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Alcohol control policies 
reduce all‑cause mortality 
in Baltic Countries and Poland 
between 2001 and 2020
Justina Vaitkevičiūtė  1*, Inese Gobiņa  2,3, Kinga Janik‑Koncewicz  4,5, Shannon Lange  6,7,8,  
Laura Miščikienė  1,9, Janina Petkevičienė  1,10, Ričardas Radišauskas  11,12, Rainer Reile  1,13,  
Mindaugas Štelemėkas  1,10, Relika Stoppel  1,14, Tadas Telksnys  1, Alexander Tran  6, 
Jürgen Rehm  15,16,17,18,19,20,6,7,8, Witold A. Zatoński  4,5 & Huan Jiang  15,6

Alcohol consumption in the Baltic countries and Poland is among the highest globally, causing high 
all-cause mortality rates. Contrary to Poland, the Baltic countries have adopted many alcohol control 
policies, including the World Health Organization (WHO) “best buys”. The aim of this study was to 
evaluate the impact of these policies, which were implemented between 2001 and 2020, on all-cause 
mortality. Monthly mortality data for men and women aged 20+ years of age in Estonia, Latvia, 
Lithuania, and Poland were analysed for 2001 to 2020. A total of 19 alcohol control policies, fulfilling 
an a-priori defined definition, were implemented between 2001 and 2020 in the countries of interest, 
and 18 of them could be tested. Interrupted time-series analyses were conducted by employing a 
generalized additive mixed model (GAMM) for men and women separately. The age-standardized all-
cause mortality rate was lowest in Poland and highest in Latvia and had decreased in all countries over 
the time period. Taxation increases and availability restrictions had short-term effects in all countries, 
on average reducing the age-standardized all-cause mortality rate among men significantly (a 
reduction of 2.31% (95% CI 0.71%, 3.93%; p = 0.0045)). All-cause mortality rates among women were 
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not significantly reduced (a reduction of 1.09% (95% CI − 0.02%, 2.20%; p = 0.0554)). In conclusion, the 
alcohol control policies implemented between 2001 and 2020 reduced all-cause mortality among men 
20+ years of age in Baltic countries and Poland, and thus, the practice should be continued.

Alcohol is one of the main risk factors for non-communicable disease and injury, with more than 200 health 
conditions causally impacted1,2. In the World Health Organization (WHO) European Region, 10.1% of all deaths 
were attributable to alcohol use in 20162. Alcohol-attributable fractions (AAF) are the highest in the WHO 
European Region, compared to other WHO regions3. AAFs were especially high in Central, Eastern Europe 
and Baltic Countries4.

However, alcohol-attributable deaths and all-cause mortality could be reduced and life expectancy increased 
through the implementation of effective alcohol control policies5,6. Three policies have been highlighted by the 
WHO to be especially effective, cost-effective, and easy to implement; and have been labelled as “best-buys”. 
These measures include increasing taxes on alcoholic beverages, enacting and enforcing bans or comprehensive 
restrictions on exposure to alcohol advertising across multiple types of media, and enacting and enforcing 
restrictions on the physical availability of alcoholic beverages, for example, via reduced hours of sale7. Recent 
evidence corroborated this recommendation8. However, even though alcohol tax policies have been proven to be 
an effective tool in reducing alcohol harm, and there was strong evidence demonstrating the benefits of alcohol 
control fiscal policies9–11, they have been generally under-implemented in the European region4,12.

When evaluating the effectiveness of alcohol control policies, it is important to consider the influence of 
other factors related to alcohol consumption, such as changes in alcohol affordability due to the economic 
situation, inflation, purchasing power, growth of salaries and gross domestic product (GDP). For example, the 
economic crisis, which started in 2008, may have had an impact on the population’s alcohol consumption due 
to the decline in income13.

