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ABSTRACT 
Context Epidemiologic studies have suggested an association between alcohol consumption and pancreatitis, although the exact 
dose-response relationship is unknown. It also remains uncertain whether a threshold effect exists. Objective To conduct a 
systematic review and meta-analysis of epidemiologic studies on the association between alcohol consumption and the risk of 
pancreatitis. Methods We searched Ovid MEDLINE, EMBASE, CINAHL, Web of Science, ETOH and AIM. Studies were included 
if they reported quantifiable information on risk and related confidence intervals with respect to at least three different levels of 
alcohol intake. Results Six studies, including 146,517 individuals with 1,671 cases of pancreatitis, met the inclusion criteria. We 
found a monotonic and approximately exponential dose-response relationship between average volume of alcohol consumption and 
pancreatitis. However, in a categorical analysis the lower drinking categories were not significantly elevated, with an apparent 
threshold of 4 drinks daily. Conclusions As the available evidence also indicates that the relationship is biologically plausible, these 
results support the existence of a link between alcohol consumption and the risk of pancreatitis. 
 
INTRODUCTION 
 
Pancreatitis, inflammation of the pancreas, has two 
forms. Acute pancreatitis is an acute inflammatory 
process of the pancreas that frequently involves 
peripancreatic tissues and/or remote organ systems. 
Chronic pancreatitis is defined as an inflammatory 
process that leads to the progressive and irreversible 
destruction of exocrine and endocrine glandular 
pancreatic parenchyma which is substituted by fibrotic 
tissue [1, 2]. Recent data from predominantly Western 
countries have shown an increasing trend in the 
incidence of acute pancreatitis and the number of 
hospital admissions for both acute and chronic 
pancreatitis [3, 4, 5, 6, 7]. This trend is disconcerting 
given that pancreatitis places a substantial financial 
burden on national health care systems. For example, a 
recent U.S. study [8] estimated that the total cost for 

acute pancreatitis hospitalizations in 2003 was $2.2 
billion (95% CI: $2.0-2.3 billion) at a mean cost per 
hospitalization of $9,870 (95% CI: $9,300-10,400), and 
a mean cost per hospital day of $1,670 (95% CI; 1,620-
1,720). 
It has long been recognized that alcohol consumption is 
a modifiable risk factor for pancreatitis [9, 10]. There is 
also evidence for a link between alcohol consumption 
and the development of both acute and chronic 
pancreatitis [11]; for both acute and chronic 
pancreatitis there are ICD subcategories with the 
specification of alcoholic (K85.2; K86.0). However, 
the precise magnitude of the impact of alcohol on the 
underlying dose-response relationship remains poorly 
quantified [12]. Not only the shape of the dose-
response relationship in general, but also the particular 
question whether pancreatitis is part of the disease 
categories, which where there is a threshold for the 
effect of alcohol consumption or not, has not been 
clarified. The answer to this question not only 
contributes to etiological research, but also has 
potential preventive implications. 
In general, epidemiological studies on the quantitative 
aspects of risk estimations for pancreatitis in relation to 
alcohol are scarce. In 2004, Corrao et al. [13] 
conducted a meta-analysis of case-control and cohort 
studies published between 1966 and 1995 that assessed 
the association between alcohol consumption and the 
risk of 15 diseases, including pancreatitis. Only two 
case-control studies provided data on pancreatitis. 
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Results from the pooled analysis of the two studies 
showed that the risk of pancreatitis increased 
monotonically with increasing alcohol consumption, 
with no apparent threshold. Reported relative risks 
associated with alcohol intake of 25, 50, and 100 g/day 
were 1.3 (95% CI: 1.2-1.5), 1.8 (95% CI: 1.3-2.4), and 
3.2 (95% CI: 1.8-5.6) respectively, compared to non-
drinkers [13]. 
Since the meta-analysis by Corrao et al. [13], 
additional epidemiological studies have been published 
that address the association between alcohol 
consumption and the risk of pancreatitis. The present 
systematic review and meta-analysis aimed to analyze 
the studies published between 1980 and 2008 to update 
and quantitatively assess the association between 
alcohol consumption and the risk of pancreatitis. We 
also sought to address the unresolved issue of whether 
there is a threshold of alcohol use associated with the 
risk of pancreatitis. 
 
