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Abstract 

Background: Despite being two Baltic countries with similar histories, Estonia and Lithuania have diverged in life 
expectancy trends in recent years. We investigated this divergence by comparing cause-specific mortality trends.

Methods: We obtained yearly mortality data for individuals 20 + years of age from 2001–2019 (19 years worth of 
data) through Statistics Lithuania, the Lithuanian Institute for Hygiene, and the National Institute for Health Develop-
ment (Estonia). Using ICD-10 codes, we analyzed all-cause mortality rates and created eight major disease categories: 
ischemic heart disease, cerebrovascular disease, all other cardiovascular disease, cancers (neoplasms), digestive dis-
eases, self-harm and interpersonal violence, unintentional injuries and related conditions, and other mortality (deaths 
per 100,000 population). We used joinpoint regression analysis, and analyzed the proportional contribution of each 
category to all-cause mortality.

Results: There was a steeper decline in all-cause mortality in Estonia (average annual percent change, 
AAPC = -2.55%, 95% CI: [-2.91%, -2.20%], P < .001) as compared to Lithuania (AAPC = -1.26%, 95% CI: [-2.18%, -0.57%], 
P = .001). For ischemic heart disease mortality Estonia exhibited a relatively larger decline over the 19-year period 
(AAPC = -6.61%, 95% CI: [-7.02%, -6.21%], P < .001) as compared to Lithuania (AAPC = -2.23%, 95% CI: [-3.40%, -1.04%], 
P < .001).

Conclusion: Estonia and Lithuania showed distinct mortality trends and distributions of major disease categories. 
Our findings highlight the role of ischemic heart disease mortality. Differences in public health care, management and 
prevention of ischemic heart disease, alcohol control policies may explain these differences.
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Introduction
Epidemiologic transition refers to a temporal change 
in population-level patterns of health and disease (e.g., 
fertility, life expectancy, mortality, and leading causes 

of death) and its interaction with demographics, and 
sociologic and economic determinants [1]. As countries 
undergo development and transition there is gradual 
shift from high infant mortality rates, low life expectancy, 
and predominantly infectious diseases, to low infant 
mortality, increasing life expectancy, and a higher prev-
alence of degenerative and/or man-made diseases [2]. 
Epidemiological transitions become more nuanced over 
time [3–6]. Notably the reductions in the prevalence of 
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communicable diseases leads to an increase in chronic, 
degenerative man-made disease [1], however the rela-
tive proportion of each type of chronic diseases does not 
remain static. Life expectancy gains in Western European 
countries (e.g., Germany) are attributed to reductions in 
the burden of CVD, accompanied by an increase in the 
relative prevalence of cancers [7]. Analyzing the specific 
contribution of disease categories in a country can iden-
tify target areas for public policy, reduce all-cause mor-
tality by addressing the largest burdens of disease, and 
subsequently lead to better socioeconomic development 
[6, 8].

Cardiovascular disease (CVD) has been considered a 
marker for achieving improved socioeconomic outcomes 
and higher life expectancy in Russia and surround-
ing countries. A shift in the burden of different types of 
chronic disease, however, may indicate a fourth epide-
miological transition. For instance, the decline in CVD in 
Estonia as compared to Russia, is cited as a contributing 
factor to the subsequent decrease in all-cause mortality 

[9, 10]. Importantly, there is some indication that alco-
hol is an underlying factor [11, 12]. In the countries that 
were formerly a part of the Soviet Union, the high adult 
mortality rate has been attributed to lifestyle factors (e.g., 
heavy binge drinking [6, 13]) and has distinguished these 
countries from other high-income European countries 
[8].