The three Baltic countries implemented different levels of alcohol availability, affordability, and marketing 
restrictions in the past 20 years14,15, meanwhile Poland established only a taxation increase in 2020, and even 
loosened control in 2002 via a decrease in alcohol excise taxation15. Some of these effects have been evaluated 
such as the 2017 alcohol control policy of increased excise taxation implemented in Lithuania11,16. However, a 
single evaluation of an alcohol control policy is subject to potential confounding by other events and conditions 
which may have happened at the same point in time17. Thus, we need to introduce as much control as possible; 
analysing several interventions in different countries in the same region allows for such control, and aids in 
determining the general impact of policies by aggregating effects across various time points and conditions. 
As the Baltic countries and Poland differ in the strictness of implemented alcohol control policies and the time 
points when the policies were adopted, they constitute unique conditions to evaluate such effects, where the 
other countries can serve as control conditions.

Concretely, we identified all policies that had been implemented within a timespan of two decades, which 
fulfilled clear a priori defined criteria of decreased affordability and availability [see15]. Simultaneously measur-
ing their average effect allowed for: (a) more generalizable estimates on average effect sizes of such policies; (b) 
better control for secular trends across the region, since we can use the other countries as control conditions for 
each policy effect; (c) better control of all other factors, as it is highly unlikely that, at exactly the same time of 
all 18 alcohol control interventions other events occurred which triggered the effects.

Thus, the aim of this study was to evaluate the impact of alcohol control policies applied by Poland and the 
three Baltic countries—Estonia, Latvia, and Lithuania—on all-cause mortality rates among the adult popula-
tion (20+ years of age) between 2001 and 2020. All-cause mortality was selected as the main outcome rather 
than alcohol-attributable mortality, as it is the most important endpoint from a public health point of view. 
Even though, this endpoint appeared only once in the meta-analyses of Wagenaar and colleagues18, it has been 
shown that in high-consuming countries of the WHO European Region, it can be affected by effective alcohol-
control policies (e.g.,5,6,11). To ascertain, that the effect was indeed based on causes of death related to alcohol 
we conducted a decomposition based on data from Lithuania and Estonia, where we had cause-specific data. 
Concretely, we hypothesized that the alcohol control policies implemented reduced all-cause mortality in the 
Baltic countries and Poland in 2001–2020 in the adult population.

Methods
Data.  The data for 2001–2020 (with exception of Poland, for which data covered the years 2001–2019) was 
obtained for Estonia from Statistics Estonia19, for Latvia from the Official Statistics of Latvia20, for Lithuania 
from Statistics Lithuania21 and The State Register of Death Cases and Their Causes22 and for Poland from the 
National Statistical Office23. To avoid including the impact of the coronavirus 2019 pandemic, data for December 
2020 were excluded from the analysis, given its high impact in this month, and the fact that it was the last month 
of the series, which should not impact on the overall evaluation. Population data were used to convert mortal-
ity count data to rates were obtained for each country from the Organisation for Economic Co-operation and 
Development (OECD)24. Mortality rates were standardized according to EU standard25.

Outcomes.  The dependent variable was monthly age-standardized all-cause mortality rate per 100,000 pop-
ulation for individuals 20+ years of age for men and women. A decomposition of changes by cause of death was 
undertaken for Lithuania and Estonia, as we had obtained cause of death data for these two countries. Deaths 
were calculated 12 months before (“pre-policy”) and 12 months after (“post-policy”) the implementation of the 
policy by country and sex (and summed up over all the policies in the respective country for Table 2, details in 
Supplementary Table S7).
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Intervention (alcohol control policies).  A total of 18 policies, classified as “best buys” and expected to 
have an immediate effect, were applied in the study period based on the following criteria15: (1) taxation increases 
should decrease affordability of alcoholic beverages (affordability was measured by data on alcohol prices, infla-
tion and disposable income); and (2) availability restrictions should reduce availability by at least 20% (decrease 
in opening hours at least 20%). Prior analyses showed that these policies had an impact on consumption level26. 
In Estonia, eight policies were selected; Latvia, five policies; Lithuania four policies; and in Poland, one policy 
(see Table 1; for detailed description of policies see Supplementary Tables S1–S4). The policy implemented in 
Poland could not be tested due to a lack of data for 2020 for this country. The effect was modelled to last for one 
year after implementation, and to test, whether other events at the same time in the country of implementation 
were impacting on the effect of the policy, we tested interaction terms between the countries and policies. One 
year was chosen as the time reference, as inflation and disposable income were expected to have an impact on 
affordability to diminish the impact of tax increases, and as we expected people to develop coping strategies to 
deal with availability restrictions. However, we tested a sensitivity analysis with a longer lasting but diminishing 
impact of the policies. For this sensitivity analyses, we set the full effect at 100%, and then reduced it by 10% per 
year in the following years (see Supplementary Table S6).

