
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Ograniczenia badan

Przeprowadzone badania majg charakter nowatorski i wnoszg wktad do wiedzy na
temat epidemiologicznych i ekonomicznych konsekwencji pandemii COVID-19, jednak ich
wyniki nalezy interpretowac z uwzglednieniem pewnych ograniczen. Ograniczenia te wynikaja
zaréwno z przyjetych zatozen metodycznych, jak i z charakteru oraz dostepnosci danych

wykorzystanych w poszczegdlnych analizach.

W przypadku publikacji | nalezy zachowac¢ ostroznos$¢ przy poréwnywaniu danych
miedzy poszczegdlnymi badaniami ze wzgledu na rdéznorodnos¢ specyficznych zatozen
metodycznych badan wigczonych do przegladu. W przypadku wiekszosci badanych prac okres
objety szacunkami ogranicza sie do roku 2020, co uniemozliwia wyciggniecie dtugo- lub nawet
Srednioterminowych wnioskow dotyczgcych obcigzenia ekonomicznego wynikajacego
z pandemii. Ponadto, wiekszos¢ badan dotyczyta $miertelnosci z powodu COVID-19, rzadko

natomiast uwzgledniano nadmiarowg umieralnosc.

Gtéwnym ograniczeniem badania Il jest wykorzystanie danych rocznych co prowadzito
do wyboru klasycznej metody najmniejszych kwadratéw do prognozowania umieralnosci
w latach 2020-2023. W konsekwencji przedziaty ufnosci dla szacunkéw umieralnosci sg dos¢
szerokie. Po drugie, szacunki dla krajéw o matej liczbie ludnosci sg obcigzone wiekszym
ryzykiem btedu, poniewaz niewielka liczba zgondéw prowadzi do wiekszej niepewnosci
statystycznej i zwiekszonego ryzyka wptywu losowych wahan na uzyskane wyniki. Kolejnym
istotnym zastrzezeniem jest fakt, ze odnotowana w 2023 roku nadmiarowa umieralnos¢ moze
wynika¢ nie tylko z nastepstw pandemii, ale takze z czynnikdw zewnetrznych, takich jak

ekstremalne warunki pogodowe czy obcigzenie systemow opieki zdrowotne;.

W badaniu Il nalezy uwzglednié nastepujgce zastrzezenia. Wyniki dotyczg jedynie strat
produktywnosci wynikajgcych ze zgondw przypisywanych pandemii, podczas gdy straty
z tytutu zachorowalnosci na COVID-19 (absencja chorobowa, prezenteizm, opieka nad
chorymi) mogg by¢ nawet wyzsze niz te wynikajgce z umieralnosci. Kazda z wykorzystanych
metod szacowania kosztéw posrednich posiada wtasne ograniczenia. W przypadku zgonow
bezposrednio przypisanych COVID-19 wydajnos¢ systemoéw testowania rdzni sie w zaleznosci

od kraju i czasu, co utrudnia poréwnania miedzynarodowe i czasowe. Ponadto, wykorzystanie
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danych na poziomie populacyjnym moze wprowadzaé bfad systematyczny. Osoby umierajgce
przedwczesnie mogg rozni¢ sie od Sredniej populacyjnej pod wzgledem charakterystyk
ekonomicznych, takich jak wskazniki zatrudnienia czy produktywnosé. Biorgc pod uwage
dobrze udokumentowane spoteczno-ekonomiczne dysproporcje w stanie zdrowia, mogto to
prowadzi¢ do przeszacowania wynikdw. Dodatkowo, do obliczenia okreséw frykcyjnych
zastosowano model z szacunkéw przedpandemicznych. W koncu, wyniki dla krajow o matej

liczbie ludnosci sg mniej stabilne, w zwigzku z czym szacunki te nalezy traktowac z ostroznoscia.

