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Abstract
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Background: Liver cirrhosis is a major cause of deaths in many developed countries. There is
evidence that beverage preference may have modifying influence on liver cirrhosis risk independently
of the amount of alcohol consumed.

Keywords: Liver cirrhosis mortality; Beverage-
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The aim of this study was to examine the relation between the consumption of different beverage
types and liver cirrhosis mortality rates in Russia.

Method: Time-series analytical modeling techniques were used to examine the relation between
the sale of different alcoholic beverages (vodka, wine, beer) and age-standardized male and female
liver cirrhosis mortality data for the period 1970-2005.

Results: Total alcohol sale is a statistically significant associated with both male and female liver
cirrhosis mortality rates, implying that a 1-litre increase in per capita alcohol sale is associated with an
increase in male mortality of 17.2% and female mortality of 5.3%. The analysis also suggests that of
the three beverages (vodka, beer and wine) vodka alone was associated with liver cirrhosis mortality in
Russia. The estimated effects of vodka sales on the liver cirrhosis mortality rate are clearly statistically
significant for both sexes: a 1 liter increase in vodka sale would result in a 37.6% increase in the male

U

liver cirrhosis mortality rate and in 9.3% increase in female mortality rate.

Conclusions: The findings from present study support the substantial literature which
demonstrates a close link between alcohol consumption and liver cirrhosis mortality at aggregate level,
and most important, suggests that this relationship is mediated by beverage preference.

Introduction

Liver cirrhosis is a major cause of deaths in many developed
countries [1]. Over the last three decades liver cirrhosis mortality
rates have gradually declined in the European Union [1]. This overall
decline, however, masks large differences in trends between member
states. In the wine drinking countries of Southern Europe (France and
Italy), a reduction in liver cirrhosis mortality rates is being observed,
mainly related to the decline in overall alcohol consumption [2].
Conversely, liver cirrhosis mortality rates have increased across the
spirits/beer binge drinking countries of Northern Europe and Britain
[2]. An increase in liver cirrhosis mortality rates also appeared in
Eastern Europe, particularly in the former Soviet republics [3]. The
reasons for geographic differences in liver cirrhosis mortality rates are
still poorly understood and most likely are because of differences in
the risk factors, including alcohol consumption [2,3].

There is general consensus about causal role of alcohol for the
risk of liver cirrhosis [4-7]. Liver cirrhosis mortality rate is a reliable
indicator of the alcohol-related harm at the population level since
there is a strong relationship between mortality rate and alcohol
consumption per capita [8]. The outcome of the time series analysis
showed a positive and statistically significant relationship between
liver cirrhosis mortality and population drinking in 13 of 14 Western
European countries for males and in 9 countries for females [9]. It
appears that the effect of alcohol on liver cirrhosis mortality rate was

stronger in the northern European spirits countries characterized
by a binge drinking pattern, than in the southern European wine
countries with a high average consumption, which is more evenly
distributed throughout the week. A positive and statistically
significant relationship between per capita alcohol consumption and
liver cirrhosis mortality was found in eight of nine Eastern European
countries [10]. Furthermore, estimates were stronger in spirits
drinking Eastern European countries than in ‘non-spirits’ countries.

Severalindividuallevel studies have reported that the consumption
of particular beverages was related to liver cirrhosis morbidity and
mortality. In a survey of over 30.000 persons in Denmark, drinking
beer or spirits was more likely to be associated with liver cirrhosis
disease than drinking wine [11]. Longnecer and coauthors [12]
demonstrated that consumption of large amount of distilled spirits
was associated with higher risk of liver cirrhosis mortality among
white immigrant of first-generation residents of Pennsylvania. Some
clinical studies have found that the type of alcohol consumed may
influence the risk of developing liver disease. In particular, Bode
and coauthors [13] reported a strong association between the risk of
alcoholic liver disease and beer consumption in alcoholics. In another
study, spirits (tequila) was the predominant beverage in the group of
patients with alcoholic liver disease [14].

