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Abstract: Only 3–5% of heavy alcohol users develop acute alcohol pancreatitis (AAP). This suggests
that additional triggers are required to initiate the inflammatory process. Genetic susceptibility
contributes to the development of AAP, and SPINK1 mutation is a documented risk factor. We
investigated the prevalence of the SPINK1(N34S) mutation in patients with AAP compared to heavy
alcohol users who had never suffered an episode of pancreatitis. Blood samples for the mutational
analysis from patients with first episode (n = 60) and recurrent AAP (n = 43) and from heavy alcohol
users without a history of AAP (n = 98) as well as from a control population (n = 1914) were obtained.
SPINK1 mutation was found in 8.7% of the patients with AAP. The prevalence was significantly lower
in healthy controls (3.4%, OR 2.72; 1.32–5.64) and very low in alcoholics without pancreatitis (1.0%,
OR 9.29; 1.15–74.74). In a comparison adjusted for potential cofounders between AAP patients and
alcoholics, SPINK1 was found to be an independent marker for AAP. The prevalence of the SPINK1
mutation is overrepresented in AAP patients and very low in alcoholics without pancreatitis. This
finding may play a role in understanding the variable susceptibility to AAP found in heavy alcohol
users.

Keywords: acute alcohol pancreatitis; alcoholics; genetics; genes; SPINK1; serine protease inhibitor
Kazal-type 1

1. Introduction

Acute pancreatitis (AP) is a common gastrointestinal disease with an average incidence
of 30–50/100,000 inhabitants in western countries [1,2]. Gallstones are considered the most
common etiology for AP with alcohol being the second [3,4]. Currently, alcohol is the
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number one etiology in Finland with around 70% of cases being alcohol induced [5].
Heavy alcohol consumption is one of the most important risk factors for first episode and
recurrent AP (RAP). Epidiemiologic evidence shows that the risk of AP correlates with
increasing alcohol consumption and binge drinking [6,7]. Amount, type and duration
of alcohol consumption to initiate the inflammatory process is still unclear [8]. It has
been demonstrated that abstinence effectively protects against recurrences in acute alcohol
pancreatitis (AAP) [9,10]. However, only around 3%–5% of heavy alcohol users develop
AAP regardless of heavy drinking [11,12]. This suggests that there are additional triggers
that are required to initiate the inflammatory process in AP. It may also be that lack of
protective factors increases the susceptibility to AP.

Regarding other risk factors for AAP, smoking has been shown to elevate the risk
for first and recurrent non-gallstone-related AP and longer duration of smoking seems to
be associated with an even more increased risk [13–16]. Obesity has been demonstrated
to increase the risk for both non-gallstone- and gallstone-related AP [17–20]. Type 2
diabetes mellitus (T2DM) increases the risk for AP and simultaneous alcoholism potentiates
the risk [20]. Genetic predisposition such as X-chromosome-linked claudin-2 (CLDN2)
mutation as well as drinking habits may explain why AAP is more common in men [21].
The first attack of AAP typically presents in the age between 30–60 years [22].

In AP, the premature activation of trypsinogen to trypsin and the consequent pancreatic
autodigestion results in a local inflammatory process. Genetic susceptibility to pancreatitis
was first discovered in 1996 with the cationic trypsinogen (PRSS1) mutation in patients
with hereditary pancreatitis (HP) [23]. Since then, numerous genetic variants have been
linked to pancreatitis. One of the most studied is the mutation in serine protease inhibitor
Kazal-type 1 (SPINK1). SPINK1 is an antiprotease which serves as an inactivator of
prematurely activated trypsin and therefore protects against pancreatitis. The association
between SPINK1 mutation and chronic pancreatitis (CP) was first discovered in 2000, and
subsequently shown in AP and hereditary pancreatitis [24–26]. According to a recent
meta-analysis, SPINK1 mutation significantly increases the risk of AP [27]. SPINK1 may
also be associated with more severe AP, but this finding remains uncertain [25,28].