Podsumowanie

Systematyczny przeglad pismiennictwa wykazat ograniczenia w literaturze dotyczacej
kosztow posrednich wynikajgcych z COVID-19. We wszystkich wigczonych pracach do badania
utraty produktywnosci zastosowano tylko metode kapitatu ludzkiego do analizy strat
w gospodarce formalnej. W zadnym badaniu nie zastosowano metody kosztéw frykcyjnych,
a tylko jedno badanie analizowato straty w gospodarce nieformalnej. Kraje o wysokim
dochodzie tracity $rednio 0,6% PKB, podczas gdy w krajach o niskim dochodzie udziat ten byt
niewielki i wynosit srednio 0,007%. Podobng dysproporcje zaobserwowano w kosztach
przypadajacych na jeden zgon. Analiza wedtug ptci wskazuje na wyrazng dominacje mezczyzn,
ktérzy odpowiadali za ponad 3/4 catkowitych strat wynikajgcych ze zgondw, co byto tendencja

spdjng dla wszystkich grup dochodowych.

W latach 2020-2023 w 28 krajach europejskich zidentyfikowano 1,54 min
nadmiarowych zgondéw, 16,7 min nadmiarowo utraconych lat zycia oraz blisko 2 min
nadmiarowo utraconych potencjalnie produktywnych lat zycia, wykazujgc przy tym znaczace
zréznicowanie geograficzne, demograficzne i czasowe. Najwieksze obcigzenie, zwtaszcza
w populacji w wieku produkcyjnym, poniosta Europa Srodkowo-Wschodnia oraz kraje
battyckie, gdzie wskazniki strat znacznie przewyzszaty wartosci notowane w Europie Pétnocnej
i Zachodniej. Analiza ujawnita silne nieréwnosci ptciowe na niekorzys¢ mezczyzn. Cho¢ gtoéwny
ciezar pandemii spoczat na osobach powyzej 60. roku zycia, w koricowej fazie badanego okresu
zaobserwowano niepokojgcg ewolucje profilu demograficznego strat w kierunku coraz

mtodszych grup wiekowych. Kolejne lata, szczegélnie popandemiczny rok 2023, przyniosty
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odwrdcenie trendu w regionach pierwotnie najsilniej dotknietych, przy jednoczesnym

wystgpieniu opdznionego efektu w krajach nordyckich.

Szacunkowe koszty posrednie nadmiarowej umieralnosci w latach 2020-2023 wyniosty
w gospodarce formalnej 57,6 mld € dla HCA, 3,1 mld € dla FCA oraz 72,5 mld € w gospodarce
nieformalnej, wykazujgc przy tym silne zréznicowanie regionalne, czasowe i demograficzne.
Najwyzsze straty relatywne wzgledem PKB oraz w przeliczeniu na mieszkarica odnotowano
w krajach Europy Srodkowo-Wschodniej i paiistwach battyckich, podczas gdy kraje nordyckie
i zachodnioeuropejskie charakteryzowaty sie znacznie nizszymi warto$ciami. Analiza ujawnita
gtebokie zrdznicowanie miedzy ptciami, gdyz meziczyzni odpowiadali za 82% strat
w gospodarce rynkowej. Kumulacja obcigzen finansowych dotyczyta gtdwnie oséb w wieku 40-
59 lat. Dynamika strat w czasie réinita sie regionalnie: Europa Srodkowo-Wschodnia
odnotowata szczyt w 2021 roku, natomiast w krajach pdétnocnych i zachodnich najwyisze
koszty wystapity z opdznieniem, przypadajac na lata 2022-2023. Catos¢ strat przetozyta sie na
znaczace obcigzenie finanséw publicznych, przy czym najwiekszy ciezar fiskalny w wymiarze

bezwzglednym spoczat na budzetach panstw Europy Zachodniej.

Konieczne jest prowadzenie dalszych badan nad skutkami pandemii COVID-19, w celu

lepszego przygotowania na kolejne potencjalne kryzysy zdrowia publicznego.

