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Abstract
Background and aims: The N34S mutation in the serine 

protease inhibitor Kazal type I (SPINK1) gene has been 
associated with chronic pancreatitis. Clinical data about the 
phenotypic expression of alcoholic chronic pancreatitis with 
the N34S variant are limited. The prevalence of the N34S 
mutation in patients with chronic pancreatitis and healthy 
individuals from Eastern Europe is unknown. Methods: We 
studied Romanian patients with chronic pancreatitis and 
investigated the clinical presentation in patients with N34S 
mutation. The SPINK1 N34S variant was analysed in 94 
chronic pancreatitis patients and 96 healthy controls by an 
allele specifi c PCR method and a restriction fragment length 
polymorphism method. A meta-analysis was conducted with 
previous N34S association studies. The clinical course of 
alcoholic pancreatitis was evaluated according to the severity 
criteria of the M-ANNHEIM classifi cation system of chronic 
pancreatitis. Results: A heterozygous N34S mutation was 
found in 1 of 96 healthy individuals (1%) and in 4 of 80 
patients (5 %) with alcoholic chronic pancreatitis. The meta-
analysis confi rmed the status of N34S as a risk factor for the 
development of alcoholic chronic pancreatitis (OR=5.3). 
However, the clinical course of the disease was similar in 
patients with and without N34S mutation. Conclusion: The 
N34S mutation is a weak risk factor for alcoholic chronic 
pancreatitis. 

Key words 
Chronic pancreatitis – SPINK1 mutation – N34S 

– alcohol – M-ANNHEIM classifi cation – Romania. 

Introduction
Increased alcohol consumption represents a major risk 

factor for chronic pancreatitis [1-3]. Genetic susceptibility 
factors may play an important role in the development of 
the disease as only 5-10 % of heavy drinkers develop the 
disease [1-3]. However, genetic studies of various genes 
have failed to demonstrate an association with alcoholic 
chronic pancreatitis [4]. 

The pancreatic secretory trypsin inhibitor (SPINK1) 
is secreted by the acinar cells and inhibits prematurely 
activated trypsin within the pancreas [5]. The N34S 
mutation in exon 3 represents the most frequent mutation 
in the SPINK1 gene. The N34S mutation has been found 
in idiopathic [6, 7], familial [7-9] and alcoholic chronic 
pancreatitis [8-11], and has been strongly associated with 
tropical pancreatitis [12, 13]. However, the prevalence of 
the N34S mutation in patients with chronic pancreatitis and 
in healthy individuals from Eastern European countries (e.g. 
Romania) remains unknown. Most studies have not reported 
the genotype-phenotype correlations in patients that were 
tested positive for the N34S mutation. In vitro studies failed 
in demonstrating an altered inhibitory capacity of the mutated 
SPINK1 protein [14]. More recently, additional SPINK1 
mutations have been identifi ed in patients with chronic 
pancreatitis and have been functionally investigated. Kume 
et al demonstrated that the SPINK1 [-215G>A; IVS3+2T>C] 
mutation causes exon 3 skipping since the IVS3+2T>C 
mutation affects the consensus splicing donor site [15, 16]. 
Other groups detected mutations that result in deletions 
[17], affect signal peptide variants [18] or demonstrated 
that SPINK1 missense mutations result in reduced SPINK1 
secretion by causing intracellular retention and degradation 
of SPINK1 [19]. However, the functional consequence of the 
most common SPINK1 N34S mutation remains enigmatic 
[14, 19], and the exact role that the N34S mutation plays in 
chronic pancreatitis remains controversial.

In the current investigation we determined the frequency 
of the SPINK1 N34S mutation in a representative cohort 
of patients with alcoholic chronic pancreatitis and healthy 
controls from Romania. We compared the frequency of 
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the N34S mutation within our patient cohort with the 
prevalences of the mutation that have been reported in similar 
investigations worldwide. We also analyzed the clinical 
presentation of the disease and categorized the clinical 
features according to the recently developed criteria of the 
M-ANNHEIM classifi cation system of chronic pancreatitis 
[20].  