METHODS 
 
Literature Search 
 
We performed a systematic search of Ovid MEDLINE 
(http://www.ovid.com/site/catalog/DataBase/901.jsp), 
EMBASE (http://www.embase.com/), CINAHL 
(http://www.ebscohost.com/cinahl/), Web of Science 
(www.isiknowledge.com/), ETOH (http://etoh.niaaa.nih.gov/) 
and AIM (http://www.aim-digest.com/gateway/m%20index.htm) 
to identify epidemiologic studies published from 
January 1980 to January 2008 that assessed the 
association between alcohol consumption and risk of 
pancreatitis. The search was conducted using any 
combination of the key words: alcohol, alcohol 
consumption, alcohol intake, ethanol, heavy drinking, 
and pancreatitis. In addition, we manually reviewed the 
content pages of the major epidemiological journals 
and the reference lists of relevant and review articles. 
The search was limited to human studies and no 
language restrictions were applied. 
 
Inclusion and Exclusion Criteria 
 
Our inclusion criteria required studies to: 1) have a 
case-control or cohort study design; 2) report hazard 
ratios (HR), relative risks (RR) or odds ratios (OR) and 
their 95% confidence intervals (CIs) (or information 
allowing us to compute them); 3) have pancreatitis 
morbidity and/or mortality as defined above as the 
endpoint; and 4) include three or more quantitatively 
measured exposure categories of alcohol consumption. 
Studies were excluded if: 1) they were not published as 
full reports, such as conference abstracts and letters to 
editors; 2) a cross-sectional design was used; 3) a 
continuous measure of alcohol consumption was 
included. 
 
Pancreatitis Ascertainment 
 
Death, hospitalization for, or diagnosis of acute or 
chronic pancreatitis was defined using the International 
Classification of Diseases (ICD) codes. For acute 
pancreatitis, the codes were 577.0 in ICD-8 and 9 and 

K85 in ICD-10. For chronic pancreatitis, the codes 
were 577.1 in ICD-8 and 9 and K86.0 and K86.1 in 
ICD-10. Diagnosis of acute or chronic pancreatitis was 
generally based on clinical history and the findings of 
pancreatic imaging procedures such as ultrasonography 
and radiographic computed tomography. Cases of acute 
and chronic pancreatitis were pooled together for the 
purposes of analysis in this meta-analysis due to the 
scarcity of studies. The decision to combine acute and 
chronic pancreatitis seems justifiable since clinically, 
the two conditions can co-exist, as acute pancreatitis 
often occurs in patients with chronic pancreatitis [2, 
14]. Furthermore, it is difficult, in epidemiological 
studies, to distinguish between chronic and acute 
pancreatitis as case ascertainment most often relies on 
routinely collected secondary data [15]. 
 
Data Extraction 
 
Data extracted from each study included the first 
author’s name, year of publication, sample size, 
country, age, sex, endpoints, adjustments, study design, 
exposure and outcome measures, RRs of pancreatitis 
and corresponding 95% CIs for each category of 
alcohol consumption. When ranges of alcohol 
categories were reported, the midpoint was recorded. If 
the upper bound for the highest category was not 
provided, 75% of the width of the preceding category’s 
range was added to the lower bound to derive the 
midpoint. Throughout this paper, RR is used to refer to 
all risk estimates including, ORs, RRs, or HRs. 
 
ETHICS 
 
Data for this meta-analysis were derived from 
systematic reviews of published studies. Ethical review 
was therefore not necessary. 
 