W podsumowaniu, nalezy ponownie podkresli¢ nowatorstwo niniejszej rozprawy.
Polega ono na zintegrowaniu trzech komplementarnych perspektyw badawczych: (1)
systematycznej syntezy dowodéw dotyczacych strat produktywnos$ci wywotanych pandemia
COVID-19, (2) miedzynarodowej oceny nadmiarowej umieralnosci rozszerzonej o utracone lata
zycia i lata potencjalnie produktywnego zycia oraz (3) poréwnawczej analizy ekonomicznych
skutkéw zgondw z powodu COVID-19 i nadmiarowych zgondw w Europie. Oryginalny charakter
pracy wynika takze z zastosowania populacyjnej perspektywy poréwnawczej obejmujgcej 28
krajow europejskich i lata 2020-2023, co pozwolito na uchwycenie nie tylko pandemicznego,
ale réwniez postpandemicznego wymiaru obcigzen. Istotnym wktadem rozprawy jest takze
rownoczesne uwzglednienie konsekwencji epidemiologicznych i ekonomicznych, dzieki czemu
mozliwe byto przejscie od szacowania liczby zgondw i utraconych lat zycia do wyceny strat

produktywnosci w gospodarce formalnej i nieformalnej oraz oszacowania obcigzenia finansow
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publicznych. Na tle dotychczasowej literatury praca wnosi zardwno nowg wiedze empiryczng,

jak i uporzgdkowang, wielowymiarowg rame oceny skutkéw pandemii COVID-19.

Whioski

1. Duza skala strat ludzkich: Pandemia doprowadzita do 1,54 min nadmiarowych zgondw,
co przetozyto sie na utrate niemal 16,7 mln nadmiarowo utraconych lat zycia. Rokiem
o najwyzszych stratach byt 2021, odpowiadajacy za 41% wszystkich utraconych lat.

2. Znaczny koszt ekonomiczny: tgczne straty w produktywnosci w gospodarce formalnej
wyniosty 57,6 mld € dla metody kapitatu ludzkiego oraz 3,1 mld € dla metody kosztéw
frykcyjnych. W gospodarce nieformalnej straty wyniosty 72,5 mld €, co pokazuje, ze
skutki gospodarcze wykraczajg daleko poza ramy samego rynku pracy.

3. Giebokie nieréwnosci regionalne: Kraje Europy Srodkowo-Wschodniej i trzy parstwa
battyckie (Estonia, Litwa i totwa) poniosty nieproporcjonalnie wieksze obcigzenie
epidemiologiczne niz Europa Zachodnia i Pétnocna. W Europie Srodkowo-Wschodniej
wskaznik utraconych lat zycia byt trzykrotnie wyzszy niz w krajach nordyckich.

4. Polska w grupie panstw z najwyzszymi stratami: Polska znalazta sie w Scistej czotéwce
krajow o najwyzszym bezwzglednym obcigzeniu epidemiologicznym - zidentyfikowano
ponad 213 tys. nadmiarowych zgondéw oraz 2,4 mln nadmiarowo utraconych lat zycia,
co stanowifo ok. 14% strat lat zycia catej badanej grupy 28 panstw.

5. Znaczna dysproporcja ptciowa: Pandemia uderzyta ekonomicznie i epidemiologicznie
gtéwnie w mezczyzn, ktorzy odpowiadali za 82% strat w gospodarce formalnej oraz za
75% nadmiarowo utraconych potencjalnie produktywnych lat zycia.

6. Utrata potencjatu na rynku pracy: Cho¢ wiekszo$¢ zgondw dotyczyta oséb starszych,
Europa stracita nadmiarowo blisko 2 min lat potencjalnego produktywnego zycia
zawodowego. Najwieksze straty w tej kategorii wygenerowaty osoby w wieku 40-59 lat.

7. Zjawisko ,opdznionego szczytu”: Podczas gdy w Europie Srodkowo-Wschodniej szczyt
strat przypadt na rok 2021, kraje takie jak Finlandia, Norwegia i Szwecja odnotowaty

najwieksze obcigzenie nadmiarowg umieralnoscig dopiero w 2023 roku.
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8. Wptyw na finanse publiczne: Nadmiarowe zgony spowodowaty uszczuplenie
dochodow publicznych (podatki, sktadki) o tgczng kwote 19,7 mld € (dla metody

kapitatu ludzkiego), co stanowi istotne obcigzenie dla budzetédw panstw.

