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Abstract The aim of the study was to analyze changes and demographic inequalities in the mortality of the
Lithuanian population in 2020 and 2021 compared to the period of 2015-2019, assess the major causes of death that
contributed to the changes, and identify the groups of the society that suffered most.

Methods Mortality rates for 2015-2021 from all causes, cardiovascular diseases, malignant neoplasms, external
causes, diseases of the digestive system, diseases of the respiratory system, and COVID-19 in Lithuania by sex and
age were calculated per 100,000 population. Mortality changes compared with the previous year and between the
average of 2015-2019 years were calculated. The average annual percentage change was calculated to determine
the aggregated 2015-2019 change in mortality from the leading causes of death. Coefficients of linear regression
multiplied by 100 were presented as average annual changes, which were statistically significant at p <0.05. Mortality
rate differences between 2020 and 2021 years and the average of 2015-2019 years were calculated.

Results Lithuania has recorded 9.4% higher overall mortality among males in 2020 and 18% higher mortality in 2021
compared with a period unaffected by the COVID-19 pandemic (p <0.05). Among females — 10.7% higher mortality

in 2020 and 22.6% in 2021 (p <0.05). Male and female mortality from COVID-19 in all age groups in 2021 was higher
than that in 2020, and mortality rates increased with an increase in age. Negative changes in mortality from 2015 to
2019 to 2020 among males and females of all age groups were mainly determined by COVID-19. The most significant
impact of COVID-19in 2021 on the overall mortality changes was estimated in the 55-64 and 65-74 male age groups,
while female overall mortality was in the 45-54 and 65-74 age groups.

Conclusions Negative changes in mortality from 2015 to 2019 to 2020 among males and females of all age groups
were mainly determined by COVID-19. The most significant impact of COVID-19in 2021 on the overall mortality
changes was estimated in the 55-74 male age group, while on female overall mortality in the 45-54 and 65-74 age
groups.
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Introduction

COVID-19 was a once-in-generation public health chal-
lenge for the entire global community. Lithuania has
relatively successfully managed the initial wave of the
pandemic. The first quarantine was implemented very
early, with multiple restrictions, and resulted in a rela-
tively low seroprevalence and mortality from COVID-19
[1, 2]. However, the second wave (November — Decem-
ber 2020/January — March 2021) was significantly more
challenging and caused high morbidity and mortality
numbers [3]. To minimize the negative consequences of
COVID-19, the Lithuanian Government continued to
impose strict non-pharmaceutical measures. Neverthe-
less, Lithuania appeared in the range of countries that
suffered severely in terms of the number of deaths related
to COVID-19 [4, 5]. Even before the pandemic, consid-
erably higher mortality rates were reported in Lithuania
compared with other European countries [6], especially
among low-educated and rural population groups [7,
8]. Therefore, it could be expected that the impact of
the pandemic was not uniform across different socio-
economic and demographic groups of the Lithuanian
population.

From the public health and healthcare management
perspective, it is essential to investigate mortality trends
in overall mortality and mortality from the major causes
of death, to identify the most vulnerable demographic
groups of the population, as well as to evaluate the con-
tribution of the major causes of death to overall changes
and inequalities in mortality in the context of COVID-
19 pandemic. To the best of our knowledge, there were
some efforts to evaluate mortality statistics in Lithuania
during the COVID-19 pandemic [9, 10]. However, there
is a need to pursue this specific issue in depth. Therefore,
this study aimed to analyze changes and demographic
inequalities in the mortality of the Lithuanian population
in 2020 and 2021, in comparison to the period of 2015—
2019, to assess the major causes of death that contributed
to the changes and identify the groups of the society,
which suffered most.