STATISTICS 
 
To assess the dose-response relationship between 
alcohol consumption and risk of pancreatitis, we used 
the method proposed by Greenland and Longnecker 
[16] and Orsini and Greenland [17] to back-calculate 
and pool the risk estimates. For outcome, we used the 
logarithmized RR and for exposure, we used the 
midpoints described above. To derive the dose-
response curve, we fitted a family of first and second 
degree fractional polynomial models [18]. All models 
were fitted using DerSimonian and Laird [19] random-
effects models. The best fitting model was selected 
based on a closed-test comparison between fractional 
polynomial models [18] and overall model fit was 
assessed using the Cochrane Q statistic [20]. 
Regression analyses may give distorted results for 
categories, where no or few data points exist, as it tries 
to minimize the overall deviation of data points from 
the regression line. Categorical analyses can give a 
better indication on the risk for specific categories, and 
thus is better suited to detect thresholds. To examine 
whether a threshold exists, that is, a level of alcohol 
consumption under which the risk of pancreatitis was 
not increased, we also modeled alcohol intake as a 
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categorical variable using the following categories: 0 
(reference group), more than 0 to 2, more than 2 to 4, 
and more than 4 drinks daily. A drink was equivalent to 
12 grams. We assigned the level of alcohol 
consumption from each study to these categories based 
on the calculated midpoint of alcohol consumption. 
Dummy variables were generated and they were 
included in the categorical meta-analysis to assess the 
possibility of threshold effects across alcohol 
consumption categories. 
Statistical heterogeneity between studies was examined 
using both the Cochrane Q statistic and the I2 value. I2 
ranges between 0% and 100%, and values of 25%, 
50%, and 75% were considered to represent low, 
moderate, and high heterogeneity, respectively [20, 
21]. Publication bias was assessed by visual inspection 
of Begg’s funnel plot (based on the linear effect), the 
Begg-Mazumdar [22] adjusted rank correlation test and 
the Egger regression asymmetry test for funnel plot 
[23]. All statistical analyses were completed using 
Stata Version 10.1 [24]. 
 
RESULTS  
Characteristics of Included Studies  
The search identified 2,712 potentially relevant 
publications and 2,588 were excluded on the basis of 
titles and abstracts (generally because there was no 
indication of a relationship between alcohol 
consumption and pancreatitis). Of the remaining 124 
potentially relevant papers; only 6 studies met our 
inclusion criteria [15, 25, 26, 27, 28, 29]. Table 1 
summarizes the characteristics of the included studies. 
Of the 6 studies, two used a cohort design and the 
remaining four employed a case-control design. 
Alcohol exposure data were collected via self-
administered questionnaires in three studies [15, 27, 

29] and by interview administered questionnaires in the 
remaining studies [25, 26, 28]. The highest categories 
of alcohol consumption varied across the included 
studies. In the Morton et al. study [28], the highest 
alcohol consumption category was greater than 36 
g/day, whereas in the study by Lin et al. [27], the 
corresponding figure was greater than 100 g/day. In the 
studies by Talamini et al. [26] and Kristiansen et al. 
[15], the highest categories were 41-80 g/day and 
greater than 82 g/day, respectively. In the remaining 
two studies (Blomgren et al. [25] and Muddana et al. 
[29]) the highest category of alcohol intake was greater 
than 60 g/day. Collectively, the 6 studies included 
146,517 individuals with 1,671 cases of pancreatitis. 
Figure 1 shows the contribution of individual studies 
based on the assumptions of a linear effect, i.e., that the 
RR per drink remains constant over the full range of 
exposure. 
 

Table 1. Characteristics of included studies. 
Author 
(total study population) 

Country Study design Outcome Outcome assessment Adjustments 

Talamini et al., 1999 [26] 
(782 men) 

Italy Case-control Hospital based patients with 
chronic pancreatitis (n=169)

Clinical symptoms, and the findings of 
pancreatic imaging procedures such as 

ultrasonography, radiographic computed 
tomography 

Age via sampling; 
smoking via regression 

Lin et al., 2001 [27] 
(244 men) 

Japan Case-control (Incident) newly diagnosed 
hospitalization with chronic 

pancreatitis (n=87) 