Rozprawa powstata w ramach projektu Narodowego Centrum Nauki ,Ekonomiczne
i epidemiologiczne obcigzenie umieralnoscig i zachorowalnoscig zwigzanymi z pandemiag
COVID-19” (konkurs OPUS-24) kierowanego przez dr hab. Bfazeja tyszczarz, prof. UMK.
Identyfikator projektu: 2022/47/B/HS4/00081.
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Rozprawa doktorska

Ekonomiczne i epidemiologiczne obcigzenie umieralnoscia spowodowang pandemia

COVID-19

Streszczenie

Pandemia COVID-19 oprécz duzego obcigzenia zdrowotnego wywotata znaczgce
konsekwencje gospodarcze na catym swiecie, powodujgc spadek produktu krajowego brutto,
wzrost stopy bezrobocia, nieréwnowage finanséw publicznych i utrate zdolnosci
produkcyjnych. Witasciwe podejscie do oceny obcigzenia umieralnoscia spowodowang
pandemia obejmuje uwzglednienie zaréwno bezposrednich, jak i posrednich skutkéw COVID-
19. Biorgc pod uwage obcigzenie ekonomiczne wynikajgce z pandemii COVID-19, jednym
z niedostatecznie zbadanych obszardw jest oszacowanie strat produktywnosci (kosztow
posrednich). Podczas gdy badania epidemiologiczne szacujg wptyw na zdrowie, analizy strat
produktywnosci przektadajg te skutki na warunki ekonomiczne, kwantyfikujgc straty
spowodowane zachorowalnoscig i przedwczesng umieralnoscig w wymiarze ekonomicznym.
Pomimo, ze te dwa podejscia réznig sie koncepcyjnie, razem zapewniajg one bardziej

kompleksowgq ocene spotecznego obcigzenia chorobami.

Cel pracy

Celem pracy jest ekonomiczna i epidemiologiczna ocena obcigzenia umieralnoscig

spowodowang pandemig COVID-19 w 28 krajach europejskich w latach 2020-2023.

Materiat i metody

Do stworzenia przegladu systematycznego uzyto wytycznych PRISMA. Protokédt
przeglagdu prospektywnie zarejestrowano w rejestrze PROSPERO (numer rejestracyjny
CRD42023478059). Przeszukano bazy danych Medline, Embase, Scopus, Web of Science,
EconLit, WHO COVID-19 Research i EuropePMC oraz szarg literature. Uwzgledniono badania

na poziomie populacyjnym z wykorzystaniem danych wtérnych. W celu iloSciowego
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poréwnania miedzy badaniami oszacowano straty w dolarach miedzynarodowych z 2020 roku

oraz jako udziat w produkcie krajowym brutto.

W ramach analizy epidemiologicznej wykorzystano roczne dane dotyczace
umieralnosci w podziale na pte¢ i 5-letnie grupy wiekowe za lata 2002-2019 w celu
przeprowadzenia predykcji umieralno$ci w 28 krajach europejskich (Unia Europejska
i Norwegia) w latach 2020-2023. Zdefiniowano nadmierne obcigzenie zdrowotne za pomocg
trzech miar: nadmiarowych zgondéw (eD), nadmiarowo utraconych lat zycia (eYLL) oraz
nadmiarowo utraconych lat potencjalnie produktywnego zycia (eYPPLL). Nadmiarowe zgony
oszacowano poprzez pordwnanie zgonéw obserwowanych i oczekiwanych, a nastepnie

wykorzystano je do obliczen eYLL i eYPPLL.

W analizie ekonomicznej wykorzystano retrospektywne dane Eurostatu na poziomie
populacji oraz perspektywe spoteczng do oszacowania strat produktywnosci (kosztéw
posrednich) w gospodarce formalnej i nieformalnej zwigzanych z umieralnoscig spowodowang
pandemig COVID-19 (nadmiarowe zgony i zgony przypisywane COVID-19) w 28 krajach
europejskich (Unia Europejska i Norwegia) w latach 2020-2023. W przypadku strat rynkowych
zastosowano metode kapitatu ludzkiego (HCA) i metode kosztéw frykcyjnych (FCA).
W przypadku strat nierynkowych zastosowano metode kosztu alternatywnego (OCA).
Przeprowadzono ponadto analize wptywu umieralnosci na przychody sektora finanséw

publicznych.