Although several genes have been documented as risk factors for pancreatitis, only
a few genetic studies have been conducted in the context of environmental and clinical
factors. Our aim was to study the prevalence of SPINK1 (N34S) mutation in relation to
known risk factors for non-gallstone pancreatitis in patients with AAP compared to heavy
alcohol users who had never suffered an episode of pancreatitis.

2. Results

Baseline characteristics are shown in Table 1. The mean alcohol consumption (19.5 vs.
10.3 portions per sitting, p < 0.001) and Alcohol Use Disorders Identification Test (AUDIT)
scores (30.9 vs. 18.5, p < 0.001) were significantly higher in the alcoholics group compared
to AAP patients. Alcoholics were significantly more frequently smokers compared to AAP
patients (82.7% vs. 60.2%, p = 0.001) and healthy controls (82.7% vs. 14.5%, p < 0.001).
Alcoholics used drugs more often compared to AAP patients (10.2% vs. 4.9%, p = 0.03).

The SPINK1 N34S mutation was found in 8.7% (n = 9) of the patients with AAP. The
prevalence of SPINK1 did not significantly differ between first and recurrent AAP (10% vs.
7.0% respectively, p = 0.435). Of the 103 AAP patients, the disease was mild in 77 (74.8%),
moderately severe in 22 (21.4%) and severe in 4 (3.9%) cases. In all patients with SPINK1
mutation, the severity of AP was mild. However, compared to patients with a normal
variant, the difference in severity did not reach statistical significance (p = 0.084). As shown
in Figure 1, the prevalence of SPINK1 mutation was significantly lower in healthy controls
(3.4%, n = 65: OR 2.72; 1.32–5.64) and very low in alcoholics without pancreatitis (1.0%,
n = 1: 9.29; 1.15–74.74). The difference remained statistically significant when comparing
only patients with first episode AAP to the control population (OR 3.16; 1.31–7.61), as well
as to the alcoholics group (OR 10.78; 1.26–91.89).
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Table 1. Demographic and clinical characteristics of alcoholics without pancreatitis, AAP patients
and control population.

Alcoholics p-Value AAP p-Value Controls
(n = 98) (n = 103) (n = 1914)

Mean age (years) 54 (30–76) 0.761 54 (25–88) <0.001 42 (34–49)
Sex; female (%) 31/98 (31.6) <0.001 9/103 (8.7) <0.001 1067/1914 (55.7)

Mean BMI 25.4 (16–40) a 0.014 26.9 (18–46) 0.416 26.5 (16–58) b
T2DM (%) 2 (2) 0.098 7 (6.8) 0.009 37 (2) c

Smoking (%) 81/98 (82.7) 0.001 62/103 (60.2) <0.001 264/1817 (14.5) d
Years of smoking 23.4 (0–45) 0.042 19.4 (0–52) NA NA

Cigarettes per day 19 (0–60) 0.001 12 (0–90) NA NA
Illicit drug use (%) 14/98 (10.2) 0.03 5/103 (4.9) NA NA

Alcoholic portions per sitting 19.5 (5–52) <0.001 10.3 (1–30) NA NA
Alcohol intake g/day 149.7 (2.6–624.0) <0.001 60.7 (1.7–312.0) e <0.001 9.0 (0.0–171.4) f

Type of Alcohol
Mild, ABV ≤ 22% (%) 27 (27.5) 0.001 58 (56.3) NA NA
Hard, ABV > 22% (%) 22 (22.4) 0.986 23 (22.5) NA NA

Mixed (%) 49 (50) <0.001 22 (21.4) NA NA
Mean AUDIT 30.9 (15–40) g <0.001 18.5 (1–40) h NA NA

a: n = 95, b: n = 1903, c: n = 1772, d: n = 1817, e: n = 97, f: n = 1877, g: n = 91, h: n = 101.
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Figure 1. The prevalence and odds rations of SPINK1 (N34S) in patient and control groups.