Potential confounding variables.  The effect of intervention was adjusted by the effects for level of mor-
tality in countries and economic recession on mortality. The latter was defined by a decrease in GDP based 
on purchasing power parities (GDP-PPP) based on data from OECD24. This operationalization was country-
specific, as the recession of 2008 affected the countries studied differently (see Supplementary Table S5).

Statistical analyses.  To test our hypothesis that alcohol control policies led to a reduction in all-cause 
mortality in the Baltic countries and Poland, we performed interrupted time-series analyses by employing a 
generalized additive mixed model (GAMM) for both men and women27. Both GAMM models controlled for the 
economic recession using a dummy coded variable, coded as 1 during the months which were associated with 
the recession, and 0 for all other time points. All four countries were included in the analyses and represented 
by a categorical variable, with Poland as the reference category. That is, the coefficients of country effects could 
be interpreted with respect to Poland. The log-transformed standardized all-cause mortality rates were approxi-
mately normally distributed, allowing for the use of linear models, and easy transformation into percentage 
change28. Seasonality was adjusted for by adding smoothing splines representing monthly and yearly patterns. 
Residuals were examined with plots of the autocorrelation function and the partial autocorrelation function to 
determine the orders of autoregressive and moving average series.

For both men and women, we presented a full model and a reduced model. In the full model, the linear 
time trend and policy effects were investigated, adjusted by economic recession, the countries and the interac-
tions between policies and countries, in addition to the smooth terms. Akaike information criterion (AIC) and 
R-squared were used to assist with selecting the most appropriate model29. A lower AIC value indicates a better 
fit; as such, the model with the lowest AIC was selected. The reduced model was created by optimizing the full 
model, which involved removing any non-significant covariates that did not improve the model’s fit. At last, Chi-
square difference tests were used to evaluate if the full model fits significantly better or worse than the reduced 
model30. All analyses were performed using R version 3.6.331.

Diagnostic graphs for the full and reduced models for both men and women can be found as Supplementary 
Figs. S1–S4.

Table 1.   Summary of alcohol control policies implemented in Baltic countries and Poland 2001–2020. *This 
policy was not included in data analysis, because 2001–2019 Poland data were used. More details about all 
policies published before14,15,26.

Year Estonia Latvia Lithuania Poland

2002 June 14 Availability reduced

2008
January 1 Taxation increase,
July 1 Taxation increase,
July 14 Availability reduced

February 1, July 1 Taxation 
increase

January 1 Taxation increase, 
Marketing restricted

2009 January 1 Availability reduced March 1 Taxation increase

2010 January 1 Taxation increase February 1 Taxation increase

2016 February 1 Taxation increase

2017 February 1, July 1 Taxation 
increase March 1 Taxation increase

2018 February 1 Taxation increase January 1 Availability reduced, 
Marketing restricted

2019 March 1 Taxation increase

2020 January 1 Taxation increase*
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Results
A total of 240 months of data were included in the analyses. Figure 1 shows the standardized mortality rates over 
time, which show a downward trend and evidence of seasonal variation. For both men and women, GAMM 
confirmed that the standardized mortality rates decreased over time after adjustment (see Tables 2 and 3).

Effects of policy.  The policy effects estimated in the full and reduced models were similar (Table 2). For 
example, the estimate for the policy effect for men was − 0.024 in the full model compared to − 0.023 in the 
reduced model (Table 2), despite the fact that standard errors were larger in the full model due to more variables 
included. In the final reduced model, alcohol control policies had a significant effect on the all-cause mortality 
rate among men (0.0228 (95% CI 0.0071, 0.0385; p = 0.0045)), which transformed into a reduction of 2.31% 
(1− exp(0.0228)*100%, 95% CI 0.71%, 3.93%) in all-cause mortality rate (Table 2). Given the different numbers 
of deaths in the countries, this corresponds to average effects of about 172, 317, 478, and 4340 deaths avoided per 
year for Estonia, Latvia, Lithuania, and Poland, respectively.