Wyniki

Do przegladu systematycznego zakwalifikowano 38 badan. W badaniach uzywano gtéwnie
metody kapitatu ludzkiego (30 badan), a zadne badanie nie wykorzystywato metody kosztow
frykcyjnych. Wiekszos¢ badan (84%) zawierata wyniki dotyczace strat z powodu przedwczesnej
umieralnosci, a jedna czwarta dostarczyta szacunkéw strat spowodowanych absencja
chorobowg. W 33 badaniach wtgczonych do poréwnania ilosciowego zidentyfikowano straty
produktywnosci w zakresie od 0% do 2,1% produktu krajowego brutto; najwieksze straty
wystapity w krajach o wysokich dochodach i wsrdéd oséb w wieku 40-59 lat; straty wsrdd

mezczyzn stanowity okoto 3/4 catkowitego obcigzenia.
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Zidentyfikowano facznie 1.540.034 nadmiarowych zgondw, co odpowiada 16.695.365
eYLL i 1.997.095 eYPPLL. Europa Srodkowo-Wschodnia dos$wiadczyta najwiekszej nadwyzki
zgondw, podczas gdy kraje potnocne byty najmniej dotkniete tym zjawiskiem. Zaobserwowano
zréznicowanie dotyczace pfci, wiekszos¢ zmartych stanowili mezczyzni (eD - 54,8%, eYLL - 58%,
eYPPLL - 75%.). Dodatkowo, analiza ujawnia wyrazny gradient wiekowy. Gtéwny ciezar
nadmiarowej umieralnosci dotyczyt oséb powyzej 60. roku zycia, z najwiekszym obcigzeniem
w grupie wiekowej 85+. Z perspektywy eYLL punkt ciezko$ci strat przesunat sie z grupy

najstarszej na kohorty 65-69 oraz 75-79 lat.

Catkowite straty produktywnosci w gospodarce formalnej z powodu nadmiarowych
zgonow w latach 2020-2023 we wszystkich 28 krajach tacznie wyniosty 57,6 mld € w HCA i 3,1
mld € w FCA. Straty produktywnos$ci w gospodarce nieformalnej wyniosty 72,5 mld euro,
z czego 19,6 mld € przypadato na osoby pracujace, a 52,9 mld € na osoby niepracujace.
W przypadku zgondéw z powodu COVID-19 straty produktywnosci byty nizsze: 35,0 mid €
w przypadku HCA, 2,1 mld € w przypadku FCA i 56,2 mld € w przypadku OCA (12,4 mld €
w przypadku oséb pracujgcych i 43,8 mld € w przypadku osdb niepracujgcych). Najwyzsze
wzgledne obcigzenie ekonomiczne odnotowano w krajach Europy Srodkowo-Wschodniej
i trzech panstwach battyckich (Estonia, Litwa i totwa). Straty byty wyzsze wsréd mezczyzn,
szczegllnie w przypadku strat w gospodarce rynkowej (>80% catosci). Dodatkowo
zidentyfikowano heterogeniczne wzorce czasowe w rdézinych regionach: kraje Europy
Srodkowo-Wschodniej i Potudniowej odnotowaty najwieksze straty w 2021 r., kraje zachodnie

w 2022 r., a pétnocne w 2023 r.

Whioski

1. Duza skala strat ludzkich: Pandemia doprowadzita do 1,54 mln nadmiarowych zgondw,
co przetozyto sie na utrate niemal 16,7 mln nadmiarowo utraconych lat zycia. Rokiem
o najwyzszych stratach byt 2021, odpowiadajacy za 41% wszystkich utraconych lat.

2. Znaczny koszt ekonomiczny: taczne straty w produktywnosci w gospodarce formalnej
wyniosty 57,6 mld € dla metody kapitatu ludzkiego oraz 3,1 mld € dla metody kosztow
frykcyjnych. W gospodarce nieformalnej straty wyniosty 72,5 mld €, co pokazuje, ze

skutki gospodarcze wykraczajg daleko poza ramy samego rynku pracy.
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Gtebokie nieréwnosci regionalne: Kraje Europy Srodkowo-Wschodniej i trzy paristwa
battyckie (Estonia, Litwa i totwa) poniosty nieproporcjonalnie wieksze obcigzenie
epidemiologiczne niz Europa Zachodnia i Pétnocna. W Europie Srodkowo-Wschodniej
wskaznik utraconych lat zycia byt trzykrotnie wyzszy niz w krajach nordyckich.