In a binomial logistic analysis comparing AAP patients with the control population
adjusted for smoking, alcohol consumption, BMI, gender and T2DM (Table 2), the SPINK1
mutation did not remain as an independent marker in AAP (OR 2.36; 0.40–14.02). In this
model, alcohol consumption (daily intake g/day: OR 2.11; 1.85–2.40), male sex (OR 3.08;
1.29–7.39) and smoking (OR 2.60; 1.29–5.22) were found to be independent markers in AAP.
Other cofounders were not statistically significant. When using the same model comparing
AAP patients and heavy alcohol users, SPINK1 was found to be an independent marker in
AAP (OR 26.32; 2.52–274.41) and male sex (OR 12.96; 4.54–36.96). In this comparison model,
amount of alcohol consumed was found to have a negative correlation (OR 0.83; 0.78–0.88).
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Table 2. Known risk factors for AAP in a binomial regression analysis comparing AAP patients with
alcoholics and healthy controls.

Variable
OR (CI 95%) OR (CI 95%)

Alcoholics vs. AAP (n = 98 & 103) Controls vs. AAP (n = 1914 & 103)

Smoking 2.06 (0.86–4.91) 2.60 (1.29–5.22)
Alcohol intake g/day 0.83 (0.78–0.88) 2.11 (1.85–2.40)

BMI 1.08 (0.99–1.19) 1.01 (0.94–1.09) a

Gender (male) 12.96 (4.54–36.96) 3.08 (1.29–7.39)
T2DM 6.92 (0.54–88.84) 1.92 (0.39–9.43)

SPINK1 mutation 26.32 (2.52–274.41) 2.36 (0.40–14.02)

a: n = 95, BMI not recorded in 8 AAP patients.

3. Discussion

To the best of our knowledge, this is the first study comparing the prevalence of
SPINK1 N34S mutation in AAP patients, alcoholics without history of pancreatitis and
healthy controls in the context of known risk factors for AAP. Our report suggests that
in AAP patients SPINK1 mutations are prevalent in almost 9% of cases, which is signifi-
cantly more than in healthy controls or alcoholics without pancreatitis. In contrast to our
expectations, SPINK1 mutations were not an independent risk factor for AAP. However, in
a subgroup of individuals with excessive alcohol use, it was found to be independently
associated with AAP.

Mutation in SPINK1 N34S is an accepted risk factor for pancreatitis [25,27]. Testing for
SPINK1 gene mutations is recommended in AP patients with recurrent idiopathic pancre-
atitis, patients under 25 years with RAP, and patients with a positive family history [29]. In
patients with high burden of risk factors, genetic testing including SPINK1 mutation analy-
sis may be useful to elucidate further risk factors. After an episode of AAP, interventions
against alcoholism and the associated risk factors have been shown to prevent recurrent
attacks [30].

Our study’s strengths include amount and preciseness of data on known risk factors
for AAP in patients and alcoholics groups. We accounted for the main risk factors for AAP
and demonstrated that in individuals with excessive drinking, the burden of known risk
factor is not directly associated with the development to AAP. We demonstrate that in
alcoholics without pancreatitis, drinking habits (daily intake in grams per day, portions per
sitting, AUDIT points and type of alcohol consumed) were significantly higher compared
to AAP patients. They were more active smokers and used more drugs than AAP patients.
Our data suggest that these individuals who do not develop AAP despite the heavy burden
of risk factors have less other risk factors and/or protective factors against the disease. It
has been proposed that alcohol, as well as smoking, serves as a disease modifier and that
accumulation of risk factors, including increased genetic susceptibility, is needed to initiate
the inflammatory cascade in AP [31].