For females, the effect was not significant (0.0108; 95% CI − 0.0002, 0.0218; p = 0.0554), however because it 
approached a p < 0.05 threshold, we computed its effect, which transformed into 1.09% (1− exp(0.0108)*100%, 
95% CI − 0.02%, 2.20%), corresponding to average effects of around 84, 159, 218, and 1892 deaths avoided per 
year for Estonia, Latvia, Lithuania, and Poland, respectively (Table 3).

Effects of countries.  For men, Latvia had a higher age-standardized all-cause mortality rate than Poland 
(by 38.82% = exp(0.328) − 1)) (Table 2). Estonia and Lithuania also showed higher mortality than Poland: Esto-
nia by 16.01% (exp(0.1485) − 1) and Lithuania by 27.26% (exp(0.2411) − 1). The interaction effects of countries 
with alcohol control policies in the full model were not statistically significant, which reflected that the policies 
did not change all-cause mortality rates differently among the four countries.

Figure 1.   Standardized all-cause mortality rates (per 100,000) across time: the yellow shadow represents the 
occurrence of policy interventions.

Table 2.   Model statistics for the effects of the alcohol policies on age-standardized all-cause mortality rate for 
men.

Full model Reduced model

Estimate Std. Error 95% CI Pr( >|t|) Estimate Std. Error 95% CI Pr( >|t|)

(Intercept) 5.365 0.013 (5.34, 5.39)  < 0.001 5.387 0.014 (5.359, 5.415)  < 0.001

Time (months) − 0.001 0.000 (− 0.001, − 0.001)  < 0.001 − 0.001 0.000 (− 0.002, − 0.001)  < 0.001

Estonia 0.149 0.018 (0.114, 0.183)  < 0.001 0.130 0.010 (0.11, 0.149)  < 0.001

Latvia 0.328 0.015 (0.299, 0.357)  < 0.001 0.269 0.009 (0.251, 0.287)  < 0.001

Lithuania 0.241 0.011 (0.219, 0.263)  < 0.001 0.228 0.008 (0.213, 0.244)  < 0.001

Policy Intervention − 0.024 0.016 (− 0.055, 0.008) 0.145 − 0.023 0.008 (− 0.038, − 0.007) 0.005

Recession 0.000 0.009 (− 0.017, 0.016) 0.978

Estonia*policies 0.013 0.018 (− 0.022, 0.047) 0.478

Latvia*policies 0.007 0.018 (− 0.028, 0.042) 0.694

Lithuania*policies 0.006 0.018 (− 0.03, 0.041) 0.748

AIC = − 2787 AIC = − 2695
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For women, compared with Poland, Estonia and Latvia also had higher age-standardized all-cause mortality 
rate: Estonia by 21.40% (exp(0.1939) − 1) and Latvia by 8.93% (exp(0.0855) − 1) (Table 3). Lithuania, on the 
other hand, had a significantly lower age-standardized all-cause mortality rate, by − 4.57% (exp(− 0.0468) − 1) 
on average. Similar to men, the interaction effects between countries and policies in the full model were not 
statistically significant.

Figure 2 shows the mortality gains summed up over the 11 interventions in total and by broad causes of 
death. Overall, men showed markedly more gains than women. Differentiating by cause of death, ischemic heart 
disease had the largest mortality gains in mortality followed by injury, stroke and gastrointestinal disease. All of 
these categories are causally linked to alcohol1, and all of them are expected to change abruptly with changes in 
exposure, as evidenced by the changes in mortality due to the Gorbachev reforms32. As expected, there had been 
only minor changes in cancer mortality, in total comprising less than 5% of the total decrease (see Supplementary 
Table S7). While certain cancers have been identified as causally impacted by alcohol use, this relationship has 
a long lag-time, so no immediate changes of the alcohol control measures were expected32.