A number of studies have examined beverage specific alcohol
consumption and liver cirrhosis mortality at the aggregate level. In
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his pioneering work Schmidt and Broneto [15] using cross-sectional
analysis of US states data reported that wine had the strongest
association with liver cirrhosis mortality. Terris [16] in his analysis
of time series from the US, Canada, and the UK highlighted that per
capita wine and spirits consumption contribute to trends in mortality
from liver cirrhosis. Gruenevald and Ponicki [17] using cross-
sectional time-series analysis based on data from 50 states in the
United States found a beverage specific effect of distilled spirits sales
on liver cirrhosis mortality rates: 1% increases in spirits sales were
reflected in 0.282% increases in cirrhosis mortality rates. At the same
time, there were no significant effects for either beer or wine sales.
Similarly, Roizen and coauthors [18] reported that liver cirrhosis
mortality is more strongly associated with consumption of spirits
than with other alcoholic beverages in the US from 1949 and 1994,
when it was primarily a beer-drinking country. Kerr and coauthors
[19] replicates this finding in his cross-sectional time series analysis
based on data from five predominantly beer-drinking English-
speaking countries and identified spirits to be largely responsible for
the association between alcohol and liver cirrhosis mortality rates. A
time series analysis based on Belarusian data also indicated that liver
cirrhosis mortality have a close link to spirits consumption than to
wine/beer and total alcohol consumption [20]. In a recent analysis of
time series from Australia between 1935 and 2006 spirits consumption
was found to be the main driving factor in liver disease mortality
rate between 1935 and 1975, while beer consumption was found to
be the most significant predictor in the last three decades [21]. The
disparities of beverage specific effects on liver cirrhosis mortality rates
in previous studies are likely due to considerable variation in drinking
patterns and other risk factors over time and regions.

Russia ranks among the world’s heaviest drinking countries with
an annual official consumption rate about 10 litres of pure alcohol
per capita, while independent estimates show a figure as high as 17
litres [22,23]. The distinctive trait of Russian drinking culture is a high
overall level of alcohol consumption and the heavy episodic (binge)
drinking pattern of strong spirits (vodka), leading to an increase in
deaths from alcohol poisoning and cardiovascular diseases [24-26].
In line with these pieces of evidence, we assume that occasional heavy
drinking of vodka in Russia should result in a positive association
between vodka sale and liver cirrhosis mortality at the aggregate level.
In this study we will test the hypothesis of beverage-specific effect
on liver cirrhosis mortality by analyzing Russian’s time series data
between 1970 and 2005.

Methods
Data

The data on age-adjusted sex-specific liver cirrhosis mortality
rates per 1000.000 of the population are taken from the Russian
State Statistical Committee (Rosstat). The Rosstat’s cause of death
classification has undergone several changes in recent decades. Until
1988 the cause of death classification was based upon the Soviet
nomenclature which had a limited number of causes of death in
comparison with the International Classification of Diseases (ICD)
system. From 1989-1998 Rosstat used a coding scheme that was
based on ICD-9. From 1999 a new coding system based on ICD-10

was introduced. Rosstat issued a table of correspondence between
its classification system and ICD-9 and ICD-10 and it has been
claimed that the Russian system of coding is compatible with ICD-
9 codes 571.0 and with ICD-10 codes K 70.2. While alcoholic liver
cirrhosis mortality is often greatly underreported [27], the total liver
cirrhosis mortality category, not simply the sub-category “alcoholic
liver cirrhosis” has been used. This approach reflects prevailing
reservations about the validity of subgroup discriminations in the
coding of cirrhosis mortality. The data on per capita beverage-specific
alcohol sales (vodka, wine, beer in liters of pure alcohol) as a proxy for
total alcohol consumption were taken from Rosstat’s annual reports
(www.gks.ru).

Statistical analysis

To examine the relation between changes in the consumption
of different types of alcoholic beverage and liver cirrhosis mortality
across the study period a time-series analysis was performed using the
statistical package “Statistica”. The dependent variable was the annual
liver cirrhosis mortality and the independent variables were aggregate
beverage-specific alcohol sales. Bivariate correlations between the
raw data from two time-series can often be spurious due to common
sources in the trends and due to autocorrelation [28]. One way to
reduce the risk of obtaining a spurious relation between two variables
that have common trends is to remove these trends by means of a
‘differencing’ procedure, as expressed in formula:

This means that the annual changes ‘V’ in variable X are analyzed
rather than raw data. The process whereby systematic variation within
a time series is eliminated before the examination of potential causal
relationships is referred to as ‘prewhitening’. This is subsequently
followed by an inspection of the cross-correlation function in order
to estimate the association between the two prewhitened time series.
It was Box and Jenkins [29] who first proposed this particular method
for undertaking a time series analysis and it is commonly referred
to as ARIMA (autoregressive integrated moving average) modeling.
This method provides a more sophisticated statistical approach to
the evaluation of trend data. We used ARIMA modeling to estimate
the relationship between the time series liver cirrhosis mortality
and alcohol consumption rates in this paper. In line with previous
aggregate studies [30-32], we estimated semi-logarithmic models
with logged output. The following model was estimated:

VLnM, =a+ VA +VN,

where V means that the series is differenced, M is liver cirrhosis
mortality rates, a indicates the possible trend in mortality due to
other factors than those included in the model, A is the beverage-
specific alcohol sales, § is the estimated regression parameter, and N
is the noise term. The percentage increase in liver cirrhosis mortality
rates associated with a 1-litre increase in alcohol sales is given by the
expression: (exp(f3,)-1)*100.

A change in aggregate level drinking is expected to have an
immediate effect on acute forms of alcohol-related problems (such
as accidents and injuries), as well as a long-term effect on chronic
problems (liver cirrhosis) [30]. As liver cirrhosis attributed to the
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chronic rather than acute alcohol-related problems we should expect
that the mortality response to changes in aggregate level alcohol
consumption will be distributed over several years [30]. Thus, we
should consider the time-lag problem. In order to deal with this
problem we inspected the cross-correlations between two time series
at different lags.

Results

The average per capita alcohol sales figure was 8.2 liters with vodka
being the drink overwhelmingly consumed. However, these mean
figures mask differing trends among the beverages across the period
(Figure 1). While there has been a slight drop in vodka sales from 4.84
liters in 1970 to 3.88 liters in 2005 and wine sales have remained at
roughly the same level there has been a sharp growth in beer sales —
especially in recent years. Between 1998 and 2005 the per capita sales
figure for beer rose from 1.16 to 3.08 liters. It is also worth noting
that beverage sales have experienced sharp fluctuations across the
period. Thus, a brief Andropov’s anti-alcohol campaign in the early
1980s resulted in a decline in vodka sales. An especially sharp fall was
recorded in vodka and wine sales in 1985-1987 that coincided with
Mikhail Gorbachev’s anti-alcohol campaign. Similarly, the collapse
of the Soviet Union and the ending of the state’s alcohol monopoly
in the early 1990s were accompanied by a sharp rise in vodka sales.

According to official statistics, the male liver cirrhosis mortality

rate increased 3.5 times (from 134.9 to 469.5 per 1 000.000 of
population) and female mortality rate increased 3.9 times (from 65.4
to 255.2 per 1 000.000 of population) in Russia from 1970 to 2005.
Across the whole period the male liver cirrhosis mortality rate was
2.2 times higher than the female rate (214.8 vs. 98.9 per 1 000.000)
with a rate ratio of 2.1 in 1970 decreasing to 1.8 by the 2005 (Table 1).
For both sexes the time series liver cirrhosis mortality rates fluctuate
greatly over the period: decreased markedly between 1984-1988 (by
31.8% and 19.8% for men and women respectively), than started on an
upward trend from 1988-1989, before increasing substantially during
1992 to 1995 (by 84.8% and 74.8% for men and women respectively)
(Figures 2-3). From 1995-1998 there was a fall in the rates before
they again jumping dramatically between 1998 and 2005 (by 113.9%
and 147.5% for men and women respectively). Although the trends
in liver cirrhosis mortality rates are rather similar over time series
for both sexes, the male mortality rate tends to fluctuated across time
series to a much greater extent than the female rate.

The graphical evidence suggests that the trends in both vodka sale
per capita and liver cirrhosis mortality for males and females seem
to follow each other across the time-series (Figures 1 and 2). There
were sharp trends in the time series data across the study period.
These trends were removed by means of a first-order differencing
procedure. After prewhitening the cross-correlations between alcohol
consumption and liver cirrhosis mortality time series were inspected.

litres

—O=— Vodka
= 0= _Beer
+=>= Wine

1970
1972
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Figure 1: Beverage-specific alcohol sale in Russia between 1970 and 2005.

Table 1: Descriptive statistics, Russia 1970-2005.

1988
1990
1992
1994
1996
1998
2000
2002
2004

\EE] Std. Dev.