Polska w grupie panstw z najwyzszymi stratami: Polska znalazta sie w Scistej czotéwce
krajéw o najwyzszym bezwzglednym obcigzeniu epidemiologicznym - zidentyfikowano
ponad 213 tys. nadmiarowych zgondéw oraz 2,4 mln nadmiarowo utraconych lat zycia,
co stanowito ok. 14% strat lat zycia catej badanej grupy 28 panstw.

Znaczna dysproporcja ptciowa: Pandemia uderzyta ekonomicznie i epidemiologicznie
gtdwnie w mezczyzn, ktorzy odpowiadali za 82% strat w gospodarce formalnej oraz za
75% nadmiarowo utraconych potencjalnie produktywnych lat zycia.

Utrata potencjatu na rynku pracy: Cho¢ wiekszo$¢ zgondw dotyczyta osdb starszych,
Europa stracita nadmiarowo blisko 2 min lat potencjalnego produktywnego zycia
zawodowego. Najwieksze straty w tej kategorii wygenerowaty osoby w wieku 40-59 lat.
Zjawisko ,,opdznionego szczytu”: Podczas gdy w Europie Srodkowo-Wschodniej szczyt
strat przypadt na rok 2021, kraje takie jak Finlandia, Norwegia i Szwecja odnotowaty
najwieksze obcigzenie nadmiarowg umieralnoscig dopiero w 2023 roku.

Wptyw na finanse publiczne: Nadmiarowe zgony spowodowaty uszczuplenie
dochoddéw publicznych (podatki, sktadki) o tgczng kwote 19,7 mld € (dla metody

kapitatu ludzkiego), co stanowi istotne obcigzenie dla budzetéw panstw.
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Doctoral dissertation

Economic and epidemiological burden of mortality associated with the COVID-19 pandemic

Summary

In addition to its substantial public health burden, the COVID-19 pandemic generated
significant economic consequences worldwide, including a decline in gross domestic product,
rising unemployment, public finance imbalances, and loss of productive capacity. An
appropriate approach to assessing the excess mortality burden caused by the pandemic should
account for both the direct and indirect effects of COVID-19. As for the economic burden of
the COVID-19 pandemic, one under-researched area is the estimation of productivity losses
(indirect costs). While epidemiological studies assess the impact on health, productivity loss
analyses translate these effects into economic terms by quantifying losses resulting from
morbidity and premature mortality. Although these two approaches differ conceptually,

together they provide a more comprehensive assessment of the societal burden of disease.

Aim of the study

The dissertation aims to provide an economic and epidemiological assessment of the
mortality burden caused by the COVID-19 pandemic in 28 European countries in the years

2020-2023.

Materials and methods

The systematic review was conducted in accordance with the PRISMA guidelines. The
review protocol was prospectively registered in the PROSPERO registry (registration number
CRD42023478059). Medline, Embase, Scopus, Web of Science, EconLit, WHO COVID-19
Research, and EuropePMC databases were searched, along with grey literature sources.
Population-level studies using secondary data were included. For quantitative cross-study
comparison, losses were estimated in 2020 international dollars and as a share of gross

domestic product.
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In the epidemiological analysis, annual mortality data stratified by sex and 5-year age
groups for the years 2002-2019 were used to predict mortality in 28 European countries (the
European Union and Norway) for the years 2020-2023. Excess health burden was defined using
three measures: excess deaths (eD), excess Years of Life Lost (eYLL), and excess Years of
Potential Productive Life Lost (eYPPLL). Excess deaths were estimated by comparing observed

and expected deaths and were subsequently used to calculate eYLL and eYPPLL.

In the economic analysis, retrospective Eurostat population-level data and a societal
perspective were used to estimate productivity losses (indirect costs) in the formal and
informal economy associated with mortality caused by the COVID-19 pandemic (excess deaths
and COVID-19-attributable deaths) in 28 European countries (the European Union and
Norway) during 2020-2023. For market losses, the Human Capital Approach (HCA) and the
Friction Cost Approach (FCA) were applied. For non-market losses, the Opportunity Cost
Approach (OCA) was used. In addition, the impact of mortality on public finance revenues was

analysed.