In terms of epidemiological transition theory, the 
Soviet Union (and after its dissolution, Russia and the 
surrounding countries) emerged as a unique case. There 
was a substantial reduction in maternal and early child-
hood mortality rates in the Soviet Union and a decline in 
infectious diseases, however the life expectancy began to 
stagnate in the 1970s and 1980s (see Fig. 1). The end of 
the Soviet Union in the 1990s was followed by diverging 
trends (due to political reform and health policy changes) 
between countries, once they regained their independ-
ence [12, 14]. Evidently the mortality trends of these 
countries form a cluster; according to the Global Burden 
of Disease Study in 2019, there is a distinct pattern of low 

Fig. 1 Comparison of life expectancy between the Baltic states (EST = Estonia, LTU = Lithuania, LVA = Latvia) between 1960 and 2019. Data 
obtained from The World Bank [19]
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childhood and high adult mortality in the former Soviet 
Union countries in Central Europe which is distinct from 
other neighbouring countries [8, 15]. Estonia and Lithu-
ania were part of the Soviet Union, until the restoration 
of their formal independence in 1991 (de facto in 1990), 
and these two countries share some sociocultural charac-
teristics. Both countries have a culture of heavy drinking 
including heavy episodic drinking, which may have con-
tributed to relatively higher liver cirrhosis mortality rates 
compared to some other European countries [13, 16–18].

Since the fall of the Soviet Union, both countries dem-
onstrated similar patterns, overall, in life expectancy, 
which can be characterized by an initial decline in the 
early 1990s, followed by an increase until the years of 
2000–2005. The patterns soon diverged in the sub-
sequent years; in Lithuania there was a decline in life 
expectancy until 2008, followed by a slower acceleration, 
whereas Estonia increased in life expectancy from 2005 
onward [20]. Thus, although both countries were able to 
regain independence and were ushered into the European 
Union at the same time, in May 2004, life expectancy in 
the years that followed differed quite dramatically. Esto-
nia achieved a stable increase in life expectancy earlier, 
compared to Lithuania [9, 20]. Noteworthy, is the fact 
that when Estonia regained its independence, it had a 
lower life expectancy relative to Lithuania; however, over 
the subsequent years (1990s – mid 2000s) Estonia began 
to consistently trend upward in life expectancy, surpass-
ing Lithuania (although in recent years the gap has begun 
to narrow). In Lithuania, life expectancy rose in the 
1990s before stagnating through the mid 2000s, dropping 
between 2005 and 2007, then regaining an upward trend 
[20].

To further explore the distinct patterns between Esto-
nia and Lithuania, this article analyzes the different tra-
jectories of mortality rates in these two separate, but 
similar countries. We investigate the differences in spe-
cific causes of death and their relative contributions to 
all-cause mortality, we analyze the temporal trends in 
all-cause mortality between these countries, and analyze 
the change in temporal trends of cardiovascular diseases, 
a leading cause of death in Eastern European countries 
[11]. Decomposing the temporal trends in all-cause 
mortality and cause-specific contributions may identify 
where there are distinct mortality trends between these 
two countries and help to inform policy makers on key 
areas to improve life expectancy in these countries.

Methods
Data
For Lithuania and Estonia, we obtained data for the 
number of cause-specific deaths per year separated by 
5-year age groups (0–4, 5–9, 10–14, 15–19,…,85 +) 

and by sex from 2001 to 2019 (19  years worth of data). 
Access to the data was granted through Statistics Lithu-
ania and the Lithuanian Institute of Hygiene, and from 
the National Institute for Health Development (Estonia) 
respectively [21–23]. The specific causes of death were 
coded as per the International Classification of Diseases 
(ICD-10, [24]). The number of deaths resulting from 
individual causes were then grouped into eight unique 
pre-determined categories: ischemic heart disease, cer-
ebrovascular disease, neoplasms, digestive diseases, all 
other cardiovascular disease (other CVD), self-harm 
and interpersonal violence, unintentional injuries and 
related conditions, and other causes of death (see Table 
S1 in the Supplementary Materials for each category 
and the corresponding ICD-10 codes). The data sources 
included only country residents in their mortality counts, 
with only a small fraction of deaths outside of the coun-
try recorded by each registry (0.1% of deaths in Estonia 
were residents abroad, and 1.2% in Lithuania). and These 
categories were also in line with that of the Institute for 
Health Metrics and Evaluation (IHME) and the Global 
Burden of Disease (GBD) Study [8, 25]. Five of these cat-
egories were identified in the GBD as among the highest 
cause-specific mortality rates for non-communicable dis-
eases (NCDs, [26]).