Methods

Data sources

Information on deaths by age and sex for the period
2015-2021 was obtained from the State Register of Death
Cases and Their Causes at the Institute of Hygiene (Lith-
uania). The Registry systematizes and provides data on
the deaths and their causes of persons who died within
the territory of the Republic of Lithuania and citizens of
the Republic of Lithuania who died abroad. Data on the
average annual population in 2015-2021 were obtained
from the Database of Indicators of Statistics Lithuania
[11].
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Statistical analysis

The analysis for this study included all causes (ICD-
10 codes A00-Y98) and six leading causes of death in
Lithuania: diseases of the circulatory system (100-199),
malignant neoplasms (C00-C97), external causes (VO1-
Y98), diseases of the digestive system (K00-K93), dis-
eases of the respiratory system (J00-J99) and COVID-19
(U07.1-U07.2).

Mortality rates (MR) with 95% confidence inter-
vals (CI) by age groups (all ages, 45-54, 55-64, 65-74,
75-year-old and older) and sex for analyzed causes of
death were calculated per 100,000 population from 2015
to 2021. Furthermore, the average mortality rates of all
analyzed causes of death were calculated for the period
2015-2019. The pandemic period (2020 and 2021) was
compared with these averages. The average mortality rate
over the period 2015 through 2019 was calculated as the
arithmetic mean of the annual rates.

The mortality changes compared to the previous year
and between the average of the 2015-2019 years were
calculated:

(NIRanalyzed year — 1\'/H%previous year(5)>/l\'/IRprevious year(s) X 100(%)

A joinpoint regression analysis was applied to evalu-
ate changes in annual mortality from the leading causes
of death by gender and to identify critical periods of
change between 2015 and 2021. The joinpoint regression
is a Windows-based statistical software program that
facilitates the analysis of the direction of change without
predetermining cut points [12, 13]. It identifies the cut-
points in the mortality curves and determines statistical
significance using a Monte Carlo Permutation test. The
analysis begins with the fewest cut-points and seeks to
identify additional statistically significant cut-points by
gradually incorporating them into the model. Cut-points
separated the mortality curve into periods. The mini-
mum number of cut-points in the regression fit is 0, and
the maximum is 1. The short duration of the analyzed
period led to selecting a single regression fit cut-point.

The change in mortality rates for each period between
the cut points and the period between 2015 and 2019 was
evaluated by applying a logarithmic (joinpoint) regres-
sion coefficient, which was used to calculate the average
annual percentage change (AAPC). AAPCs are used to
represent the average increase or rate of change of mor-
tality over a specified period. The AAPC value denotes
the percentage annual change (increase, decrease, or no
change). This change was considered statistically signifi-
cant with a p-value of less than 0.05. The AAPC was cal-
culated using the following formula:
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AAPC = {exp (ZZ“:UZ’) - 1} x 100

The w, represents the length of each segment in the range
of years, and the b, denotes the slope coefficients for each
segment in the desired range of years.

The differences in mortality rates (RD) for 2020 and the
average of 2015-2019, as well as for 2021 compared to
the average of 2015-2019, were calculated:

]\/[Ranalyzed year — A[Raverage 2015—-2019 (PGT 100 000 population)

To assess the impact of leading causes of death on mor-
tality differences, the methodology developed by I. M.
Joung was applied [14]. The effect of differences in mor-
tality from the leading causes of death on differences in
all-cause mortality was calculated:

(RDcausc of death X 100)/RDallcauses

Results

During 2015-2021, 292,172 people died in Lithuania,
including 158,001 from diseases of the circulatory sys-
tem, 56,570 from malignant neoplasms, 19,023 from
external causes, 14,419 from diseases of the digestive sys-
tem, 9,284 from COVID-19, and 8,861 from diseases of
the respiratory system. The population size dropped from
2.9 to 2.8 million during the study period [9].

Our analysis suggests that the average annual num-
ber of male deaths from all causes for the period 2015
to 2019 was 19,532 and that the mortality rate was
1488.3 (95% CI: 1467.6—1509.0) per 100,000 population
(Table 1). Between 2015 and 2019, mortality from all
causes (AAPC -2.0%), diseases of the circulatory sys-
tem (AAPC -2.3%), and especially from external causes
of death (AAPC -7.6%) among males decreased sig-
nificantly (p<0.05). During the study period, there was
a non-significant decrease in male mortality from malig-
nant neoplasms and both diseases of the digestive and
respiratory systems.