Materials and methods
Selection of patients and controls
Patients and controls were recruited at a tertiary referral 

center (Third Medical Clinic, Cluj-Napoca, Romania) from 
January 2003 through December 2005. The diagnosis of 
chronic pancreatitis was based on a typical clinical history 
and on one or more of the following criteria: pancreatic 
calcifi cations, typical pancreatic histology, imaging fi ndings 
on retrograde endoscopic cholangiopancreatography 
(ERCP), ultrasonography or computed tomography, and 
steatorrhea (fecal fat > 7g/24h). The control population was 
of the same ethnic origin and included 96 unrelated healthy 
individuals.

The study was approved by the hospital’s Ethics 
Committee. All participants provided informed consent. 

Etiology of pancreatitis
The etiology of the disease was categorized according 

to the M-ANNHEIM multiple risk factor classifi cation 
system (20). Briefl y, the etiology of chronic pancreatitis 
includes Multiple (M) risk factors: Alcohol (A), Nicotine 
(N), Nutrition (N, such as hypertriglyceridemia), Heredity 
(H), Efferent duct factors (E, such as pancreas divisum), 
Immunology (I), and Miscellaneous/Metabolic (M) rare 
factors [20]. 

Alcoholic chronic pancreatitis was diagnosed in patients 
with a daily intake of alcohol of > 60 g in men and > 40 g in 
women for at least 2 years and/or with other indications of 
excessive alcohol consumption (e.g. reports from relatives, 
review of patient records). The diagnosis of idiopathic 
chronic pancreatitis was established in patients with a daily 
alcohol intake < 20 g in whom other etiologic factors were 
excluded. Hypertriglyceridaemia was considered as etiologic 
factor in patients with high levels of serum triglycerides of 
> 800 mg/dl.

Clinical description of the disease
For comparison of the clinical courses of the disease, 

patients with alcoholic chronic pancreatitis and a SPINK1 
mutation were age of onset- and sex-matched with alcoholic 
chronic pancreatitis patients without the mutation, and were 
also matched according to the disease duration. 

Comparisons between these patients were performed 
by categorizing patients according to the M-ANNHEIM 
classification system [20]. The M-ANNHEIM system 
differentiates between fi ve stages of chronic pancreatitis: 
Stage 0, subclinical chronic pancreatitis; Stage I, chronic 
pancreatitis without pancreatic insufficiency; Stage II, 
chronic pancreatitis with partial (exocrine or endocrine) 
pancreatic insuffi ciency; Stage III, chronic pancreatitis with 
complete (exocrine and endocrine) pancreatic insuffi ciency 
with pain; Stage IV, chronic pancreatitis with complete 
pancreatic insuffi ciency without pain. The M-ANNHEIM 
classifi cation system also includes a scoring system of 
clinical features which grades the presence of abdominal 
pain, therapeutic approaches for pain control, pancreatic 
surgical interventions, exocrine and endocrine insuffi ciency, 
morphological status of the organ, and the occurrence of 
additional severe organ complications. The diagnostic and 
therapeutic features are linked to representative amounts 
of points. Depending on the presence or absence of these 
clinical features, the corresponding points are added to 
an overall score of clinical severity which then results in 
categorization of patients according to the M-ANNHEIM 
Severity Index. Within this index, a M-ANNHEIM Severity 
Level A (minor severity) is reached with 0-5 points; Level 
B (increased severity) with 6-10 points; Level C (advanced 
severity) with 11-15 points; Level D (marked severity) with 
16-20 points; and Level E (exarcerbated severity) with more 
than 20 points [20].  

Mutation analysis
Genomic DNA was isolated from whole blood using the 

Sigma DNA extraction kit. An allele specifi c polymerase 
chain reaction was used as an initial screening method for 
the N34S mutation according to a previous report [21]. 
In order to confi rm the results and to determine the N34S 
genotype status with regard to hetero- and homozygosity, 
we used a restriction fragment length polymorphism method 
as described previously [8]. The primer sequences are 
summarized in Table I.