Total alcohol sales (liters) 8.18 2.03
Vodka sales (liters) 4.44 1.15
Wine sales (liters) 2.39 0.99
Beer sales (liters) 1.33 0.58
Liver cirrhosis mortality rate males (per 1 000.000) 214.8 85.4
Liver cirrhosis mortality rate females (per 1 000.000) 98.9 50.0
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Figure 2: Trends in male liver cirrhosis mortality rate (right scale) and vodka sale per capita (left scale) in Russia between 1970 and 2005.
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Figure 3: Trends in female liver cirrhosis mortality rate (right scale) and vodka sale per capita (left scale) in Russia between 1970 and 2005.

This indicated that there was a statistically significant cross-correlation
between total per capita alcohol sale, vodka and beer sales and liver
cirrhosis mortality for males and females at lag zero (Tables 2 and 3).
At the same time, there was no cross-correlation between the level of
wine sale and liver cirrhosis mortality rates.

The specification of the bivariate ARIMA model and outcome of
the analyses are presented in Table 4. According to the results, total
alcohol sale is a statistically significant associated with both male and
female liver cirrhosis mortality rates, implying thata 1-litre increase in

per capita alcohol sale is associated with an increase in male mortality
of 17.2% and female mortality of 5.3%. The analysis also suggests
that of the three beverages (vodka, beer and wine) vodka alone was
associated with liver cirrhosis mortality in Russia. The estimated
effects of vodka sales on the liver cirrhosis mortality rate are clearly
statistically significant for both sexes: a 1 liter increase in vodka sale
would result in a 37.6% increase in the male liver cirrhosis mortality
rate and in 9.3% increase in female mortality rate. The association
between beer sale per capita and liver cirrhosis mortality rate was also
positive for both sexes, but statistically not significant.
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Table 2: Effects of beverage specific alcohol sale per capita on liver cirrhosis mortality rate.

Vodka sale

Alcohol sale

r r

Wine sale Beer sale

r r

-3 0.125 0.177 0.071 0.177 0.119 0.177 0.154 0.177
-2 0.055 0.174 0.182 0.174 0.234 0.174 0.232 0.174
-1 0,240 0.172 0.036 0.172 0.187 0.172 0.253 0.172
0 0.601 0.169 0.576 0.167 0.246 0.169 0.371 0.169
1 0.336 0.172 0.036 0.172 0.215 0.172 0.147 0.172
2 0.067 0.174 0.151 0.174 0.164 0.174 0.019 0.174
3 0.193 0.177 0.037 0.177 0.105 0.177 0.095 0.177

The results of cross-correlation analysis between prewhitened time series for males.

Table 3: Effects of beverage specific alcohol sale per capita on liver cirrhosis mortality rate.

Vodka sale

Alcohol sale

r

Wine sale Beer sale

r r

-3 0.067 0.177 0.098 0.177 0.113 0.174 0.125 0.177
-2 0.093 0.174 0.167 0.174 0.132 0.174 0.146 0.174
-1 0.151 0.172 0.254 0.172 0.255 0.172 0.234 0.172
0 0.483 0.169 0.469 0.169 0.147 0.169 0.408 0.169
1 0.314 0.172 0.018 0.172 0.302 0.172 0.251 0.172
2 0.009 0.174 0.134 0.174 0.257 0.174 0.068 0.174
3 0.144 0.177 0.078 0.177 0.122 0.177 0.049 0.177

The results of cross-correlation analysis between prewhitened time series for females.

Table 4: Estimated effects of beverage specific alcohol sale on liver cirrhosis mortality rates. The results of ARIMA modeling.

Total alcohol sale Vodka sale Wine sale Beer sale
Parameter

model estim. model estim. model estim. model estim.
mortality males 0.1.0 0.172* 0.1.0 0.376* 0.1.0 0.106 0.1.0 0.334
mortality females 0.1.0 0.053* 0.1.0 0.093* 0.1.0 0.029 0.1.0 0.230

*.p<0.001

The general form of non-seasonal ARIMA model is (p,d,q), where p - the order of the autoregressive parameter, d — the order of differencing, and q — the order of the

moving average parameter. Q test for residuals are satisfactory in all models

Discussion

The outcome of the time-series analysis suggests a positive and
statistically significant relationship between liver cirrhosis mortality
rate and population drinking in Russia. Furthermore, the results of
beverage-specific modeling indicated that spirits was the key beverage
driving the association between per capita alcohol consumption and
liver cirrhosis mortality rate. These results are consistent with the
previous findings from other settings that spirits is the most significant
beverage-specific predictor of liver cirrhosis mortality [17,18].