However, Lithuania experienced a 9.4% higher overall
mortality among males in 2020 and 18% higher mortal-
ity in 2021 compared with a period unaffected by the
COVID-19 pandemic (p<0.05). Comparing the average
of 2015-2019 years, male mortality from diseases of the
circulatory system significantly increased by 4.9% and
5.9% in 2020 and 2021, whereas mortality from exter-
nal causes decreased by —13.5% and —17.1% in 2020 and
2021 (p<0.05). Only in 2020, male mortality from dis-
eases of the digestive system increased significantly com-
pared with the pre-pandemic period (+14.5%, p <0.05).
There was a significant increase in male mortality from
COVID-19 in 2021 compared to 2020 (+ 177.6%, p <0.05).
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The trends in female mortality in Lithuania dur-
ing 2015-2021 are presented in Table 2. For the period
from 2015 to 2019, the average annual number of female
deaths from all causes was 20643.8, and the mortality
rate was 1351.5 (95% CI: 1333.2-1369.8.2.8) per 100,000
population. The period 2015-2019 saw a not statistically
significant decrease (p >0.05) in female mortality from all
causes (AAPC -0.3%), diseases of the circulatory system
(AAPC -1.6%), diseases of the digestive system (AAPC
-0.9%), and external causes of death (AAPC -3.5%).
There was a statistically significant decrease in mortality
from malignant neoplasms among females (AAPC 0.5%,
p<0.05)) during the study period.

Lithuania recorded a 10.7% higher female overall mor-
tality in 2020 and 22.6% in 2021 compared with a pre-
COVID-19 period (p<0.05). The mortality of females
from circulatory system diseases increased by +3.7% in
2020, compared to the 2015-2019 period average. In the
year 2021, the rate remained stable. Female mortality
from malignant neoplasms increased in 2020, although
not statistically significant. However, from 2020 to 2021,
it experienced a considerable decline of -6.8%. The
female mortality from COVID-19 increased by +243.3%
in 2021 compared to 2020 (p <0.05).

In 2020, the overall mortality rate for males increased
by 140.2 (95% CI: 139.2-141.2.2.2) per 100,000 pop.
and for females by 144.6 (95% CI: 143.4—145.8.4.8) per
100,000 pop. compared to the average mortality rate from
2015 to 2019 (Table 3). This increase was primarily driven
by mortality from COVID-19, which accounted for 64.8%
of the rise in males and 50.1% in females’ mortality. Addi-
tionally, deaths due to diseases of the circulatory system
contributed to 24.5% of the increase in male and 21.9%
in female’ mortality. In 2021, the mortality rate rose fur-
ther, with an increase of 268.3 (95% CI: 266.5-270.1.5.1)
per 100,000 pop. for males and 305.8 (95% CI: 303.7—
307.2.7.2) per 100,000 pop. for females, again compared
to the average rates from 2015 to 2019. In 2021, COVID-
19 was responsible for 93.9% of the increase in deaths
among males and 81.4% among females. Mortality from
diseases of the circulatory system contributed to a 15.5%
increase in male and 8.7% in female’ mortality in 2021.

All age groups experienced a statistically significant
increase in overall male mortality during the COVID-19
pandemic, particularly in individuals aged 75 years and
older, with a rate of 23.3% (p <0.05) (Table 4).

Mortality from external causes of death decreased sig-
nificantly among males aged 45-54 years (19.7% in 2020
and 25.1% in 2021; p <0.05) and among males aged 55—64
years in 2021 (20.7%; p <0.05). Mortality from malignant
neoplasms decreased significantly among males aged
65-74 years in 2021 (by 10.9%; p<0.05). Additionally,
mortality from respiratory system diseases decreased
significantly among males aged 75 years or older in 2021
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(28.5%; p<0.05). Mortality from other causes of death
in 2020 and 2021, compared to the 2015-2019 average,
showed trends of either an increase or a decrease.