To test the impact of the assumption of an impact lasting one year, a sensitivity analysis was performed 
assuming that policies have longer lasting effects: after the first year, the effect decreased by 10% each year to 
account for inflation, higher disposable income, and adaptation to availability restrictions. With this assumption, 

Table 3.   Model statistics for the effects of the alcohol policies on age-standardized all-cause mortality rate for 
women.

Full model Reduced model

Estimate Std. Error 95% CI Pr( >|t|) Estimate Std. Error 95% CI Pr( >|t|)

(Intercept) 4.904 0.016 (4.874, 4.934)  < 0.001 4.904 0.015 (4.874, 4.934)  < 0.001

Time (months) − 0.001 0.000 (− 0.001, − 0.001)  < 0.001 − 0.001 0.000 (− 0.001, − 0.001)  < 0.001

Estonia 0.194 0.012 (0.171, 0.216)  < 0.001 0.194 0.011 (0.172, 0.215)  < 0.001

Latvia 0.086 0.015 (0.057, 0.114)  < 0.001 0.086 0.014 (0.058, 0.114)  < 0.001

Lithuania − 0.047 0.017 (− 0.081, − 0.013) 0.007 − 0.047 0.017 (− 0.081, − 0.014) 0.006

Policy Intervention − 0.010 0.009 (− 0.027, 0.008) 0.295 − 0.011 0.006 (− 0.022, 0) 0.055

Recession − 0.008 0.009 (− 0.026, 0.01) 0.384

Estonia*policies − 0.002 0.013 (− 0.027, 0.023) 0.875

Latvia*policies 0.004 0.013 (− 0.021, 0.029) 0.769

Lithuania*policies − 0.013 0.019 (− 0.05, 0.025) 0.509

AIC = − 2739 AIC = − 2745
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Figure 2.   Mortality gains in age-standardized all-cause mortality rates per 100,000 population in the 11 
interventions in Lithuania and Estonia, by broad causes of death. LTU Lithuanian, EST Estonian, IHD ischemic 
heart disease, GID gastrointestinal diseases.
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the effect for policy was no longer significant (details in the Supplementary Table S6). While the overall policy 
was not significant anymore, the policy in Estonia and Lithuania did show significant reductions in mortality.

Discussion
The alcohol control policies implemented in the Baltic countries and Poland were effective in significantly reduc-
ing all-cause mortality among men. Given the difference in the number of deaths across countries, the reduc-
tion corresponds to average effects of about 172, 317, 478, and 4340 deaths avoided per year for Estonia, Latvia, 
Lithuania, and Poland, respectively. Analyses by cause of death in a subsample confirmed that the reduction was 
indeed based on alcohol-attributable causes of death.

With respect to all-cause mortality among women, the impact of implemented alcohol control policies was 
in the right hypothesized direction (i.e., a reduction); however, it was not statistically significant. As such, the 
results of the data analysis partially confirm our hypothesis.

The results of this study contribute to other previous studies showing the effectiveness of alcohol control 
policies in reducing all-cause mortality6,11, when the WHO “best buys” alcohol control policies were adopted7.

There are several explanations for the differential impact on men and women. Men are more likely than 
women to consume alcohol, they consume more alcohol when they consume, they have a higher prevalence 
of alcohol use disorders, and they are more prone to behavioural problems associated with acute alcohol 
consumption33although women have a shorter time period between initiation of regular alcohol use and problem 
use compared to men34 and the gap between need and receipt of treatment is larger for women than for men35. 
In the WHO European Region the consumption of pure alcohol was four times higher among men compared to 
women in 2016, as a result the proportion of alcohol-attributable deaths was 12.3% among men and 7.8% among 
women4. It is possible that the stronger relationship between policies and all-cause mortality in men compared 
with women may be because alcohol accounts for a larger proportion of total mortality in men than in women. 
Although alcohol control policies of taxation increase and availability reduction in the Baltic countries and 
Poland have been found to be effective in reducing alcohol per capita consumption of pure alcohol per year26, 
future evaluation of the impact of these policies on specific population groups such as men and women would 
be important.