Dependent variable
The dependent variable was yearly age-standard-
ized mortality rate per 100,000 people for individuals 
20 + years of age (using the European Standard, [27]) for 
males, females and both sexes combined. We computed 
mortality rates for the eight cause-specific categories. 
In a sensitivity analysis, we also standardized mortality 
rates using the World Health Organization standard (see 
Supplementary Materials). Given that the Lithuania data 
were provided as monthly data, we aggregated the deaths 
into yearly values in order to compare across countries.

Statistical analyses
We first tested a general linear trend for all-cause mortal-
ity in each country using a joinpoint regression analysis. 
The joinpoint regression analysis is a statistical procedure 
that employs a permutation method to determine inflec-
tion points from time series data and identifies linear 
trends in the data. It iteratively analyzes the data to deter-
mine the best fit for a set of linear segments determined 
by a pre-determined maximum number of inflection 
points (joinpoints). The maximum number of joinpoints 
for our analyses was set to three (as is recommended for 
17–21 data points, [28]). As well, the analysis computes 
an annual percentage change (APC) for each linear seg-
ment, which is the slope of the segment, or change in rate 
for each year. It also computes an overall average annual 
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percentage change (AAPC), which is the APC, averaged 
across all linear segments of the time series. The join-
point analysis was performed using the Joinpoint Regres-
sion Program, version 4.9.0.1 [29]. We also decomposed 
all-cause mortality into specific causes, and performed 
separate joinpoint regression analyses for all eight major 
disease categories to identify time periods where there 
was a significant change in the slope, as well as AAPC for 
cause-specific mortality rates.

We compared each country’s all-cause mortality rate at 
the beginning of the dataset (2001), the mid-point of the 
dataset (2010) and the final data point (2019), and meas-
ured the relative contribution of each cause-specific mor-
tality rate to identify how the proportion of these causes 
changed between each of these time points for each 
country respectively. These additional analyses were per-
formed in R version 4.0.4 [30].

Fig. 2 Joinpoint analysis of all-cause (Graph a) and ischemic heart disease (Graph b) mortality rates (deaths per 100,000 people, 20 + years of age) 
for Estonia (dashed) and Lithuania (solid). Raw data shown by points, joinpoint trends shown by lines, with joinpoints identified are enclosed by 
triangles
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Results
For both sexes combined, as per the joinpoint regression 
analyses, Estonia had a larger AAPC decrease in all-cause 
mortality (AAPC = -2.55%, 95% CI: [-2.91%, -2.20%], 
P < 0.001) during the study period (2001–2019) than 
Lithuania (AAPC = -1.26%, 95% CI: [-2.18%, -0.57%], 
P = 0.001) (See Fig.  2). In both Estonia and Lithuania, 
three joinpoints were identified; in Estonia, the first join-
point was in 2003, 95% CI: [2003, 2008] and the second 
was in 2007, 95% CI: [2006, 2012] and the final point was 
in 2011, 95% CI: [2010, 2017]. In Lithuania, the first join-
point was in 2007, 95% CI: [2003, 2009] and the second 
was in 2011, 95% CI: [2006, 2014] and the final point 
was in 2016, 95% CI: [2009, 2017]. Specifically, in Esto-
nia the slopes of three of the four segments in all-cause 
mortality were negative, with a p-value of P < 0.05, which 
were considered statistically significant. Meanwhile in 
Lithuania, only the second and the final segment had a 
decline with a P < 0.05 (the other two segments did not 
pass the P < 0.05 threshold; see Table 1 for full statistics of 
APC for each segment). When separated by sex, the all-
cause mortality trend in Estonia was better approximated 

by females with 3 joinpoints (see Fig.  5) and significant 
declines in the latter 3 segments (see Table  3). In con-
trast, the all-cause mortality trend in Lithuania was bet-
ter approximated by male mortality, demonstrating the 
same 3 joinpoints (see Fig.  5), but notably there was 
a significant increase in mortality in the first segment 
(APC = 0.84%, 95% CI: [0.11%, 1.58%], P < 0.03).