The changes in female mortality in different age
groups from 2015 to 2019 to 2020 and 2021 were simi-
lar to changes in male mortality (Table 5). In 2021, female
mortality increased significantly in all age groups. The
most notable increase in female all-cause mortality was
estimated in the 75 years and older and 55—-64 years age
groups (25.1% and 20.5%, respectively; p<0.05). How-
ever, female mortality changes from major causes of
death were not statistically significant in different age
groups.

In females aged 75 years and older, mortality signifi-
cantly increased from diseases of the circulatory system
in 2021 (5.3%, p<0.05) and decreased from diseases of
the respiratory system in 2021 (21.4%, p <0.05). Mortality
from other causes of death in 2020 and 2021, compared
to the average of 2015-2019, demonstrated trends of
either an increase or a decrease.

Further detailed indicators of mortality from the lead-
ing causes of death are presented in the Supplementary
material (Table S1 — S3).

Discussion

The current study revealed that in Lithuania, all-cause
mortality increased in 2020 and 2021 compared with the
previous five-year period unaffected by the pandemic.
Deaths from COVID-19 caused most of this increase. In
addition, the rise in mortality from diseases of the circu-
latory and digestive systems was observed.

Previous studies highlighted that excess mortality
caused by the pandemic varied significantly across coun-
tries and was higher than reported COVID-19 deaths [4,
15, 16]. Factors contributing to the differences between
countries might include (1) population-level differences
in sociodemographic and health-related factors, (2)
healthcare system preparedness for public health emer-
gencies, and (3) COVID-19 vaccination policy. We would
like to explore these factors more thoroughly.

Population-level differences in sociodemographic
and health-related factors. Our study demonstrated the
highest mortality rates for 75-year-olds and older males
and females. Existing evidence suggests that older age
remains the most decisive risk factor for severe COVID-
19 outcomes, including deaths [15-17]. Lithuania is an
aging country. During the last decade, the proportion
of older people in Lithuania has steadily increased to
20.8% at the beginning of 2022 [18]. The older population
experiences higher morbidity, especially from chronic
noncommunicable diseases and disease complexity. The
presence of one or multiple underlying medical con-
ditions, including chronic kidney, lung, liver, cardio-
vascular diseases, obesity, and immunodeficiency, was
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associated with an increased risk of COVID-19 death [16,
17, 19, 20]. In 2017, only 44.0% of the Lithuanian popula-
tion reported perceiving themselves in good health — the
lowest rate in the European Union (EU) countries [21].
Before the pandemic (2019), Lithuania had one of the
highest all-cause mortality and mortality from chronic
noncommunicable diseases among EU countries [22, 23].
The study by Urashima et al. demonstrated that increased
mortality before the pandemic was associated with the
most tremendous increase in excess deaths during the
pandemic [24]. A similar correlation is observed between
pre-pandemic life expectancy and excess mortality rate
[25]. The possible explanation for this association is that
baseline life expectancy serves as a proxy of ‘initial con-
ditions’ reflecting different aspects related to population
health, such as the quality and accessibility of health care,
the level of socioeconomic development, the prevalence
of risk factors, and disease burden, environmental con-
ditions, etc [25]. Hajdu et al. (2024) has measured that a
one-year lower pre-pandemic life expectancy was associ-
ated with 521 more excess deaths per million inhabitants
throughout the three years of 2020-2022 [26]. Life expec-
tancy in Lithuania in 2020 was the third lowest in the
European Union (EU) and 5.5 years below the EU average
[27]. It is important to note that excess deaths attributed
to causes other than COVID-19 may have resulted from
undiagnosed or unrecognized coronavirus infections. A
recent study from Lithuania suggests that deaths contrib-
uting to COVID-19 constituted 31.0% of the excess non-
coronavirus deaths in Lithuania [28].

