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Abstract

Background and Aims: The relationship between alcohol consumption and cirrhosis is well 

established. Policies that can influence population-level use of alcohol should, in turn, impact 

cirrhosis. We examined the effect of population-level alcohol control policies on cirrhosis 

mortality rates in Lithuania –a high-income European Union country with high levels of alcohol 

consumption.

Methods: Age-standardized, monthly liver mortality data (deaths per 100,000 adults, aged 

15+) from Lithuania were analysed from 2001 to 2018 (n = 216 months) while controlling for 

economic confounders (gross domestic product and inflation). An interrupted time-series analysis 

was conducted to estimate the effect of three alcohol control policies implemented in 2008, 2017 

and 2018 and the number of cirrhosis deaths averted.

Results: There was a significant effect of the 2008 (P < .0001) and 2017 (P = .0003) alcohol 

control policies but a null effect of the 2018 policy (P = .40). Following the 2008 policy, the 

cirrhosis mortality rate dropped from 4.93 to 3.41 (95% CI: 3.02–3.80) deaths per 100,000 

adults, which equated to 493 deaths averted. Further, we found that following the 2017 policy, 

the mortality rate dropped from 2.85 to 2.01 (95% CI: 1.50–2.52) deaths per 100,000 adults, 

corresponding to 245 deaths averted.

Conclusions: Our findings support the hypothesis that alcohol control policies can have a 

significant, immediate effect on cirrhosis mortality. These policy measures are cost-effective and 

aid in reducing the burden of liver disease.

Keywords

alcohol policy; alcohol-related liver disease; interrupted time-series analysis; population-level 
interventions

1 | INTRODUCTION

Cirrhosis is a major cause of death that has globally increased its proportion of all deaths 

despite marked decreases of age-standardized mortality rates in low-income countries.1 

Alcohol use has long been established as a major risk factor for cirrhosis,2,3 and since 

the publication of the International Classification of Diseases (ICD-3) in 1920, alcoholic 

cirrhosis has always been presented as a distinct condition with its own unique code 

(ICD-10: K70 and ICD-11: DB94.3, DB94.10),4 although it has been widely recognized 

that the involvement of alcohol is often not recorded on the death certificate,5 so that the 

combined category of cirrhosis is often used in analyses. The status of alcohol as a risk 

factor opens the possibility to reduce cirrhosis mortality with population-level public health 

interventions in addition to proven effective therapies.6
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On the individual level, the toxic effects of alcohol on the liver may take many years to 

accumulate, often resulting in a lagged effect of consumption on mortality rates.7 However, 

if alcohol use is markedly reduced, in addition to the lagged effects there are immediate 

effects on mortality at a population level, as several natural experiments have shown, such 

as the Gorbachev-era reforms of drastically reducing alcohol sales in the Soviet Union,8 the 

invasion of Paris by the Germans,9 and the introduction of prohibition.10

However, the question of whether less drastic events such as implementing restrictive 

alcohol control policies (eg increases in excise taxes for alcohol) can also achieve marked 

reductions in cirrhosis remains. There is some controversy surrounding this idea. While 

some reviews point to pricing policies and other general population measures as the best 

practice for alcohol control policies with respect to alcohol-attributable liver disease,11,12 

other reviews did not find conclusive evidence in this regard.13,14 For instance, in a 

systematic review by Nelson13 only two out of nine studies found a significant decrease 

in cirrhosis after alcohol price increases.

The implementation of increased alcohol excise taxation in 2017 in Lithuania, a high-

income European Union member state will be used to analyse the effect of alcohol control 

policy on cirrhosis mortality. Lithuania has a complex history, both of its governance of 

control of alcohol, and its alcohol consumption. Lithuania established its independence 

in 1918, developing its own governance over alcohol control policies, until the 1940s 

when it was occupied and became part of the Soviet Union. Alcohol regulation became 

controlled by the Soviet Union, most notably alcohol became more tightly regulated during 

the Gorbachev-era campaign in the 1980s, a response to an increase in alcohol-attributable 

mortality. Accordingly, there was an increase in the legal drinking age, reduced availability 

of alcohol and an increase in alcohol prices, and reduced alcohol production.15 Lithuania 

later regained its independence in 1990 and simultaneously approved the Provisional Basic 