For the allele specifi c PCR, we used the following cycling 
conditions: an initial step at 94ºC for 5 minutes; then 30 
cycles at 94ºC for 30 seconds, 64ºC for 30 seconds, 72ºC for 
30 seconds; then an elongation step at 72ºC for 5 minutes. 
This allele specifi c PCR generated two fragments of 285 
bp and 190 bp if the N34S mutation was present, and one 
fragment of 285 bp for the wild type.

For the RFLP method, we used the following cycling 
conditions: an initial step at 94ºC for 5 minutes; then 35 
cycles at 94ºC for 30 seconds, 60ºC for 30 seconds, 72º for 
1 minute; then an elongation step at 72ºC for 7 minutes. 

Table I. Sequences of oligonucleotide primers for the SPINK1 gene
Primers Allele specifi c PCR RFLP method

Sense 5’-CAATCACAGTTATTCCCCAGAG-3’ 5’-TTCTGTTTAATTCCATTTTTAGGCCAAATGCTGCA-3’

Antisense 5’-GTTTGCTTTTCTCGGGGTGAG-3’ 5’-GGCTTTTATCATACAAGTGACTTCT-3’

Mutation 5’-CCATTTTTAGGCCAAATGTTACAG-3’

PCR = polymerase chain reaction; RFLP = restriction fragment length polymorphism
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Then, the PCR products were digested with restriction 
endonucleases PstI and BsrDI. The products were analysed 
by agarose gel electrophoresis. The primers for this digestion 
were designed to introduce a PstI endonuclease restriction 
site in sequences carrying the N34S variant, and a BsrDI 
endonuclease restriction site in sequences of the wild-type. 
Undigested products were 320 bp in length. After digestion 
with PstI, a product of 286 bp was obtained from mutant 
sequences. After digestion with BsrDI, a product of 286 
bp was obtained from wild-type sequences. Heterozygote 
samples produced both products of 320 bp and 286 bp after 
digestion with either endonuclease. Figures 1 and 2 provide 
an overview of results obtained with the RFLP methods.

also excluded. We performed a PubMed search using the 
keywords “SPINK1”, “genetic” and “chronic pancreatitis” 
which resulted in 96 articles. Then, we restrained our search 
using the words “SPINK1”, “pancreatitis”, “alcoholic”, and 
we obtained 16 articles. In addition, the reference lists of all 
articles and of various review articles were screened to detect 
further articles that might have been missed by our initial 
search strategy. If the same patient and control cohorts were 
reported in several published articles, we only included the 
last publication. We excluded case reports, review articles, 
studies only published as abstract, editorials, and articles not 
written in English language from our analysis. 

Statistical analysis
The statistical analysis was based on the comparison of 

the number of individuals that carried a N34S variant, and 
not on the comparison of allelic frequencies. A p-value of 
less than 0.05 was considered statistically signifi cant. We 
analysed each selected study and our present investigation by 
a separate risk calculation (OR, CI 95%). We used Cochrane-
Q-Statistic-Test to test for heterogeneity between included 
studies. Since our results suggested no heterogeneity 
(p>0.05), we performed a meta-analysis using the fi xed-
effect approach according to the Mantel-Haenszel method. 
Data processing was performed using the MedCalc Software 
version 8.1.0.0 (Frank Schoonjans, Belgium).

Results
Etiology of pancreatitis
We recruited 94 patients with chronic pancreatitis 

(82 males,12 females). We detected alcoholic chronic 
pancreatitis (A) in 80 patients, idiopathic chronic pancreatitis 
(H) in 10 patients. We observed the etiology of efferent 
duct factors (E) with pancreas divisum in 2 patients which 
had chronic obstructive pancreatitis and marked changes 
of the dorsal pancreatic duct. We found the etiological risk 
factor of hypertriglyceridaemia (Nutrition) in one patient 
with recurrent attacks of acute pancreatitis. Finally, one 
patient presented with posttraumatic chronic pancreatitis 
(Miscellaneous). Among the patients presenting with alcohol 
consumption, 91 % were also smokers (Nicotine). 