Healthcare system preparedness for public health
emergencies. The Lithuanian healthcare system’s emer-
gency response preparedness was low due to an under-
resourced budget and health workforce shortage [2].
Lithuania spends a lower gross domestic product share
on health care (7.9% in 2021) and has lower nurses per
1000 population rates than the EU average [27]. Lithu-
anian healthcare system demonstrated some positive
development during the independence period; however,
it was not among the most effective in the European
Region [27, 29]. The COVID-19 pandemic caused some
disruption for essential healthcare services in Lithuania
as well as in other countries [30-32]. In response to the
pandemic, the Lithuanian government implemented
restrictive measures relatively early to prevent the trans-
mission of infection and ensure the healthcare system’s
capacity, including a decrease in hospital overloads.
Remote consultations, instead of face-to-face services,
were introduced, and routine services and non-urgent
procedures were canceled or postponed for a later time
[2, 31]. Both cardiovascular outpatient care visits and
hospitalizations decreased dramatically in 2020 [30]. In
addition, fear of accessing healthcare institutions might
be associated with declining healthcare utilization during
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Table 3 Differences in male and female mortality from major causes of death in 2020 and 2021 compared to 2015-2019

Causes of death Males Females
2020 2021 2020 2021
RD (95% ClI) %* RD (95% ClI) %* RD (95% ClI) % RD (95% ClI) %

Diseases of the circulatory system 344 24.5 416 15.5 317 219 266 8.7
(34.0-34.8) (41.1-42.1) (31.2-32.2) (26.2-27.0)

Malignant neoplasms 28 20 —14.2 -53 10.7 74 —6.2 -20
(2.8-2.8) (—14.0--144) (104-11.0) (—-6.2--6.2)

External causes =213 =152 =27.1 =101 -03 -0.2 =07 -0.2
(-20.8--21.9) (=26.5--27.7) (-03--03) (-0.7--07)

Diseases of the digestive system 6.7 4.7 9.0 33 58 4.0 50 1.6
(6.5-6.9) (8.7-9.3) (5.5-6.1) (4.8-5.2)

Diseases of the respiratory system -34 24 -12.7 —4.7 -34 24 -50 -16
(=3.3--35) (=12.2--13.2) (=3.2--36) (-4.7--53)

COVID-19 90.8 64.8 252.1 93.9 72.5 50.1 2489 814
(85.6-96.0) (243.5-260.7) (68.2-76.8) (240.9-256.9)

All causes 140.2 100 2683 100 144.6 100 3058 100
(139.2-141.2) (266.5-270.1) (143.4-145.8) (303.7-307.2)

Cl, confidence interval; RD, rate difference=MR

the pandemic [31]. These factors may have contributed
to the increased mortality not only from COVID-19 but
also from other diseases, including circulatory and diges-
tive diseases, as was observed in our study.

COVID-19 vaccination policy. There is clear evidence
that vaccines effectively reduce hospitalization rates, dis-
ease severity, and mortality from COVID-19 [33-35].
Excess all-cause mortality in countries was related to
vaccination coverage [36]. Unfortunately, Lithuania’s
vaccination rate among the most vulnerable groups was
only moderate. The complete primary course vaccination
rate among Lithuanian adults aged 60 or older was lower
compared with European countries’ average, 78.2%, and
91.2%, respectively [37]. Nevertheless, there are esti-
mations that vaccination averted 3420 deaths in the
Lithuanian population 60 years and older during weeks
51/2020-45/2021 [38]. The link between excess deaths
and the percentage of people fully vaccinated by the end
of 2021 is confirmed by other studies [10].