Life expectancy is determined by many factors, including demographic, economic, social, health system, and 
environmental factors. Also, health behaviours (like alcohol consumption) could have an impact on the average 
life expectancy of a country’s population36. The average life expectancy of men and women also varied between 
the Baltic countries and Poland, the inequalities being particularly large in Baltic countries, for instance in 2019 
the average life expectancy difference between men and women in Lithuania was 9.6 years (men—71.6 years, 
women—81.2 years), for comparison in Poland difference was 7.8 (men—74,1 years, women—81.9 years)37. As 
Stumbrys and colleagues indicated, positive changes in Lithuanian’s men life expectancy in 2007–2017 were result 
of decreased mortality from external causes of death, cardiovascular diseases and alcohol-related disorders38. 
These causes are clearly related to alcohol consumption, and therefore alcohol control policies are expected to 
have an impact on them. Changes in women’s mortality were less related to alcohol consumption and mortality 
from external causes of death, therefore alcohol control policies had less influence on them38. As a result, due 
to alcohol control policies implemented in Lithuania between 2008 and 2018, men’s age-standardized mortality 
decrease was higher compared to women11. On the contrary, increase in alcohol consumption in Poland between 
2002 and 2019 was found to be a feasible cause of slow down and then halted increase of life expectancy39.

We would like to point out potential limitations. All-cause mortality could be affected by various factors that 
is difficult to identify and control (prevention programs, health care funding, economic crisis, other policies, 
coronavirus 2019 pandemic, etc.). These factors were not controlled in this study. Therefore, we can assess the 
associations of policy and mortality indicators but cannot specifically imply on causality. However, in order to 
give alternative explanations of the results, these factors must have occurred exactly at the same months as the 
alcohol control policies in each or at least most of the 18 instances, which is unlikely. While we controlled for 
interactions between country and policies, we did not control for three-way interactions (i.e., time, country, 
policy). Also, we relied on the assessment that implementation of the taxation increases which reduced afford-
ability and availability restrictions had similar effect sizes. This assumption was based on expert judgement only15. 
Therefore, different policies and the different number of policies included in the analysis could have an impact 
on cross-country comparisons. Finally, we modelled the effect of alcohol control policies to last one year. While 
the effects of such policies clearly will diminish due to factors such as inflation, increases in disposable income 
for taxation, and adaptation of consumers for availability restrictions (e.g.,40), the 1-year assumption is likely an 
underestimate. However, a sensitivity analysis with longer lasting effects, showed different effects by country, 
with the effects only being significant in Lithuania and Estonia.

Against our hypotheses, the economic crisis of 2008 which affected the Baltic countries at slightly different 
times (see above) contributed to a reduction of affordability of alcoholic beverages and was associated with a 
reduction of alcohol per capita consumption26. However, within an economic crisis or other crisis situation 
there may also be an increase in heavier drinkers despite the overall volume of alcohol going down13,41–43. Eco-
nomic crisis has affected funding for the health systems by decreasing public expenditures on health care, which 
may have affected health indicators (life expectancy, all-cause mortality etc.) and public health was particularly 
affected in countries with highest recession44.

It is important to mention that uniqueness of this study is that it evaluates the impact of immediately acting 
“best buy” alcohol control policies implemented in Estonia, Latvia, and Lithuania, on a broad measure, all-cause 
mortality, without distinguishing between policies and countries. Poland was included in the analyses, but as 
a control country only, as the only alcohol control policies that met the a priori defined criteria implemented 
between 2000 and 2020 was outside the range of data available for analyses. Since we included all instances of 
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policy change, and still found impact on all-cause mortality, this indicates, that the “best buy” policies of taxation 
increases, and availability restrictions are still very valid and should be used more often to decrease all-cause 
mortality.

This study has demonstrated that alcohol control policies were associated with a reduction in all-cause mortal-
ity among men in the Baltic countries between 2001 and 2020. All-cause mortality among women also decreased, 
but not significantly so.

Data availability
Mortality data of the countries is held by government institutions and is not publicly available. Data can be 
provided by the responsible government institutions of the countries upon request (National Statistical Office of 
Poland, Official Statistics of Latvia, Statistics Estonia, Statistics Lithuania and The State Register of Death Cases 
and Their Causes, Lithuania).
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