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INTRODUCTION
Pancreatitis is a major public health problem with 
high associated economic costs [1]. The incidence of 
pancreatitis has increased in many European countries 
in recent decades [2, 3]. Increase of acute pancreatitis 
over time were greater in the younger age group which 
probably represent an increase in alcoholic pancreatitis, 
as acute pancreatitis among young people is more 
commonly alcohol related  [4, 5]. The incidence of acute 
pancreatitis varies considerably throughout the region 
and tended to be highest in Scandinavia and Eastern 
Europe [2]. The reasons for geographic differences in 
incidence of pancreatitis are still poorly understood and 
most likely are because of differences in the risk factors, 
including alcohol consumption [6]. Since an association 
between alcohol abuse and pancreatitis was reported by 
Friedreich in 1878 [7], many studies have confirmed that 
excessive alcohol consumption is a major risk factor for 
both acute and chronic pancreatitis [1, 8-10]. The strong 
support for a close link between alcohol and pancreatitis 
come from individual level studies [11, 12]. Using data 
on 17905 men and women who participated in the 
Copenhagen City Heart Study Kristiansen et al. reported 
that a high alcohol intake is associated with a high risk of 
pancreatitis [13]. A recent systematic review and meta-
analysis of epidemiologic studies on alcohol consumption 
and pancreatitis published between 1980 and 2008 
found a monotonic and approximately exponential dose-
response relationship between average volume of alcohol 
consumption and the risk of pancreatitis [14]. Collectively, 

these findings suggest that the total amount of alcohol 
consumed is a critical factor in producing chronic alcohol-
induced pancreatic damage. 

There is, however, evidence that pattern of drinking 
may have modifying influence on pancreatitis risk 
independently of the amount of alcohol consumed. A 
follow-up study from Sweden revealed a dose-response 
association between the amount of spirits consumed on 
a single occasion and the risk of acute pancreatitis [15]. 
After multivariate adjustments, there was a 52% increased 
risk of acute pancreatitis for every increment of five 
standard drinks of spirits consumed on a single occasion 
[15]. There is also empirical evidence suggesting that the 
holidays binge drinking may influence on the incidence of 
acute pancreatitis. In particular, Roberts et al. reported an 
increased admission rate for alcoholic acute pancreatitis 
during the Christmas and New Year period, when there is a 
peak in the consumption of alcohol [11].

Although the association between alcohol and pancreatitis 
has been well documented, the precise magnitude of 
the impact of alcohol remains poorly quantified. At the 
individual level, the proportion of cases of pancreatitis 
attributed to alcohol varies widely among countries and 
range from 50 to 90% [8, 10]. With respect to population 
drinking and mortality from pancreatitis, the evidence is 
fairly limited. The only prior study applying the ARIMA 
time-series analysis found a positive relationship between 
alcohol consumption measured by alcohol sales and 
pancreatitis mortality in 14 western European countries 
[6]. According the poled estimates for northern, mid- 
and southern Europe, the strongest effect was found in 
northern Europe. The results from this study suggest 
that an increase in per capita alcohol consumption of 1 
litre is followed by an increase in pancreatitis mortality 
of 5-15% in most countries, but by a 30-40% in Sweden 
and Norway. In most countries, the proportions of alcohol-
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the number of persons, witches were admitted for the first 
time for the treatment as incidence of alcohol psychoses: 
(ICD-10: F 10). The data on alcohol psychoses incidence 
rate (per 100.000 of the population) are taken from the 
Russian State Statistical Committee (Rosstat). The alcohol 
series used was the volume of alcohol sales in liters of pure 
alcohol per capita. 

STATISTICS
To examine the relation between changes in the alcohol 
consumption and pancreatitis mortality across the study 
period a time-series analysis was performed using the 
statistical package "Statistica". The dependent variables 
were the annual pancreatitis mortality and the independent 
variable was aggregate overall alcohol consumption. 
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 [27]. 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: 