Clinical presentation
The general characteristics of our patient cohort are 

summarized in Tables II and III. There were no differences 
regarding the age at onset of symptoms between patients with 
alcoholic (mean age ± standard deviation 41.8 ± 9.7 years) 
and idiopathic (mean age ± standard deviation 36.3 ± 11.4 
years) chronic pancreatitis. Table IV provides an overview 
of the clinical features of the four patients with alcoholic 
chronic pancreatitis that carried a N34S mutation. There 
was no difference between the age at onset of the disease in 
patients with and without N34S mutation.

For the comparison of the course of the disease in 
alcoholic chronic pancreatitis patients with and without 
N34S mutation, we sex-matched 2 male N34S positive 
patients with alcoholic chronic pancreatitis with available 

Fig 1. N34S Restriction fragment length polymorphism 
analysis after digestion with PstI and BsrDI. Samples 1-8 
are wild-types.

Fig 2. N34S Restriction fragment length polymorphism 
analysis after digestion with PstI. Sample I is a heterozygous 
mutant sequence, samples A-H and J-P are wild-types.

Studies’ selection
In order to further analyse the frequency of the N34S 

mutation in patients with alcoholic chronic pancreatitis, 
we pooled our results with data from other studies. For this 
purpose, we performed a meta-analysis by systematically 
reviewing the world’s literature on SPINK1 variants. We 
considered only case-control studies in which the frequencies 
of the N34S mutation in acute recurrent pancreatitis or 
chronic pancreatitis patients and healthy controls were 
recorded. Investigations in which no N34S variant was 
detected in patients with alcoholic chronic pancreatitis were 
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Table II. Characteristics of the patients with chronic pancreatitis

Parameters          Values

Gender: Female/Male       12/84

Age at diagnosis: mean ± SD    44.6 ± 9.9

Etiology: n (%)

ACP                                    80 (85.1%)

ICP                                  10 (10.6%)

Other                                       4 (4.25%)

Drinking habits*:

Quantity (g/day): median (range) 84 (154)

Period (years): median (range) 8 (28)

Smoking:

Quantity (packs/day): median (range) 0.6 (1.2)

Period (years): median (range) 21.0 (43)

N = number of patients; ACP = alcohol related chronic  pancreatitis; 
ICP = idiopathic chronic pancreatitis. SD = standard deviation. * = in 
patients with alcohol related chronic pancreatitis.

Table III. Clinical characteristics of patients with alcoholic versus 
idiopathic chronic pancreatitis

 ACP 
n=80

ICP
 n=10

P

Gender: Female/Male 5/75 6/4 <0.001

Age of diagnosis:
 mean ± SD

44.4 ± 9.5 43.0 ± 13.5 0.698

Age at onset: mean ± SD 41.8 ± 9.7 36.3 ± 11.4 0.193

Smoking:

Quantity (packs/day): 
median (range)

0.7 (1) 0.3 (0.3) 0.003

Period (years): median 
(range)

21.0 (43) 23 (16) 0.615

N = number of patients; ACP = alcohol related chronic pancreatitis; 
ICP = idiopathic chronic pancreatitis.

Table IV. Clinical characteristics of patients with alcoholic chronic pancreatitis having the N34S mutation

Patient Gender Age at 
onset 
(yr)

Pancreatic 
insuffi ciency

Diabetes Complications Surgery or 
endoscopic 
treatment

Mannheim 
classifi cation 

staging

Mannheim 
classifi cation 

severity

Remarks

1 F 34 yes No Pancreatic 
abscess

yes II C Died due to 
pancreatic abscess

2 M 33 NA NA NA NA NA NA Lost to follow-up

3 M 35 yes yes no no IV B Has intraductal 
calculi, without 

pain

4 M 45 no no pseudocyst yes I B Asymptomatic

F=female; M=male; yr,=years; NA=not available

N34S negative male patients. We matched the patients 
according to age at onset (Table V) and according to disease 
duration (Table VI). We did not observe a more severe course 
of the disease in patients carrying the N34S variant. In the 
other two patients with N34S mutation, matching was not 
possible because one patient was lost to follow-up, and, for 

the female patient with N34S mutation, no further female 
patients fulfi lling the required criteria were available. 