Law (an equivalent of temporary Constitution; the new Constitution of the Republic of 

Lithuania came into effect in 1992). The first few years of Independence Lithuania are 

marked by a lack of formally established alcohol control policies. One of the first significant 

measures was the introduction of excise duties on alcohol in 1994, followed by the Law on 

Alcohol Control in 1995 when a supervisory body and governing act restored state control 

and the implementation of alcohol control policies.16 Consequently, the cirrhosis trends in 

Lithuania are also complex. Following a rise and drop in deaths due to the occupation 

by the Soviet Union and the Gorbachev reform eras respectively, there has been a steady, 

about fourfold, increase in the cirrhosis mortality rate between the 1990s and 2017.17 Then 

it started to continuously drop, but in 2019 rates are still at more than twice the level of 

1990.18

To this day, despite decreases in consumption, Lithuania continues to have one of the 

highest alcohol-attributable mortality rates and remains in the upper quintile in levels of 

consumption per capita.19

In the present work, we aimed to analyse changes in liver mortality rates following the 

introduction of major alcohol control policies that were expected to have sizeable effects on 

health outcomes,20 testing both immediate and lagged effects. The policies selected were 
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based on the World Health Organization (WHO) ‘best buys’,21 which are expected to have 

a substantial impact on alcohol consumption,20 and consequently on cirrhosis rates. Our 

main hypothesis was that the implementation of such policies would result in a significant 

immediate reduction in the age-standardized cirrhosis mortality rates.

2 | METHODS

2.1 | Data

Mortality data were obtained from the Lithuanian University of Health Sciences which 

received access to the datasets through Statistics Lithuania (data from 2001 to 2009) and the 

Lithuanian Institute of Hygiene (data from 2010 to 2018). The dataset contained cirrhosis 

death counts (ICD-10 codes K70 and K74: cirrhosis and alcoholic cirrhosis, respectively) 

by sex and age for all months between January 2001 and December 2018. Deaths were 

grouped into five-year age groups up to age 84, with another group denoting people ages 85 

years and older. Analyses were performed separately for men and women, and for both sexes 

combined. Based on experiences that alcoholic cirrhosis is often not coded correctly,22,23 

and based on changes of coding practices in Lithuania for this condition,24 we collapsed all 

kinds of cirrhosis into one category in the main analysis, with a sensitivity analysis of only 

alcoholic cirrhosis presented in the Supplementary Materials. In total, the dataset contains 

mortality data spanning the entire 18-year period (n = 216 months).

2.2 | Dependent variable

The dependent variable measured was monthly cirrhosis mortality rate per 100,000 

population computed for the age group 15+ years; standardized using WHO standard.25 

As only yearly population data were available, we performed a linear interpolation to derive 

monthly population values in order to calculate monthly mortality rates.

2.3 | Key influencing factors

We selected three alcohol policies based on the WHO ‘best buys’ framework, which are 

classified as the most cost-effective, and based on those expected to have the strongest 

immediate impact on alcohol consumption (ie those classified as ‘Tier 1’ by Rehm et al 

202120). Specifically, among all of the ‘best buys’ (taxation, bans on advertising, restriction 

of availability), criteria were determined to evaluate the relative strength of the intervention: 

for taxation, we selected only taxation changes which were large enough to result in less 

affordability for the following year (based on data on alcohol affordability from Statistics 

Lithuania, demonstrating that the disposable income increased less than the average price 

for alcoholic beverages26). The alcohol taxation policy changes on 1 January 2008, and 

1 March 2017, fulfilled these criteria, and are analysed here as Policy 1 and Policy 2 

respectively. With respect to availability, we selected policies that fulfilled the criteria of 

marked decreases in general availability, for example by a reduction in opening hours 