Clinical symptoms, and the findings of 
pancreatic imaging procedures such as 

ultrasonography, radiographic computed 
tomography 

Age via sampling; BMI, 
education level, smoking 

via regression 

Blomgren et al., 2002 [25] 
(2,243 women and men) 

Sweden Case-control 
(population-

based) 

First episode of acute 
pancreatic without 

previously known gallstone 
disease (n=462) 

Clinical symptoms, and the findings of 
pancreatic imaging procedures such as 

ultrasonography, radiographic computed 
tomography 

Age and sex via sampling

Morton et al., 2004 [28] 
(124,740 women and men) 

U.S.A. Cohort First hospital admission (not 
necessarily first lifetime 

admission) for any form of 
pancreatitis (n=407) 

Hospital discharge records; death 
certificates; ICD-code 577 

Age, sex, and race via 
sampling; BMI, education 

via regression 

Kristiansen et al., 2008 [15] 
(17,905 women and men) 

Denmark Cohort Mortality or hospitalization 
due to acute or chronic 

pancreatitis (n=235) 

Hospital discharge records; death 
certificates; ICD-8 & ICD-9 codes 

Age, sex, smoking, 
education, and body mass 

index via regression 

Muddana et al., 2008 [29] 
(603 women and men) 

U.S.A. Case-control Hospital patients with either 
recurrent acute pancreatitis 

or chronic pancreatitis 
(n=311) 

Clinical symptoms, and the findings of 
pancreatic imaging procedures such as 

ultrasonography, radiographic computed 
tomography 

Age and sex via sampling

Figure 1. Forest plot of individual studies based on one drink (12
grams) daily. 
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Dose-Response Relationship 
 
Using the methods described above, we chose a second 
degree model, which proved to be significantly better 
than a simple linear model (P=0.003). The model fit 
statistic revealed that this model fitted the data 
reasonably well (Q-test=35.69, df=22, P=0.033; 
I2=38%, 95% CI: 0-63%). The fitted dose-response 
relationship is depicted in Figure 2. Overall, the results 
indicate a nonlinear association between alcohol 
consumption and the relative risk of pancreatitis. The 
risk curve between alcohol consumption and 
pancreatitis was relatively flat at low levels of alcohol 
consumption and it increased markedly with increasing 
levels of consumption. Individuals consuming 36 
grams of alcohol daily, or about three standard drinks 
such as three cans of beer, had a relative risk of 1.2 
(95% CI: 1.2-1.3), compared with non-drinkers. 
Whereas, those with a daily alcohol intake of 96 grams, 
or eight standard drinks, had a four-fold increased risk 
of pancreatitis (RR=4.2, 95% CI: 3.1-5.7), again 
relative to non-drinkers. 
 
Categorical Analysis 
 
Figure 3 presents the results from the categorical 
analysis that was performed on the respective alcohol 
exposure categories to determine whether, on average, 
low consumption of alcohol entailed any risk at all. 
Compared with non-drinkers, alcohol consumption of 
two or fewer drinks per day was not significantly 
associated with the risk of pancreatitis (RR=1.0, 95% 
CI: 0.8-1.2; P=0.887). In fact, the risk of drinking two 
or fewer drinks on average per day was almost 
identical to the risk of non-drinkers. Those who 
consumed three to four drinks per day had a 20% 
increased risk of pancreatitis (RR=1.2, 95% CI: 1.0-
1.5, P=0.059), compared with non-drinker, but the 
difference was only marginally near the significant 
limit. However, compared with non-drinkers, alcohol 
consumption of more than 4 drinks per day was 
significantly associated with the increased risk of 
pancreatitis (RR=2.5, 95% CI: 2.0-3.1, P<0.001). 
 

Publication Bias 
 
Figure 4 displays a Begg’s funnel plot for the visual 
assessment of publication bias. The plot was 
symmetrical, indicating no evidence of publication 
bias. Likewise, both the Begg-Mazumdar (P=0.851) 
and Egger (P=0.578) tests suggested no significant 
asymmetry of the funnel plot, indicating no evidence of 
substantial publication bias. 
 