We would also like to stress some methodological
issues regarding the usage of mortality statistics (i.e.,
excess deaths) to evaluate the impact of the COVID-19
pandemic and propose some considerations for fur-
ther research development. Excess deaths are an essen-
tial indicator for assessing the burden of the COVID-19
pandemic but have some limitations for international
comparisons [39]. Firstly, we must stress the quality of

analyzed year ~ MRaverage2015—2019 (per 100,000 population)

“the effect of differences in mortality from the leading causes of death on differences in all-cause mortality was calculated: (RD e of geath X 100)/RD

all causes

internationally available and national official statisti-
cal information [40]. Secondly, the accuracy of results
depends on the choice of the mortality index, the num-
ber of years included in the reference period, the method,
and the time unit of the death series. Nepomuceno (2022)
showed that excess mortality can differ nearly four times
for Lithuania depending on the used model [41]. This
suggests that the volume of excess deaths is under inten-
sive discussion in the academic community. In calculat-
ing excess deaths, factors influencing mortality should
also be adequately assessed, including heat waves and
other natural disasters (many of which are accentuated by
climate change) [42]. It was also noticed that determin-
ing excess mortality requires the estimation of mortality
under non-pandemic conditions. However, the often-
used method of averaging the 5-year historical weekly
mortality, however, ignores the trend in mortality of the
first weeks of 2020 by estimating the population average
and may be influenced by recent excess mortality in the
past [43].

We want to draw attention to another methodologi-
cal error that we noticed in the case of Lithuania. In
most mortality assessment studies [42, 43], the standard
period for analysing Lithuanian mortality data is the last
3 or 5 years. Since the mortality rate has been steadily
decreasing in Lithuania since 2015, it is unsurprising
that many mathematical models that relied on data from
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the 2015-2019 period continued to predict a decrease
in mortality in 2020-2022 under non-pandemic condi-
tions [44]. However, we have observed a constant trend
of mortality growth with several fluctuations in Lithuania
since 1960, when mortality decreased for several years
(for example, 1994-2000, 2007-2009, and 2015-2019).
It happened that the last period of mortality decrease in
2015-2019 coincides with the period of the previous 3
or 5 years, which is used in the standard methodologies
of mathematical mortality modelling. This caused the
predicted non-pandemic mortality in Lithuania for the
period of 2020-2021 to turn out to be much lower than
could be expected if the long-term mortality trend since
1960 was considered. Accordingly, the excess mortality
for 2020-2022 based on the long-term mortality trend
since 1960 was much lower than the excess mortality
estimated from the short-term trends for 2015-2019.

In our understanding, a method for estimating excess
mortality cannot be automatically applied to different
countries. Adapting the methodology to specific mortal-
ity dynamics in a particular country is essential. However,
due to the phenomenon’s complexity, the incomplete-
ness and unreliability of the data, the ambiguity of their
evaluation, and frequent bias, it is complicated to com-
pare excess mortality among different countries. Incor-
rect assessment of the results of the pandemic does not
allow an adequate evaluation of the effectiveness, bene-
fits, burden appropriateness, and legality of the measures
to prevent the pandemic. Therefore, we believe that it is
necessary to develop a more universal and reliable meth-
odology for assessing excess mortality, which would help
to avoid incompletely justified and controversial con-
clusions in such a sensitive public context as pandemic
management and help to choose adequate management
measures in future pandemics.

Conclusions

Our study has revealed that COVID-19 is the leading
cause of the increase in mortality in Lithuania in 2020-
2021. The impact of COVID-19 on mortality rates across
all age groups, both male and female, showed an increase
in 2021 compared to 2020.

The most significant impact of COVID-19 in 2021
on the overall mortality changes was estimated in the
55-74 male age group, while on female overall mortality
in 45-54 and 65-74 age groups. Relatively low vaccina-
tion rates among the elderly, poor general health status
of the Lithuanian population, insufficient health system
preparedness for managing emergencies, and different
challenges in managing the COVID-19 pandemic in Lith-
uania could be listed as underlying causes.
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