Mutational analysis
We found a heterozygous N34S mutation in 4 out of 80 

(5%) patients with alcoholic chronic pancreatitis and in 1 
out of 96 (1%) healthy controls. The frequency of the N34S 
mutation in patients with alcoholic chronic pancreatitis 
versus the frequency in the control population was not 
signifi cantly different (OR=5.0, CI 95%=0.5-45.7, p=0.3).

We found another heterozygous N34S mutation in a 
patient with non-alcoholic disease who presented with a 
pancreas divisum, smoked 30 cigarettes/day for 20 years 
and had a daily alcohol consumption of < 20 g (Efferent 
duct etiology). We did not observe a N34S mutation in any 
of the patients which we classifi ed as idiopathic chronic 
pancreatitis.

Power of the study
As the sample size of our patient population was too 

small to reveal a statistically signifi cant difference between 
patients with alcoholic chronic pancreatitis and controls, 
we performed a power analysis based on the observed 
frequencies of the N34S variant in our patient and control 
populations. Due to the low prevalence of the observed 
mutation, an equal size study design would need a minimum 
of 282 patients in each group for a study power of 80% to 
demonstrate a statistical signifi cant difference.

Meta-analysis
According to our selection criteria, we included 8 articles 

into our statistical analysis in which the control population 
consisted of healthy individuals [8-11, 21-24]. In this 
meta-analysis we put our data in the context of the results 
of similar studies from the literature that investigated the 
frequency of the SPINK1 N34S mutation in patients with 
alcoholic chronic pancreatitis and healthy controls (Table 
VII). No heterogeneity was found between the different 
studies (Q=5.4220, DF=8, p=0.7117). Finally, our data 
collection was concordant in considering N34S mutation 
as a risk factor for the development of alcoholic chronic 
pancreatitis. By combining the individual risk level of each 
study, we obtained an odds ratio > 1, with both limits of 
the CI of 95% larger than 1, and a p-value < 0.001 for the 
prevalence of the N34S mutation in patients with alcoholic 
chronic pancreatitis versus controls (Fig. 3).
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Discussion

The present study represents the fi rst genetic investigation 
of the SPINK1 N34S mutation in patients from South-
Eastern Europe with alcoholic chronic pancreatitis. The 
observed frequency of the N34S mutation in patients and 
controls from Romania is similar to the frequencies that have 
been reported in other studies from throughout the world [5, 

8-11, 21-25]. In the following step, we pooled our results 
with the reported prevalences of the N34S mutation from 
investigations that fulfi lled the criteria of our meta-analysis. 
This approach puts our data in line with the results of another 
recent meta-analysis from Aoun et al which explored the 
role of the high risk SPINK1 N34S haplotype in all forms 
of chronic pancreatitis [26] and confi rms that the SPINK1 
N34S mutation represents a risk factor for the development 

Table V. Clinical characteristics of age of onset- and sex-matched alcoholic patients with and without N34S mutation*

Patient PSTI 
genotype

Age at onset 
(yr)

Pancreatic 
insuffi ciency

Diabetes Complications Surgery or 
endoscopy

Mannheim 
classifi cation 

staging

Mannheim 
classifi cation 

severity

Matched Pa N34S 45 no no 1 yes I B

1 43 yes yes 2 yes II D

2 45 no no no yes I A

3 46 yes no 3 yes II C

4 46 no yes 1 yes II C

Matched Pb N34S 35 yes yes no no IV B

1 31 yes yes 4 no IV B

2 36 yes no no yes II B

3 34 no no 2 yes II D

4 34 yes no no yes II B

5 31 no no no yes I C

6 31 yes no 2 yes II C
aPatient with N34S mutation and age at onset of 45 years and 4 matched patients; bPatient with N34S mutation and age at onset of 35 years and 6 
matched patients; * The course of alcoholic chronic pancreatitis is similar in age of onset- and sex-matched alcoholic chronic pancreatitis patients 
with and without SPINK1 N34S mutation; 1=pseudocyst; 2=bile duct stenosis; 3=pancreatic abscess; 4=segmental portal hypertension