∇xt = xt - xt-1 

This means that the annual changes ‘∇’ 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 an inspection of the cross-correlation function 
in order to estimate the association between the two 
prewhitened time series. It was Box and Jenkins [28] who 
first proposed this particular method for undertaking 
a time series analysis and it is commonly referred to 
as ARIMA modeling. We used this model specification 
to estimate the relationship between the time series 
pancreatitis mortality and alcohol consumption rates in 
this paper. In line with previous aggregate studies [27, 29, 
30] we estimated semi-logarithmic models with logged 
output. The following model was estimated: 

ttt NAaLnM ∇+∇+=∇ β
where ∇ means that the series is differenced, M is 
pancreatitis mortality rates, a indicates the possible trend 
in pancreatitis mortality due to other factors than those 
included in the model, A is the alcohol consumption, β is 
the estimated regression parameter, and N is the noise 
term. The percentage increase in pancreatitis mortality 
rate rates associated with a 1-litre increase in alcohol 
consumption is given by the expression: (exp(β1)-1)*100. 
The temporal structure of the error term was estimated 
by using autoregressive (AR) or moving average (MA) 
parameters in the model. A diagnostic test for residual 
correlation is given by the Box-Ljung Q-test, which 
indicates whether the model has been adequately fitted.

A change in aggregate level drinking is expected to have 
an immediate effect on acute forms of alcohol-related 
problems (such as fatal alcohol poisoning), as well as a 
long-term effect on chronic problems (liver cirrhosis) [31]. 
As pancreatitis is attributed to the chronic rather from 

attributable mortality from pancreatitis fall within the 
range between 40 and 80% [6]. It appears that the effect 
of alcohol on pancreatitis 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. 

In Russia, rates of alcohol consumption and pancreatitis 
mortality are among the highest in the world [16-19]. 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 [20-22]. This 
is a good reason to expect positive association between 
alcohol consumption and pancreatitis mortality at the 
aggregate level in Russia. In present study we will test 
the hypothesis of the close aggregate level link between 
alcohol and pancreatitis mortality in Russia using data on 
overall alcohol consumption and sex-specific pancreatitis 
mortality rate between 1970 and 2005.

METHODS
Data

The data on age-adjusted sex-specific pancreatitis 
mortality rates per 1 000 000 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 codes 
[23]. Thus, Rosstat’s codes corresponds with ICD-9 codes 
577.0 (acute pancreatitis) and 577.1 (chronic pancreatitis) 
and with ICD-10 codes K 85 (acute pancreatitis) and K 
86.0/86.1 (chronic pancreatitis). Furthermore, a group of 
researchers has gained access to the Soviet mortality data 
and has been able to recalculate the Russian data according 
to the detailed list of ICD-9 codes [24]. These reclassified 
data have been used in the present study.

Realizing the difficulties associated with measuring 
alcohol consumption at the population level in Russia, 
we employed an alternative measure of overall alcohol 
consumption relative to Nemtsov’s estimates [16]. 
Estimation of alcohol consumption per capita was based 
on a set of indicator of alcohol-related harm which was 
adjusted for the effect of recorded alcohol consumption 
employing ARIMA (autoregressive integrated moving 
average) model [25]. More specifically, we calculated the 
level of unrecorded alcohol consumption as the difference 
between observed changes in the harm indicator and 
changes that would be expected on the bases of alcohol 
sales. The harm indicator series used was alcohol 
psychoses incidence rate because this indicator depends 
almost entirely on alcohol consumption [26]. We specified 
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acute alcohol-related problems, we should expect that the 
pancreatitis mortality response to changes in aggregate 
level alcohol consumption will be distributed over several 
years [27]. In order to deal with the time-lag problem we 
inspected the cross-correlations between two time series 
at different lags.

In addition to the estimated effect parameter, the alcohol 
effect will also be expressed in terms of alcohol-attributable 
fraction (AAF), which can be calculated from the estimates 
obtained in ARIMA models according to following formula: 
AAF = 1-exp(-bX), where X is alcohol consumption for the 
whole study period and b is the estimated effect parameter 
[32] .