In addition, we performed a joinpoint analysis on 
ischemic heart disease mortality rates and also found 
that there was a steeper overall decline in Estonia 
(AAPC = -6.61%, 95% CI: [-7.02%, -6.21%], P < 0.001]) 
than Lithuania (AAPC = -2.23%, 95% CI [-3.40%, -1.04%], 
P < 0.001, see Fig. 2. For ischemic heart disease, in Esto-
nia there was only one joinpoint, whereas in Lithuania 
there were three joinpoints. In Estonia, the joinpoint 
was in 2009, 95% CI: [2007, 2011] and in Lithuania, the 
joinpoints were in 2006, 95% CI: [2006, 2008], in 2009, 
95% CI: [2007, 2014], and in 2016, 95% CI: [2014, 2017]. 
In Estonia, both segments showed a decline in ischemic 
heart disease mortality which were considered statisti-
cally significant at P < 0.05, with an acceleration in slope 
in the second segment, while in Lithuania, the first two 
segments were not significant, however the decline in 
ischemic heart disease mortality from 2009 onward was 
considered significant at P < 0.05 (see Table  2 for model 
selection based on comparisons with different joinpoints 
using Bayesian information criterion). When separated 
by sex, the IHD trend in Estonia was similar for both 
males and females, with only a single joinpoint (see Fig. 5 
and Table 3). Meanwhile the IHD trend in Lithuania was 
better approximated by female mortality, demonstrating 
3 joinpoints, of which only the final segment had a sig-
nificant decline.

When we decomposed all-cause mortality rates into 
the eight major disease categories, in Estonia, the largest 
contributors were ischemic heart disease (between 15.4% 
and 35.1%), all other cardiovascular diseases (between 
7.9% and 33.1%), and neoplasms (between 16.4% and 
25.7%, see Supplementary Table 2, and Figs. 3 and 4). In 
Lithuania, the causes of death that contributed the most 
to all-cause mortality across the 19-year period were, 
ischemic heart disease (between 34.3% and 40.1%), fol-
lowed by neoplasms (between 17.2% and 23.7%), and 
cerebrovascular diseases (between 12.8% and 14.5%, see 
Supplementary Table  3, Figs.  3 and  4). The joinpoint 
regression findings, for both sexes combined, are shown 
in the main text, with analyses for all-cause mortality and 
ischemic heart disease are presented in Figs. 2, 3 and for 
individual sexes in Fig. 5. For all other categories, and sex 
specific analyses, see the Supplementary Materials.

For the three time points of interest, (the beginning of 
the study period: 2001, the mid-point: 2010 and the final 
data point: 2019), in Estonia, the most notable changes 

Table 1 Annual percentage change in mortality rate from 
joinpoint analysis (both sexes)