In agreement with previous studies [7], we have found significant
gender differences in the association between per capita spirits sale and
liver cirrhosis mortality rate, which mean that the impact of changes
in per capita spirits sale appear to be larger on male liver cirrhosis
mortality. Beverage preference and harmful drinking pattern might
be responsible for the gender difference in the association between
liver cirrhosis mortality rate and vodka sale as vodka continue to be
the drinking of choice for the majority of men in Russia, while women
not only drink less often than men, but those who do drink, consume

vodka less frequently than men. Indeed, according to population
survey 44% of men and only 6% women reported that they drink an
equivalent of 25 ¢l of vodka or more at one occasion [33]. According
to a more recent study 28% of men and 4% of women consume at
least 200g (86+ g of pure alcohol) on one occasion at least once every
2-3 weeks [34].

It is important to point out that the results suggest a fairly quick
response of liver cirrhosis mortality rates to changes in vodka sale.
The instantaneous response in mortality rates from chronic alcohol-
related diseases seem quite surprising when considering the long
latency period at the individual level [8]. The reasonable explanation
from this seeming inconsistency has been suggested by Norstrém and
Skog [30]. They argue that in a population there exists a reservoir of
heavy drinkers who are near the critical threshold-value for a dying
from chronic alcohol-related consequences. In case when these high
risk individuals increase alcohol consumption during a given year,
they will exceed the threshold value and die from alcohol-related
diseases. This is the reason why the immediate impact on chronic
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alcohol related mortality can be registered from marked changes in
aggregate consumption.

The stronger association between cirrhosis mortality and
spirits sale may be attributable to biological and sociobehavioral
mechanisms. A more likely explanation for this finding is that the
drinking pattern of spirits users was substantially different from
wine or beer users. There is suggestive evidence that consumption
of spirits is more closely associated with larger quantities of alcohol
consumed per occasion and poor nutrition [35]. The role of binge
drinking pattern in modifying the effect of alcohol on the risk of liver
cirrhosis has been emphasized in epidemiological and experimental
studies [36-38]. Emerging evidence indicate that binge drinking has
profound effects on biochemical processes in the liver and amplifies
the risk of liver damage [39]. A second possible explanation for these
findings is that the heavy drinkers tend to prefer spirits as the least
expensive form of alcohol [40].

Before concluding, we should address the potential limitations of
this study. A close relationship between per capita alcohol sale and
liver cirrhosis mortality does not rule out the possibility that other
factors have also influenced the development liver cirrhosis mortality
rate. Although alcohol is regarded as the most important risk factor
for liver cirrhosis, a number of other causal factors that influence the
risk of development of liver cirrhosis have been indentified, including
diet, obesity and concomitant infection with viral hepatitis [6]. The
presence of these causal factors is likely to have distorted the estimated
alcohol effects. It seems that the role of non-alcohol causes in liver
cirrhoses mortality increased during the last decade. In particular,
the epidemic of viral hepatitis among drug users might contribute to
the dramatic increase in liver cirrhosis mortality in Russia during the
past several years [41]. It should be also emphasized that the sharp
rise in viral hepatitis prevalence, as well as increase in per capita beer
sale might actually account for the discrepancies between trends in
vodka sale and liver cirrhosis mortality rate in most recent years.
However, the etiological importance of other risk factors is clearly
modest compared to alcohol, thus limiting their potential influence.
Finally, the present analysis is based on fairly short time series and
this implies caution in the interpretation of findings.

In conclusion, the findings from present study support the
substantial literature which demonstrates a close link between alcohol
consumption and liver cirrhosis mortality at aggregate level, and most
important, suggests that this relationship is mediated by beverage
preference. Assuming that drinking vodka is usually associated with
intoxication episodes, these findings provide indirect evidence that
substantial proportion of liver cirrhosis deaths in Russia are due to
acute effect of binge drinking. The findings from this study suggest
that public health efforts should focus on both reducing overall
consumption and changing beverage preference away from distilled
spirits in order to reduce alcohol-related mortality rates in Russia.
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