(for comparable effect sizes27). Based on this criterion, 1 January 2018, was selected and 

analysed as Policy 3. Since the effect of a ban on marketing was expected to be delayed by 

several years, we did not anticipate these effects to be a primary driver for an immediate 

change in liver mortality rates. However, it should be noted that a ban on advertising 

was implemented at the same time as taxation during Policy 1, thus this effect should be 
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considered when interpreting the effect of this event on the time series. The exact policies 

are described in Table 1 and were implemented on 1 January 2008 (Policy 1), 1 March 2017 

(Policy 2) and 1 January 2018 (Policy 3, see Supplementary Table S9 for a general overview 

of all alcohol control policies introduced from 2001 to 2018; for more detailed breakdown of 

policies, see also Miščikienė et al16).

2.4 | Economic control variables

To account for possible confounding factors, we considered the following four variables in 

the analyses: gross domestic product (GDP), inflation rates (consumer price index, CPI), the 

economic crisis (dummy coded as occurring from October 2008 to December 200928) and 

unemployment rates.26 When all variables were included in a model, the economic crisis 

variable and unemployment rates were not significant predictors of mortality rates and thus 

were excluded from our analyses. GDP more accurately represents an indicator of changes 

in income and is a key driver for affordability, and thus an important confounding variable 

for studies of the effects of taxation increases on mortality. Similarly, but in the opposite 

direction, inflation rates were included in the models to account for a reduced impact of 

taxation increases, as taxation law in Lithuania consists of fixed excise duties on alcoholic 

beverages, which decrease in value with inflation.

2.5 | Statistical analyses

We analysed basic descriptive statistics of the dataset (eg average mortality rates for 

men and for women, cirrhosis average mortality rate for each age group). To address 

our hypothesis that alcohol control policies can reduce the burden of cirrhosis, we 

performed interrupted time-series analyses by employing a generalized additive mixed 

model (GAMM29). In the GAMM, seasonality was adjusted by adding a smoothing term 

that was a cyclic cubic spline with 12 knots (ie a monthly pattern). Residuals were examined 

with plots of the autocorrelation function and partial autocorrelation function to determine 

the orders of auto-regressive (AR) and moving average (MA) series and were controlled 

for by using the Box-Jenkins method (ARIMA (p, d, q) model, where p, q and d are 

the order of autoregression, differencing and moving averages). Next, we introduced the 

effects of the three policies implemented during the time series. Given that cirrhosis is a 

chronic disease that develops over a number of years,30 we expected some lagged effects 

of alcohol control policy, before the peak impact of reduced consumption would appear. 

However, natural experiments such as the Gorbachev-era reforms or the German invasion 

into Paris, have consistently shown that the main effect of reducing alcohol availability is 

almost immediate.31 We specified lag-periods based on Holmes and colleagues7 assuming 

the full effect of the policy to accrue within a 2-year period (60% for the first month after 

policy enactment, 85% for the following 11 months, 90% for the following 12 months, and 

100% for the remainder of the time series).

In a sensitivity analysis, we also examined the assumption of an abrupt full effect without 

lags (see Supplementary Materials). To estimate the impact of the significant policy effects, 

we produced a counterfactual estimate of the mortality rate for the policies. Based on the 

methods of Jiang et al,32 for each significant policy, we created a GAMM model for the 

mortality rates leading up to their implementation based on the covariates only. We then 
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used these counterfactual GAMM models (models without the policy effect included) to 

predict the mortality rate for the 12 months following the introduction of the policy. Each 

counterfactual model included the economic covariates, seasonal effect and autoregressive 

effects (see Supplementary Table S8 for full details of counterfactual models). As indicated 

above, a sensitivity analysis was also conducted for alcoholic cirrhosis (ICD-10 code K70) 

specifically. All analyses were performed using R version 4.0.2.33

3 | RESULTS

As expected, there was a significantly higher cirrhosis mortality rate among men (3.60 ± 

1.15 deaths per 100,000 adults) when compared to women (1.46 ± 0.50 deaths per 100,000 

adults; Welch’s t test, t(293.39) = −25.13, P < .0001). The highest average mortality rate 

was among middle-aged (60–64 years old) adults (6.28 ± 2.78 deaths per 100,000 adults, see 

Table 2 and Figure 1).