RESULTS
According to official statistics, the male pancreatitis 
mortality rate increased 5.6 times (from 21.4 to 120.1 
per 1,000,000 of population) and female mortality rate 
increased 3.8 times (from 11.2 to 42.9 per 1,000,000 
of population) in Russia from 1970 to 2005. Across the 
whole period the male pancreatitis mortality rate was 
2.2 times higher than the female rate (56.3 vs. 25.6 per 1 
000 000) with a rate ratio of 1.9 in 1970 increasing to 2.8 
by the 2005. The trends in the age-adjusted, sex-specific 
pancreatitis mortality rates are displayed in Figures 1 and 
2. For both sexes the time series pancreatitis mortality rates 
fluctuated greatly over the period: decreased markedly 
between 1984 and 1988, than started on an upward trend 
from 1988 to 1989, before increasing substantially during 
1992 to 1994 (by 72.3% and 29.6% for men and women, 
respectively). From 1995 to 1998 there was a fall in the 
rates before they again jumping dramatically between 
1998 and 2005 (by 84.3% and 46.4% for men and women 
respectively). Although the trends in pancreatitis mortality 
rates are rather similar over time series for both sexes, the 
male pancreatitis 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 
alcohol consumption per capita and pancreatitis mortality 
for males and females seem to follow each other across 
the time-series (Figures 1 and 2). As can be seen, 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 the 
pancreatitis mortality time series were inspected. This 
indicated that there was a statistically significant cross-
correlation between alcohol consumption and pancreatitis 
mortality for males and females at lag zero (Table 1). The 
specification of the bivariate ARIMA model and outcome 
of the analyses are presented in Table 2. According to the 
results, alcohol consumption is a statistically significant 
associated with both male and female pancreatitis 
mortality rates, implying that a 1-litre increase in per 
capita consumption is associated with an increase in male 
mortality of 7.0% and female mortality of 2.3%. Table 2 
also shows the relative proportion of alcohol-attributable 
deaths to all pancreatitis deaths by gender. The results 
of the analysis suggest that 63.1% of all male deaths and 
26.8% female deaths from pancreatitis in Russia could be 
attributed to alcohol. 

DISCUSSION
According to the results of time-series analysis there was 
a positive and statistically significant effect of per capita 
alcohol consumption on pancreatitis mortality in Russia 
at lag zero. These findings clearly indicate that population 
drinking and pancreatitis mortality are positively related 
phenomena in Russia. The results of present study are 
important because despite the growing literature on 
alcohol and mortality in Russia there has been no prior 
time-series analysis of alcohol and pancreatitis mortality in 
the country. The positive and significant contemporaneous 
association between alcohol and pancreatitis mortality 

Figure 1. Trends in male pancreatitis mortality rate and alcohol consumption per capita in Russia between 1970 and 2005. We reported 1,000,000  in the 
right y-axis too.
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in present analysis replicates the recent findings from a 
time-series studies highlighted close temporal association 
between alcohol and ischemic heart disease mortality in 
Russia [30].

It should be emphasis that the results suggest a fairly 
quick response of pancreatitis mortality rates to changes 
in population drinking. The instantaneous response in 
mortality rates from chronic alcohol-related diseases 
seem quite surprising when considering the long latency 
period at the individual level. There are several reasonable 
explanations for this seeming inconsistency. It is well 
recognized, that pancreatitis mortality is the classical 
indicator of harmful effect of chronic heavy drinking 
(chronic pancreatitis) and also associated with episodic 
heavy drinking (acute pancreatitis), thus reflecting the 
acute and chronic consequences of heavy drinking [8]. 
Therefore, the contemporaneous association between the 
two variables may support the point that binge drinking 
is an important determinant of pancreatitis mortality in 
Russia. Further, Norström and Skog [27] 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 alcohol related mortality 
can be registered from marked changes in aggregate 
consumption. 

It is important to point out, that the size of the bivariate 
association between alcohol and pancreatitis mortality for 
men is substantially greater than for women. The harmful 
drinking might be responsible for the gender differences in 
alcohol attributable deaths. The population surveys from 
Russia show consistently higher rates of binge drinking 
among men than women. Indeed, the results of study 
carried out in Archangelsk suggest that 61.9% of male and 
25.7% of female industrial workers had a consumption 
pattern that was hazardous according to the AUDIT 
definition [33]. 