Results

A total of 38 studies were included in the systematic review. The Human Capital
Approach was the dominant method used in the studies (30 studies), while none applied the
Friction Cost Approach. Most studies (84%) reported results on losses due to premature
mortality, and one quarter provided estimates of losses caused by sickness-related
absenteeism. In the 33 studies included in the quantitative comparison, productivity losses
ranged from 0% to 2.1% of gross domestic product; the greatest losses were observed in high-
income countries and among individuals aged 40-59 years; losses among men accounted for

approximately three-quarters of the total burden.

A total of 1,540,034 excess deaths were identified, corresponding to 16,695,365 eYLL
and 1,997,095 eYPPLL. Central and Eastern Europe experienced the highest excess mortality
burden, whereas the Northern countries were least affected. Sex differences were also
observed, with men accounting for the majority of the burden (eD: 54.8%, eYLL: 58%, eYPPLL:
75%). In addition, the analysis revealed a pronounced age gradient. The main burden of excess

mortality concerned individuals aged over 60 years, with the highest burden observed in the
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85+ age group. From the perspective of eYLL, the burden shifted from the oldest age group to
the 65-69 and 75-79 age cohorts.

Total productivity losses in the formal economy due to excess deaths in 2020-2023
across all 28 countries amounted to €57.6 billion under the HCA and €3.1 billion under the
FCA. Productivity losses in the informal economy amounted to €72.5 billion, of which €19.6
billion was attributable to employed individuals and €52.9 billion to non-employed individuals.
For COVID-19 deaths, productivity losses were lower: €35.0 billion under the HCA, €2.1 billion
under the FCA, and €56.2 billion under the OCA (€12.4 billion among the employed and €43.8
billion among the non-employed). The highest relative economic burden was observed in
Central and Eastern European countries and in the three Baltic states (Estonia, Lithuania, and
Latvia). Losses were higher among men, particularly in the market economy (>80% of the
total). Moreover, heterogeneous temporal patterns were identified across regions: Central and
Southern European countries experienced the greatest losses in 2021, Western countries in

2022, and Northern countries in 2023.

Conclusions

1. Large scale of human losses: The pandemic resulted in 1.54 million excess deaths,
translating into a loss of nearly 16.7 million excess Years of Life Lost. The year 2021 was
associated with the highest burden, accounting for 41% of all excess Years of Life Lost.

2. Substantial economic costs: Total productivity losses in the formal economy amounted
to €57.6 billion under the Human Capital Approach and €3.1 billion under the Friction
Cost Approach. In the informal economy, losses reached €72.5 billion, demonstrating
that the economic consequences extended far beyond the labour market.

3. Profound regional inequalities: Central and Eastern European countries and the three
Baltic states (Estonia, Lithuania, and Latvia) bore a disproportionately higher
epidemiological burden than Western and Northern Europe. In Central and Eastern
Europe, the excess Years of Life Lost rate was three times higher than in the Nordic
countries.

4. Poland among the countries with the highest losses: Poland was among the countries

with the highest absolute epidemiological burden, with more than 213,000 excess
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deaths and 2.4 million excess Years of Life Lost identified, accounting for approximately
14% of the total years lost across the 28 countries analysed.

Marked sex disparities: The pandemic affected men disproportionately, both
economically and epidemiologically, as they accounted for 82% of formal economy
losses and 75% of excess Years of Potential Productive Life Lost.

Loss of labour market potential: Although most deaths occurred among older
individuals, Europe experienced nearly 2 million excess Years of Potential Productive
Life Lost. The greatest burden in this category was observed in individuals aged 40-59
years.

The phenomenon of a “delayed peak”: While the burden peaked in Central and Eastern
Europe in 2021, countries such as Finland, Norway, and Sweden experienced the
highest excess mortality burden only in 2023.

Fiscal impact on public finances: Excess deaths caused a reduction in public revenues
(taxes and social contributions) amounting to €19.7 billion in total (under the Human

Capital Approach), representing a significant burden for national budgets.
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Zataczniki

Wykaz stosowanych skrétéw.