The model explained over 60% (adjusted-R2 = 0.65) of the variance in cirrhosis mortality. 

In the model, the effect of GDP was significant and had a positive correlation with the 

cirrhosis mortality rate (ie the higher the GDP, the higher the cirrhosis rate); in addition, the 

effect of inflation was significant and had a positive correlation with cirrhosis (see Figure 

2). In the model, there was also a significant effect of Policy 1 and Policy 2 on mortality, 

with both policies leading to decreased mortality rates, but no effect of Policy 3 (see Table 

3). Separate analyses for men and women indicated that for each sex, there was also a 

significant, negative association of Policy 1 and Policy 2 on cirrhosis mortality rates. There 

was a slightly better fit of the model in males (adjusted-R2 = 0.62) compared to females 

(adjusted-R2 = 0.54) as indicated by a higher R2, however, both sexes had similar sized 

standardized effects for each respective policy (Policy 1 males, Cohen’s d = 0.62, Policy 1 

females, Cohen’s d = 0.82, Policy 2 males, Cohen’s d = 0.51, Policy 2 females, Cohen’s d = 

0.73, See Table 3).

According to the model, in the 12-month period following 1 January 2008, the average 

monthly mortality rate was 3.41 (95% CI = 3.02, 3.80) deaths per 100,000 adults, translating 

to an estimated 1,108 (95% CI = 983, 1,234) deaths in 2008. We compared this estimated 

mortality rate to the counterfactual estimate, which predicted a mortality rate following the 

policy of 4.93 (95% CI = 4.49, 5.36) deaths per 100,000 adults, translating to an estimated 

1,601 (95% CI = 1,460, 1,742) deaths in 2008, suggesting that 493 (95% CI = 477, 508) 

deaths were averted due to Policy 1 (see Figure 2). Following Policy 2 (1 March 2017, 

increased taxation), between March 2017 to April 2018 the mortality rate was estimated to 

be 2.01 (95% CI = 1.50, 2.52) deaths per 100,000 adults, translating to 580 (95% CI = 489, 

727) deaths during that 12-month period. The counterfactual model estimated a mortality 

rate of 2.86 (95% CI = 2.47, 3.25) deaths per 100,000 adults, translating to an estimated 

825 (95% CI = 713, 937) deaths during that same 12-month period and suggesting that 245 

(95% CI = 209, 279) deaths were averted due to Policy 2 (see Figure 3, See Supplementary 

Materials for sex-specific results). Given that Policy 3 was not significant, we did not 

translate the effect into deaths averted.
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In our sensitivity analyses, we also analysed a model where the effects of Policies 1–3 

were dummy coded (ie no lagged structure, with an immediate, maximal effect). The 

results of this analysis showed that the non-lagged effects were very similar to the lagged 

effects (see Supplementary Material). In another sensitivity analysis, the same models were 

tested on deaths coded specifically as alcoholic cirrhosis mortality rates (see Supplementary 

Materials).

4 | DISCUSSION

We found that two out of three alcohol control policies evaluated in this study were 

associated with an immediate reduction in cirrhosis mortality rates, for both men and 

women, as well as each sex separately. In women, the mortality rate was half that of men, 

however, the standardized effect was similar between the sexes indicating that although the 

estimated effect of the policies in females was a decrease of less than 1 death per 100,000 

adults per month, the relative impact of the policy effects was equal to that of males. Thus, 

it appears that the policies have a significant impact, even when there is a relatively low 

number of monthly deaths. Another notable difference between the genders was that there 

was no seasonal variation in mortality rates in women, while there was in men. In sum, 

across all analyses, our models showed that cirrhosis mortality rates declined following the 

enactment of Policy 1 (January 2008) and Policy 2 (March 2017). Notably, the immediate 

decline in mortality rates following Policy 1 from 4.93 to 3.41 (approximately 30.4%) was, 

in a relative sense, similar to Policy 2 (from 2.86 to 2.01, approximately 29.4%). Notably, 

the individuals between the ages of 45 and 64 appear to have the highest mortality rates due 

to cirrhosis (peaking in the 60–64 age group for both sexes); meanwhile younger age groups 

have a much lower mortality rate due to cirrhosis (one half to one-third of the average 

monthly rate), emphasizing the fact that it is a chronic condition. Yet, in the present paper, 

we showed that there were immediate declines in mortality rates following two of the policy 

implementations.