Table VI. Clinical characteristics of disease duration - and sex-matched alcoholic patients with and without N34S mutation*

Patient PSTI 
genotype

Disease 
duration (yr)

Pancreatic 
insuffi ciency

Diabetes Complications Surgery or 
endoscopy

Mannheim 
classifi cation 

staging

Mannheim 
classifi cation 

severity

Matched Pa N34S 4 no no 1 yes I B

1 5 yes yes 1 yes IV C

2 5 yes no 3 yes II C

3 6 yes yes 3 yes III D

4 6 no no no no I B

5 5 yes yes 1,2 no III D

6 5 yes no 1 yes II B

7 5 yes yes 2 yes III D

Matched Pb N34S 7 yes yes no no IV B

1 7 yes yes 2 yes IV C

2 8 yes yes no yes IV B

3 7 yes yes 1,3 yes IV C

4 7 no no 2 yes I C

5 8 no yes no no II B

6 9 no no no yes I C

7 9 no no 1 yes I B

 *The course of alcoholic chronic pancreatitis is similar in disease duration- and sex-matched patients with and without SPINK1 N34Smutation; 
aPatient with N34S mutation and age at onset of 45 years and 7 matched patients; bPatient with N34S mutation and age at onset of 35 years and 7 
matched patients; 1=pseudocyst; 2=bile duct stenosis;3=pancreatic abscess; 4=segmental portal hypertension.
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of alcoholic chronic pancreatitis [10, 26]. However, 
controversy still exists about the role of this mutation in 
chronic pancreatitis, and how this variant may infl uence the 
clinical course of the disease.

In clinical practice, genotype-phenotype correlations 
might be important if genetic testing could help to identify 
individuals at risk for more severe and more complicated 
courses of the disease. Unfortunately, clinical data of 
patients with alcoholic chronic pancreatitis tested positive 
for SPINK1 N34S are extremely rare since only a few studies 
have addressed this issue in more details [9, 11, 21, 22]. In 
a previous investigation from the USA, matching between 
mutation positive and mutation negative patients according 
to age at onset and sex was performed, but no differences 

regarding the clinical course of the disease were found 
[11]. Similar fi ndings were also reported from other groups 
[9, 21]. Recently, Masamune et al reported that patients 
carrying the N34S mutation presented with more dilatation 
of the pancreatic duct and required more often endoscopic 
or surgical interventions than patients without a genetic 
variant [22]. It is worth noting that a detailed matching of 
patients with alcoholic chronic pancreatitis has only been 
performed in the USA study [11], but not in the remaining 
investigations that provided more detailed information of 
clinical features of N34S positive individuals [9, 21, 22]. 
Therefore, we reinvestigated this issue and again compared 
patients with alcoholic chronic pancreatitis with and without 
N34S mutation. We matched our patients for age at onset 
and sex, and for disease duration and sex, but our approach 
did not reveal signifi cant differences between these patient 
groups. However, due to the small number of individuals in 
our population that carried a N34S variant and were available 
for disease matching, further studies are needed to clarify the 
infl uence of SPINK1 N34S on the course of alcoholic chronic 
pancreatitis. In addition, the role of the N34S mutation might 
be different in various forms of chronic pancreatitis.