Note: APC Annual percentage change, AAPC Average annual percentage change

Time period APC 95% CI p-value

All-cause mortality

 Estonia

  Segment 1 2001 – 2003 -1.32 [-3.54, 0.95] P = .21

  Segment 2 2003 – 2007 -2.47 [-3.51, -1.42] P < .001

  Segment 3 2007 – 2011 -4.81 [-5.82, -3.79] P < .001

  Segment 4 2011 – 2019 -1.77 [-1.98, -1.55] P < .001

  Total AAPC -2.55 [-2.91, -2.20] P < .001

 Lithuania

  Segment 1 2001 – 2007 0.39 [-0.49, 1.29] P = .34

  Segment 2 2007 – 2011 -3.61 [-6.29, -0.85] P = .02

  Segment 3 2011 – 2016 -0.80 [-2.49, 0.91] P = .31

  Segment 4 2016 – 2019 -2.85 [-5.58, -0.05] P = .05

  Total AAPC -1.26 [-2.18, -0.57] P = .001

Ischemic heart disease mortality

 Estonia

  Segment 1 2001 – 2009 -5.28 [-6.01, -4.51] P < .001

  Segment 2 2009 – 2019 -7.66 [-8.18, -7.14] P < .001

  Total AAPC -6.61 [-7.02, -6.21] P < .001

 Lithuania

  Segment 1 2001 – 2006 -.42 [-1.60, 0.78] P = .44

  Segment 2 2006 – 2009 -3.69 [-10.59, 3.75] P = .28

  Segment 3 2009 – 2016 -1.37 [-2.21, -0.52] P = .006

  Segment 4 2016 – 2019 -5.68 [-8.55, -2.73] P = .002

  Total AAPC -2.23 [-3.40, -1.04] P < .001
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were an increase in the proportion of cancer (neoplasm) 
mortality rate; 16.4% (2001), 21.8% (2010), 25.7% (2019), 
as well an increase in all other cardiovascular diseases; 
7.9% (2001), 22.4% (2010), 33.1% (2019). As well, there 
was a substantial decrease in ischemic heart disease; 
35.1% (2001), 29.1% (2010), 15.4% (2019). Changes in 
the proportion of other causes for Estonia can be found 
in Supplementary Table 2. In Lithuania, the relative pro-
portion of each cause remained largely stable, however 
there was a trend of increasing proportion of cancer 
(neoplasm) mortality; 17.8% (2001), 18.8% (2010), 23.7% 
(2019), and other mortality rate; 7% (2001), 7.8% (2010), 
10.5% (2019). As well there was a slight decrease in 
ischemic heart disease; 40.1% (2001), 38.3% (2010), 34.3% 
(2019). All other changes can be found in Supplementary 
Table 3.

Discussion
Our findings demonstrate nuanced differences in all-
cause mortality and cause-specific mortality trends 
between two Baltic countries. Countries of the former 
Soviet Union exhibit a unique life expectancy profile, 

associated with worse health outcomes as compared to 
other European countries [8]. Despite some similarities, 
there is evidence of an earlier epidemiological transition 
in Estonia than Lithuania (e.g., cardiovascular revolution 
[6]). In Estonia, there was a steeper decline in all-cause 
mortality, and in ischemic heart disease (although there 
was an increase in deaths due to other cardiovascular 
diseases, it was less than that decline in ischemic heart 
disease, see Supplementary Materials). Noteworthy as 
well, was that there was a higher all-cause mortality rate 
in Estonia between 2001 and 2003. Although Estonia had 
a lower IHD mortality rate during this time, the differ-
ence in all-cause mortality appeared to be due to higher 
cerebrovascular and other mortality rates in Estonia than 
Lithuania.

The AAPC decline in ischemic heart disease mortal-
ity rates in Estonia was nearly 3 times the magnitude of 
Lithuania. As well, in Lithuania, the proportion of all-
cause mortality deaths attributed to ischemic heart dis-
ease remained relatively stable, whereas in Estonia, the 
proportion declined substantially over time. The greater 
progress in ischemic heart disease mortality in Estonia 

Table 2 Model selection via Bayesian Information Criterion (BIC), joinpoint regression analysis

Note: Final models selected are highlighted in grey. BIC Bayesian information criterion
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as compared to Lithuania mirror the findings in the 2019 
data from the Global Burden of Disease (GBD) Study; 
that is Estonia has a higher life expectancy of 81.8 years 
and 74.0  years in women and men respectively, and 
78.0  years in both sexes, relative to Lithuania, where it 
is 80.7 years and 71.5 years in women and men, respec-
tively, and 76.2 years in both sexes [8, 25]. It is worth not-
ing that the trends in all-cause mortality and IHD showed 
very subtle differences between sexes, with the same gen-
eral trends across time. The progress in Estonia is also 
apparent when compared to other surrounding countries 
(e.g., Russian Federation [31]). While Estonia has seen 
improvements and a reduction in the life expectancy gap 
with other EU countries, there remains a larger gap with 
Lithuania [9, 20, 31, 32].

Overall, we found that Estonia had an increasing pro-
portion of deaths due to other CVD, and a growing pro-
portion of deaths due to cancers, despite a general trend 
of declining mortality rate due cancers. In Estonia, given 
that the decline in cancer mortality rate (approximate 
30 deaths per 100,000 individuals) was not as steep as 
all other CVD (600 deaths per 100,000 individuals) this 
explains the increasing proportion due to cancer deaths. 
Some of the change in all other CVD mortality rate may 
reflect a change in coding practices in the reporting of 
causes of death (differences in coding practices have been 
also reported elsewhere, [18]), with decreasing empha-
sis on IHD as a cause of death. Still, when combining 
any CVD-related cause of death, it is clear that the car-
diovascular diseases (i.e., cerebrovascular, ischemic heart 
disease, all other CVD), exhibited a downward trend in 
Estonia that was steeper than Lithuania (see Supplemen-
tary Materials). A high proportion of CVD mortality and 
of cancer is in line with countries in North America and 
Western Europe [8]. In some of these countries, the bur-
den of CVD is continuing to decline, accompanied by a 
rise in the burden of disease of cancer deaths [11, 33]. 
Our findings indicate that Estonia may be developing a 
profile similar to the Western European counterparts, 
and thus entering an epidemiological transition.