It is worth pointing out that Policy 1 included several alcohol control policy measures which 

included taxation, whereas Policy 2 only involved increases in alcohol excise taxation. There 

was also a combination of other factors occurring around 2008. In Lithuania, the period 

of rapid economic growth between 2001 and 2007 was marked by a doubling of alcoholic 

cirrhosis deaths. We were able to control for these economic confounds (eg inflation and 

GDP were used as covariates), allowing for a more robust test of the policy effects and 

lending support for our hypothesis that these effects in our models were due specifically 

to the alcohol control policies. In addition to the named interventions (Table 1), in 2008, 

the ‘Year of Sobriety’ was declared. The social and political change, overlap of multiple 

policies and the economic recession in 2008 gives us reason to be cautious about claiming 

the effects found for Policy 1 were due to any one alcohol policy intervention (ie taxation 

only). Others have found similar results, such that there was a dramatic decrease in mortality 

in Lithuania around 2008, but unlike their work, we controlled for economic indicators and 

thus provide more convincing support for the impact of alcohol policy on mortality.28 Still, 

it is also possible that the changing social and political climate played a role in the apparent 

fall of cirrhosis mortality rates in 2008. For instance, the widespread economic shock due 

to the recession and its effect on alcohol consumption and alcohol-related disease may have 
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affected individuals across the socioeconomic spectrum differently.34 Thus, analyses of how 

economic hardship affects cirrhosis rates for various groups may be an avenue for future 

studies.

Our findings are consistent, however, with other research that shows that significant changes 

in per capita alcohol consumption predict changes in liver disease mortality rates. 35,36 We 

also show that alcohol policies can have significant, immediate effects on cirrhosis, a chronic 

disease. It was surprising that restricting opening hours of alcohol sales (a ‘best buy’ policy 

included in Policy 3) had no discernable effect on cirrhosis mortality rates, but this null 

finding may be due to its position in the time series, that is, the policy was implemented 

towards the end of the dataset with insufficient data points to establish this effect. A recent 

simulation study found that when policy effects are positioned towards the end of a dataset, 

the estimated impact of a policy effect may not be as accurately captured with an interrupted 

time-series analysis.32 In addition, the null effect of the various measures in Policy 3 may 

also have been be due to the fact that this intervention is expected to have more of an 

impact on causes of death associated with acute harm due to alcohol (rather than a chronic 

disease)37–39 or in the case of advertisement and marketing restrictions, have more long term 

effects via changing the culture.40 In addition, this policy was at the end of a longer period 

of a collection of alcohol policies, notably, the significant effects of Policy 2, which may 

have interacted with Policy 3. In this paper, we focus on the immediate effects of alcohol 

control policy on cirrhosis deaths, as longer-term trends are difficult to model correctly with 

interrupted time-series analysis.29 Longitudinal trends are affected by multiple, interacting 

factors and can have various specifications. In future work, it may be possible to test 

different longitudinal models of restricting alcohol availability on cirrhosis deaths once more 

data is available for analysis. In addition, future studies may aim to better separate the results 

of our time-series analyses to investigate and compare the individual effects of each policy. 

That is, what policies specifically, were most effective in reducing cirrhosis mortality, and 

how long did these effects last? It is probably that this would be best modelled with daily 

data on cirrhosis hospitalizations and a longer time series.