Indeed, the association of SPINK1 N34S is much 
stronger with idiopathic or tropical chronic pancreatitis 
than with alcoholic pancreatitis [5], and the N34S mutation 
appears to predispose to an earlier age at onset only in 
individuals with idiopathic disease [7, 22, 27]. Recently, 
Aoun et al concluded from their comprehensive analysis of 
the SPINK1 N34S mutation that, different from idiopathic 
or tropical pancreatitis, alcohol may drive fi brosis primarily 
through a trypsin-independent pathway refl ected by the 
signifi cantly lower association of SPINK1 N34S with this 
etiology [26]. Furthermore, the authors raised the concern 
that the presence of potential confounding variables or 

Table VII. Studies included in the meta-analysis that investigated the N34S mutation in patients with chronic alcoholic pancreatitis versus 
healthy controls

Author Year Journal Patients SPINK +/ 
Total number

Controls SPINK+/ 
Total number

OR 95%CI

Masamune [22] 2007 J Gastroenterol 0/44 1/165 1.23 0.04-30.77

Lee [23] 2005 Dig Dis Sci 1/43 0/35 2.50 0.09-63.44

Chandak [9] 2004 Gut 10/41 8/290 11.37 4.17-30.93

Lempinen [24] 2005 Scand J 
Gastroenterol

9/87 12/459 4.29 1.75-10.54

Drenth [21] 2002 Gut 5/72 2/120 4.40 0.83-23.32

Witt [10] 2001 JAMA 16/274 4/540 8.31 2.75-25.10

Schneider [11] 2003 Dig Dis Sci 2/32 3/190 4.15 0.66-25.91

Threadgold [8] 2002 Gut 4/67 5/200 2.47 0.64-9.50

Perri [25] 2003 Eur J Hum Genet 1/45 NA (patients with 
alcoholic liver 

disease)

NA NA

Our study 4/80 1/96 5.00 0.54-45.67

Total (fi xed 
effects)

51/740 36/2095 5.31 3.34-8.42

NA, not applicable. The study from Perri et al.[20] was not included into the meta-analysis since the control population consisted of patients with 
alcoholic liver disease. Test for heterogeneity: Q=5.4220, DF=8, p=0.7117.

Fig 3. Meta-analysis of the frequency of the SPINK N34S mutation 
in alcoholic chronic pancreatitis in various studies from throughout 
the world. Odds ratio>1, with both CI 95% limits>1, confi rming the 
N34S mutation as risk factor  for alcoholic chronic pancreatitis
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modifying factors such as sex, smoking, or ethnicity has 
not been suffi ciently considered in previous studies to allow 
a clear distinction between trypsin-dependent and trypsin-
independent pathways [26].

In this context, the only patient with non-alcoholic 
chronic pancreatitis that carried a N34S mutation within 
our patient cohort refl ects this concern and represents an 
important example for the complexity of the disease. In 
addition to the genetic predisposition in the SPINK1 gene, 
this patient had smoked 30 cigarettes per day for 20 years 
and presented a pancreas divisum with marked changes of 
chronic pancreatitis of the dorsal duct on pancreatic imaging. 
This patient combines thus three risk factors according to 
the M-ANNHEIM multiple risk factor classifi cation system 
[20]. Much larger patient cohorts are required and need to be 
compared based on meaningful clinical criteria to emphasize 
the impact of each risk factor on the clinical course of the 
disease.

In the present study, we applied the recently developed 
M-ANNHEIM classifi cation of chronic pancreatitis for 
clinical comparisons [20]. This represents a unifying system 
that categorizes patients according to etiology and disease 
stages, and allows the differentiation of clinical features 
based on a severity score. Our investigation represents 
the fi rst study in which patients with alcoholic chronic 
pancreatitis were systematically stratified according to 
this system. We confi rm previous results regarding the 
clinical presentation of alcoholic chronic pancreatitis with 
the SPINK1 N34S mutation by applying the criteria of the 
M-ANNHEIM classifi cation severity score [9, 11, 21, 22]. 
Thus, our data provide evidence that the M-ANNHEIM 
classifi cation system represents a useful tool in clinical 
practice.

Conclusion
We confirm that the SPINK1 N34S mutation is of 

limited relevance in alcoholic chronic pancreatitis. The 
M-ANNHEIM classifi cation system of chronic pancreatitis 
allows a clear comparison of patients based on the underlying 
disease duration. Further studies are needed to validate this 
classifi cation system and to study the impact of the SPINK1 
N34S mutation on the clinical course of the disease. 
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