A significant risk factor of ischemic heart disease is 
heavy episodic drinking, and given the history of high 
alcohol consumption in Lithuania, it would be reason-
able to suspect that alcohol may play a significant role 
in the burden of disease [12, 34]. Despite a decline in 
all-cause mortality, there was a relatively high propor-
tion of ischemic heart disease deaths. Heart disease is 
a product of multiple risk factors, many of which are 
behaviour-based (e.g., diet, exercise, smoking, alcohol 
consumption). Improving health outcomes in Lithuania 
may include reducing alcohol consumption, increasing 
public awareness of risk factors for ischemic heart dis-
ease (e.g., lack of exercise, poor diet) and developing 

Table 3 Annual percentage change in mortality rate from 
joinpoint analysis (sex-specific)

Note: APC Annual percentage change, AAPC Average annual percentage change

Males

Time period APC 95% CI p-value

All-cause mortality

 Estonia

  Segment 1 2001 – 2007 -1.69 [-3.54, 0.95] P < .001

  Segment 2 2007 – 2011 -5.09 [-3.51, -1.42] P < .001

  Segment 3 2011 – 2019 -2.04 [-2.27, -1.08] P < .001

  Total AAPC -2.61 [-2.90, -2.32] P < .001

 Lithuania

  Segment 1 2001 – 2007 0.84 [0.11, 1.58] P = .03

  Segment 2 2007 – 2010 -3.48 [-5.75, -1.14] P = .01

  Segment 3 2010 – 2019 -0.97 [-2.38, 0.45] P = .15

  Segment 4 2016 – 2019 -3.04 [-5.37, -0.66] P = .02

  Total AAPC -1.28 [-1.97, -0.60] P < .001

Ischemic heart disease mortality

 Estonia

  Segment 1 2001 – 2008 -4.78 [-5.68, -3.88] P < .001

  Segment 2 2008 – 2019 -7.26 [-7.67, -6.83] P < .001

  Total AAPC -6.30 [-6.69, -5.90] P < .001

 Lithuania

  Segment 1 2001 – 2005 -.32 [-1.78, 1.16] P = .64

  Segment 2 2005 – 2016 -1.85 [-2.16, -1.55] P < .001

  Segment 3 2016 – 2019 -5.12 [-7.52, -2.67] P < .001

  Total AAPC -2.07 [-2.57, -1.57] P < .001

Females

Time period APC 95% CI p-value

All-cause mortality

 Estonia

  Segment 1 2001 – 2003 -1.03 [-3.75, 1.76] P = .41

  Segment 2 2003 – 2008 -3.30 [-3.30, -4.01] P < .001

  Segment 3 2008 – 2011 -4.84 [-4.84, -7.42] P < .001

  Segment 4 2011 – 2019 -1.64 [-1.64, -1.87] P = .003

  Total AAPC -2.58 [-3.07, -2.08] P < .001

Lithuania

  Segment 1 2001 – 2007 -0.22 [-1.08, 0.64] P = .58

  Segment 2 2007 – 2010 -3.75 [-9.93, 2.84] P = .23

  Segment 3 2010 – 2019 -1.29 [-2.49, 0.91] P < .001

  Total AAPC -1.35 [-2.37, -0.32] P = .01

Ischemic heart disease mortality

 Estonia

  Segment 1 2001 – 2009 -5.33 [-6.33, -4.32] P < .001

  Segment 2 2009 – 2019 -8.33 [-9.01, -7.65] P < .001

  Total AAPC -7.01 [-7.54, -6.47] P < .001

 Lithuania

  Segment 1 2001 – 2006 -0.76 [-2.28, 0.77] P = .28

  Segment 2 2006 – 2009 -4.10 [-12.80, 5.47] P = .34

  Segment 3 2009 – 2016 -1.29 [-2.38, -0.19] P = .02

  Segment 4 2016 – 2019 -5.75 [-9.42, -1.94] P = .009

  Total AAPC -2.37 [-3.87, -0.85] P = .002
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prevention programs for ischemic heart disease. Indeed, 
Estonia transitioned to insurance-based healthcare and 
increased the number of family medicine/general prac-
titioners (which improves access to medical care, and 
improves patient involvement in healthcare) earlier than 
Lithuania [35–37]. As well, there is less funding spent on 
emergency care in Estonia, and more spent on healthcare 
management, preventative measures, and out of hospi-
tal care. These factors may have led to better treatment 
of ischemic heart disease, however the causal impact on 
mortality is an area for future studies [38, 39].

Identifying the causal factors leading to the differ-
ences found between these countries will require addi-
tional studies. Notably we identified periods of change 