Understanding the reasons the substantial fluctuations in 
pancreatitis mortality rate in Russia over recent decades 
is very important from a public health perspective. There 
is evidence that the pancreatitis mortality trends in Russia 
influenced by the three major factors: Gorbachev’s anti-
alcohol campaign 1985-88; severe socioeconomic crisis 
imposed by rapid societal transformation in the early 
1990s; financial crisis and worsening economic situation 

Figure 2. Trends in female pancreatitis mortality rate and alcohol consumption per capita in Russia between 1970 and 2005. 
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Lag
Mortality

Males Females
r SE r SE

-3 0.05 0.177 0.04 0.177
-2 0.13 0.174 0.19 0.174
-1 0.23 0.172 0.26 0.172
0 0.71 0.169 0.41 0.169
1 0.33 0.172 0.14 0.172
2 0.13 0.174 0.11 0.174
3 0.21 0.177 0.13 0.177

Table 1. Effects of alcohol consumption per capita on pancreatitis 
mortality rates. The results of cross-correlation analysis between 
prewhitened time series. 

Table 2. Estimated effects (bivariate ARIMA model) of overall alcohol 
consumption on pancreatitis mortality rates.
Parameter Model Estim. P AAF
Mortality males 0.1.1 a 0.070 0.000 0.631
Mortality females 0.1.1 0.023 0.012 0.268

aThe 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.



369JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 15 No. 4 – July 2014. [ISSN 1590-8577]

JOP. J Pancreas (Online) 2014 July 28; 15(4):365-370

in 1998. A fairly close match between trends in alcohol 
consumption and pancreatitis mortality during the 
Gorbachev’s anti-alcohol campaigns may be use as evidence 
for the hypothesis suggesting that alcohol is responsible 
for a substantial number of pancreatitis deaths in Russia. 
This empirical evidence also indicates that a restrictive 
alcohol policy can be considered as an effective measure of 
pancreatitis mortality prevention. 

It seems plausible that alcohol is a key variable in 
explaining the increase in the pancreatitis mortality rate 
in the early-1990s. An increase of alcohol consumption 
in this period was to a great extent due to increase of 
alcohol availability following the repeal of the state alcohol 
monopoly in January 1992 [18]. There are several potential 
factors behind the decrease in alcohol consumption and 
pancreatitis mortality rate between 1994 and 1998. They 
include better regulation of the alcohol market that may 
have resulted in a relative increase in prices for vodka 
compared to those for food products [16]. Another 
possible factor in the decrease in alcohol consumption was 
impoverishment and decrease in the purchasing capacity of 
the population due to unpaid or delayed salaries [17]. The 
subsequent rise in alcohol consumption and pancreatitis 
mortality rates from 1998 may be associated with the 
financial crisis which resulted in hyperinflation, increasing 
poverty, political and economic uncertainty [34]. 

Before concluding, several potential limitations of this 
study must be mentioned. In particular, there was the 
risk of omitted variable bias in this work. It should be 
acknowledged that other risk factors such as diet and 
smoking also affect the mortality rate from pancreatitis [9]. 
However, there is no compelling epidemiological evidence 
of rapid changes in the dietary and smoking patterns 
among Russian men and women that could have translated 
into substantial fluctuations in pancreatitis mortality rate 
in the last decades. Therefore, the controlling for the 
impact of these risk factors would not have modified our 
results.

Finally, estimating unrecorded consumption of alcohol in 
Russia is a challenge, because of the diversity of this fraction 
of alcohol consumption that ranges from “moonshine” 
(i.e., самогон  - “samogon” - in Russian) through legal 
non-beverage alcohol (medical tincture) to counterfeit 
vodka produced from technical spirits [22]. We relied on 
estimated overall level of alcohol consumption across the 
period. However, the accuracy of assessment of actual 
alcohol consumption using indirect methods depends 
significantly on whether the level of alcohol consumption 
is the only factor influencing the index chosen as the 
indicator of alcohol-related problems. This represents an 
essential drawback of such methods, because many other 
factors influence the level of alcohol-related problems [35]. 

CONCLUSION
In conclusion, this is the first time-series analysis of overall 
level of alcohol consumption and pancreatitis mortality 
rate in Russia, which has shown that population drinking, 
is the strong predictor of pancreatitis mortality rate at 
the aggregate level. The outcomes of this study provide 

indirect support for the hypothesis that unfavorable 
mixture of higher overall level of alcohol consumption 
and binge drinking pattern is a major risk factor for 
pancreatitis mortality in Russia. The findings from the 
present study have important implications as regards 
alcohol-related mortality prevention indicating that a 
restrictive alcohol policy can be considered as an effective 
measure of prevention in countries where higher rate of 
alcohol consumption per capita. 
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