Due to the coding practices for cirrhosis in Lithuania, alcoholic and non-alcoholic cirrhosis 

deaths were not separated in the present study. Specifically, there seems to be a tendency 

to code cirrhosis as non-alcoholic, given the social perceptions and political stigma 

surrounding the heavy drinking culture in Lithuania. Therefore, there is a reason to 

believe that the alcoholic cirrhosis rates are underestimated.22,23 In general, deaths due 

to alcohol-attributable conditions are associated with a large degree of stigma, often leading 

to highly underestimated reports (for a classic paper see Puffer23; for a recent review see 

Rehm et al22). Noteworthy, however, the tendency to code alcohol-attributable condition as 

non-alcohol-attributable conditions would not affect the findings if the under-reporting of 

alcohol-attributable conditions were constant over time. However in the case of Lithuania, 

there were continued attempts to improve the coding practices for 100% alcohol-attributable 

causes of deaths, with the most recent attempt being in 2019.24 For this reason, we chose 

all cirrhosis as the more reliable measure for our analyses. However, the sensitivity analysis 

with alcoholic cirrhosis showed a nearly identical effect of alcohol policy on mortality rates 

(full detailed statistics can be found in the Supplementary Materials). One limitation of the 
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study, however, was that we analysed mortality rates due to cirrhosis, and not necessarily 

deaths that had cirrhosis as an accompanying disease.

Overall, the present paper demonstrates that alcohol control policy measures directed at 

the general population can have a meaningful impact on cirrhosis mortality rates in a high-

income European country. These findings are particularly encouraging given that the policies 

implemented are part of the WHO’s ‘best buys’ – that is to say, they are interventions that 

are feasible, cost-effective and have the potential to have a significant impact on alcohol-

attributable deaths. The study highlights the importance of implementing effective policy 

interventions in addition to individual-level interventions, in order to reduce the burden of 

liver disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

Some countries in the European region have among the highest levels of alcohol 

consumption globally. Given the strong association between alcohol consumption and 

cirrhosis, we explored the link between alcohol control policies introduced in Lithuania 

(namely high alcohol taxation and availability restrictions) and their effect on cirrhosis 

deaths. We found that taxation policies in 2008 and 2017 resulted in significant 

immediate declines in cirrhosis mortality in Lithuania, indicating that population-level 

policies related to alcohol can have a substantial impact on liver disease.
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FIGURE 1. 
Distribution of mean monthly cirrhosis mortality rate (deaths per 100,000 adults) from 2001 

to 2018, separated by 5-year age groups, and for both sexes combined
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FIGURE 2. 
General additive mixed model (GAMM) of cirrhosis mortality rate (deaths per 100,000 

adults, 15+ years of age), as predicted by GDP and inflation, and 3 policy effects with 

seasonality and ARIMA (auto-regressive, integrated moving average) terms (black line). 

Rates presented are for both sexes combined and are age-standardized according to the 

WHO standard, 95% Cis are also shown in light grey. Policy 1 and Policy 2 were 

significant (raw observed mortality rates (also age-standardized to WHO standard) of 

cirrhosis mortality rate (points))

Tran et al. Page 14

Liver Int. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Estimated number of cirrhosis deaths as predicted by the model (black) and as predicted by 

the counterfactual GAMM model (grey). Significant policies included Policy 1 in January 

2008, and Policy 2 in March 2017, estimates were made for the 12-month period after the 

implementation of each policy, with 95% Cls. Estimated deaths averted were computed as 

the difference between the policy model and the counterfactual GAMM model: 493 deaths 

averted following Policy 1 and 245 deaths averted following Policy 2
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TABLE 2

Descriptive statistics of average monthly cirrhosis mortality rate separated by sex and 5-year age groups

Average monthly mortality rate (deaths per 100,000)

Age group Males Females

15–19 0 0

20–24 0 0

25–29 0.01 0

30–34 0.09 0.03

35–39 0.66 0.20

40–44 1.75 0.58

45–49 3.24 1.13

50–54 4.95 1.69

55–59 6.52 2.38

60–64 7.80 3.08

65–69 7.89 4.08

70–74 8.74 4.47

75–79 7.55 2.85

80–84 4.78 1.80

85+ 3.55 1.47
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