DISCUSSION 
 
Using data from recently published epidemiologic 
studies, the present meta-analysis found a monotonic 
dose-response relationship between alcohol 
consumption and the risk of pancreatitis. This finding 
is consistent with the results from the previous meta-
analysis by Corrao et al. [13]. A completely novel 
finding in our study was the existence of a threshold 
effect between alcohol intake and the risk of 
pancreatitis. The threshold of alcohol associated with 
the risk of pancreatitis was about 4 drinks daily. 
 
Plausible Pathways 
 
The association between alcohol consumption and 
pancreatitis is biologically plausible. Ethanol has 
numerous deleterious effects on the pancreas, including 

Figure 2. Dose-response relationship between alcohol consumption 
and risk of pancreatitis (continuous analysis using fractional 
polynomials). Reference category is non-drinkers; solid line 
represents the estimated relative risks and the dotted lines represent 
the 95% confidence intervals. 

Figure 3. Relative risk of pancreatitis by alcohol exposure category 
(categorical analysis). Horizontal line represents the relative risk for 
the reference group, non-drinkers; vertical bars represent 95% 
confidence intervals; 1 drink = 12 grams. 

Figure 4. Begg's funnel plot with pseudo 95% confidence limits. 
Funnel plot shows the relative risks (for 12 g/day) on a natural 
logarithm scale on its standard error for the six studies included in 
the meta-analysis. The horizontal line represents the summary 
estimate of relative risks and the diagonal lines indicate the expected 
95% confidence intervals for a given standard error. 
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direct toxicity to pancreatic cells as well as changes of 
production, rheological properties and flow of 
pancreatic juice, that cause pathological alterations [2, 
30, 31, 32]. Specifically, ethanol is metabolized by two 
different pathways: oxidative and non-oxidative. The 
major byproducts of the oxidative metabolic pathway 
are acetaldehyde and the formation of reactive oxygen 
species (ROS). Non-oxidative metabolism of ethanol is 
characterized by its esterification with the formation of 
fatty acid ethyl esters. All three byproducts of ethanol 
metabolism are known to exert a number of toxic 
effects on pancreatic acinar cells [30]. In summary, 
there are several pathophysiological pathways that 
synergically contribute to alcohol-induced pancreatitis. 
These include mechanical obstruction of pancreatic 
ducts and pancreatic autodigestion; pancreatotoxic 
effects of ethanol metabolites (acetaldehyde, ROS, 
fatty acid ethyl esters) and pancreofibrosis. 
 
Strengths and Limitations 
 
A major strength of the present study was the modeling 
of alcohol consumption as both a continuous and a 
categorical variable. As a meta-analysis of published 
studies, we were exposed to potential publication bias. 
However, publication bias is unlikely to explain the 
observed association between alcohol consumption and 
the risk of pancreatitis. Results from our tests of 
publication bias in this meta-analysis suggested that 
there was no evidence of publication bias. Our study 
has a number of limitations that need to be taken into 
account when considering its contributions. First, our 
meta-analysis included a limited number (n=6) of 
studies. Nevertheless, the 6 studies included 14,6517 
individuals with 1,671 cases of pancreatitis. Second, 
the control group (reference category) was non-
drinkers. It is likely that this group included a number 
of former drinkers who stopped drinking because of the 
presence of pancreatitis, i.e., the sick quitter effect [33]. 
In this study, misclassification of the control group 
would lead to the underestimation rather than the 
overestimation of the true risk of alcohol consumption 
associated with pancreatitis, however. Third, only one 
of the six studies provided data on drinking patterns 
and beverage type. Consequently, we did not have 
sufficient data to assess the risk of pancreatitis 
associated with these other dimensions of alcohol 
consumption. 
 
CONCLUSION 
 
In conclusion, our study provides evidence supporting 
both a threshold effect and a dose-response relationship 
between alcohol consumption and the risk of 
pancreatitis. In addition, the available evidence 
indicates that the relationship is biologically plausible. 
These results support the existence of a link between 
alcohol and the risk of pancreatitis. 
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