using the joinpoint analysis; specifically in 2007 for all-
cause mortality in both countries, and 2009 for IHD in 

both countries. A key event that may have been related 
to the change in mortality in 2007 would be the finan-
cial crisis, as declining discretionary spending would 
decrease alcohol consumption and alcohol-attribut-
able harm, as found elsewhere [40]. For Estonia there 
was a steeper decline in IHD, which could be due to 
a large increase in alcohol taxation just prior to 2009 
[41]. As alluded to above, other contributing factors 
may include healthcare spending, or alcohol control 
policies as they relate to IHD. Recent alcohol control 
policy changes have begun to reverse alcohol consump-
tion trends in both countries [32, 41]. Lithuania has 
decreased its alcohol consumption from a peak of 14.7 
L of pure alcohol consumption per capita (15 + years of 
age) in 2011, to 11.1 L of pure alcohol consumption per 
capita (15 + years of age) in 2019. Estonia, on the other 

Fig. 3 Mortality rate (deaths per 100,000 individuals, 20 + years of age) in Estonia (Graph a) and Lithuania (Graph b), separated by causes between 
2001 and 2019. Mortality rate in each year across all categories adds up to all-cause mortality



Page 9 of 12Tran et al. BMC Public Health         (2022) 22:1984  

hand, has more substantially decreased its consump-
tion from an earlier peak of 14.8 L of pure alcohol con-
sumption per capita in 2007, to 10.4 L of pure alcohol 
consumption per capita in 2019 [42].

There are a few limitations to note in our analyses. 
First, we separated causes of death into only eight major 
categories according to the GBD; however, there are vari-
ous other ways to categorize cause of death data. Second, 
our findings are observational in nature, thus we can 
only hypothesize as to why these countries differ. Other 
studies could employ more focused analyses which can 
support causal attributions (e.g., interrupted time series 
analyses) investigating causal factors (e.g., alcohol con-
sumption) on these mortality trends. Finally, we looked 
at only two countries and their respective profiles to 

estimate an epidemiological transition, however future 
studies may also compare the changes across all of the 
Baltic states (including Latvia), as well as surrounding 
countries (e.g., Northern European countries).

In the present paper, we have demonstrated that Esto-
nia and Lithuania, two geographically close, high-income 
Baltic countries in the European Union with similar his-
tory pertaining to the former Soviet Union, exhibit dif-
ferent epidemiological profiles with respect to mortality. 
There were notable differences in temporal trends in all-
cause mortality rates, as well as cause-specific mortal-
ity rates. Furthermore, examination of the proportional 
contribution of CVD suggests key differences in ischemic 
heart disease mortality, which may led to differences in 

Fig. 4 Proportional contributions of each cause-specific category to all-cause mortality rate (deaths per 100,000 individuals, 20 + years of age) in 
Estonia (Graph a) and Lithuania (Graph b). For each year the mortality rate is divided into the individual cause-specific categories, and the categories 
are shown as a percentage of the all-cause mortality rate
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life expectancy these two countries. By identifying cause-
specific mortality trends over time, interventions aimed 
at reducing the main contributors to all-cause mortality 
rate can be formulated, which can lead to improvements 
in health and social development.
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