ARIMA - AutoRegressive Integrated Moving Average

CEE - Europa Srodkowo-Wschodnia (Central and Eastern Europe)

CD - zgony z powodu COVID-19

COVID-19 - Coronavirus disease 2019

eD - Nadmiarowe zgony (Excess deaths)

EU- Unia Europejska (European Union)

ETS - Exponential Smoothing

eYLL - Nadmiarowo utracone lata zycia (excess Years of Life Lost)

eYPPLL - Nadmiarowo utracone lata potencjalnie produktywnego zycia (excess Years of
Potential Productive Life Lost)

FCA - Metoda kosztow frykcyjnych (Friction Cost Approach)

HCA - Metoda kapitatu ludzkiego (Human Cost Approach)

ICD-10 - International Statistical Classification of Diseases and Related Health Problems 10th
Revision

KMNK - Regresja metodg najmniejszych kwadratéow (Ordinary least squares)

LE - Oczekiwana dtugosc zycia (Life expectancy)

OCA - Metoda kosztu alternatywnego (Opportunity Cost Approach)

OCAe - Metoda kosztu alternatywnego dla pracujacych (Opportunity Cost Approach for
employed)

OCAN - Metoda kosztu alternatywnego dla niepracujgcych (Opportunity Cost Approach for
non-employed)

PKB - Produkt krajowy brutto

PRISMA - Preferred Reporting for Systematic Reviews and Meta-Analyses

SARS-CoV-2 - Severe acute respiratory syndrome coronavirus 2

USA - Stany Zjednoczone Ameryki (United Stated of America)
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszezy
KOMISJA BIOETYCZNA
UL M. Sklodowskiej-Curie 9, 85-094 Bydgoszez, tel.(052) 585-35-63

KB 425/2023 Bydgoszcz, 24.10.2023 r.

Dzialajac na podstawie art.29 ustawy z dnia 5.12.1996 r. 0 zawodzie lekarza (D2.U. 2 1997 r. Nr 28 poz.
152, wraz z poznicjszymi zmianami), rozporzadzenia Ministra Zdrowia z dnia 26.01,2023r, w sprawie komis)i
bioetyczae; oraz Odwolawezey Komisp Bioetyeznej (Dz. U. 2023 poz. 218) oraz Zarzadzenia nr 108 Rektora
Uniwersytetu Mikotnja Kopemika w Toruniu z dnia 31 maja 2023r. w sprawic powctania komisji bioetyczne) oraz
zgodnie z zasadamu zawartymi w DH 1 GCP,

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bvdgoszezy

na posiedzeniu w dniu 24.10.2023 r. przeanalizowala wniosck, kiory zlozyl kierownik badania:

dr hab. Blazej Lyszczarz, prof. UMK
Katedra Ekonomiki Zdrowia
Collegium Medicum w Bydgoszezy UMK w Toruniu

2 zespolem w skladzie:

dr hab. Blazej Lyszezarz, prof. UMK, dr Marta Ortega-Ortega, lek. Pawel
Niewiadomski

w sprawic badania:

wEkonomiczne i epidemiologiczne obciaZzenie umieralnodcig i zachorowalnoscia
spowodowanymi pandemiz COVID-19",

Po zapoznaniu si¢ ze zioZonym wnioskiem i w wyniku przeprowadzonej dyskusji omz glosowania
Komisja pod;eia

Uchwalg¢ 0 pozytywnym zaopiniowanin wniosku
w sprawie przeprowadzenia badan w zakresie okreslonym we wniosku

Zgoda obowiqzuje od daty podjecia uchwaly (24.10.2023 r.) do korica 2027 r.

Wydana apinia dotvezy tlka rozpatrywanego wnioskn = wwzglednieniem preedstawionego projeki:
kazda zmiana | modyfikacia wymaga uzyskania odrebnei opinii.

[

Prof. dr hab. ed/&anusz Dubiel
! \
}’ \
Pncwodniczqc_vk(‘) ¥ jji.iBioctycmcj
Otrzymuje
dr hab. Bluze) Lyszczare, prol. UMK

Katedra Ekecaom ki Zdrowia
Collegium Medicum w Bydgoszcey UMK w Toruniu
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