In our study, BMI of alcoholics was significantly lower than in patients with AAP
(25.4 vs. 26.9). This difference did not remain significant in the multivariate analysis.
Additionally, most of the AAP patients were males. Drinking patterns and amount of
alcohol consumed in males do at least partly explain the sex difference [11]. However, other
susceptibility factors, such as X-chromosome-linked CLDN2 mutation has been proposed
as a possible factor [21]. In a comparison between AAP patients and alcoholics without
pancreatitis, we demonstrate that the role of SPINK1 mutation is overrepresented as an
individual risk factor for AAP. As only a minority of heavy alcohol users develop AAP, our
findings demonstrate that genetic predisposition plays a significant role in determining the
risk of AAP. However, it seems that SPINK1 only partially explains the variable susceptibil-
ity to AAP found in heavy alcohol users. It would be interesting to study the role of other
known genetic risk alleles in a genome-wide association study. The lack of wider genetic
analysis is a limitation of our study as well as our relatively small study population.
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In our large control population, SPINK1 N34S mutation was found in 3.4% of the
individuals, which is consistent with previous reports from Finland [25,32]. The associ-
ating between SPINK1 mutation and pancreatitis has been well established. In a meta-
analysis of 42 studies by Liu et al., the pooled OR for pancreatitis in total was 7.77 (95% CI,
5.23–11.54) [33]. Regarding the associating between AP and SPINK1 N34S, a meta-analysis
by Jøergensen et al. yielded an OR of 2.82 (2.03–3.93) [34]. Aoun et al. found that SPINK1
was not associated with the initial attack of AP [35]. In patients with AAP, we demonstrated
a significant association between SPINK1 mutation and the first episode of AAP. Abstinence
has been shown to effectively protect against recurrences of AAP [9,10]. Since the etiology
of AP was exclusively alcohol-induced in our study, it is probable that some patients after
the initial attack of pancreatitis develop recurrent attacks later if abstinence is not achieved,
especially if they have SPINK1 mutation.

4. Materials and Methods

In a prospective study, the study population consisted of 103 patients with AAP, of
whom 60 had their first and 43 had a recurrent episode. The patients were treated at
Tampere University Hospital which is the only tertiary care hospital in Pirkanmaa Hospital
District, Finland. The diagnosis of AP was based on at least two of the following three
criteria: (1) Serum amylase level more than three times the upper reference limit, (2) Acute
onset epigastric pain, (3) Suitable findings in imaging studies (computed tomography,
ultrasonography, magnetic resonance imaging) according to the 2012 revised Atlanta
Classification [36]. Alcohol as a probable etiology of pancreatitis was determined by self-
reported history of heavy drinking, suitable laboratory testing (carbohydrate-deficient
transferrin, mean corpuscular volume, and glutamyltransferase) and using the Alcohol
Use Disorders Identification Test (AUDIT). Type of alcohol consumed was also recorded
and divided into mild (≤22% of ethyl alcohol by volume, ABV) and hard alcohol (>22%
respectively).

EDTA blood samples from patients with AAP were obtained during hospitalization or
during subsequent control visit and stored at –70 ◦C. Hospital records, including laboratory
testing results, imaging findings and medical records including alcohol use (AUDIT testing,
average alcohol intake in grams per day in the last 4 weeks and reported portions per
sitting; amount of alcoholic portions containing an equivalent of 14 g of pure alcohol on an
average day in the last 4 weeks), as well as illicit drug (any illicit drug use, self-reported)
and tobacco use (currently smoking or in the last 3 years, total years of smoking, cigarettes
per day) were collected. From a local A-clinic (alcohol and substance abuse prevention and
treatment clinic), we collected the same baseline information including substance usage
(alcohol, smoking, illicit drugs) and obtained EDTA blood samples from the individuals
during their A-clinic visits (alcoholics group, n = 98). Data from patients with AAP were
collected between January 2004 and November 2012 and from alcoholics between March
2004 and November 2005. A Finnish control population from five University Hospital
districts (Turku, Helsinki, Tampere, Kuopio and Oulu areas) of 1914 individuals was
previously collected as a part of a genome-wide association study (GWAS, Young Finns
study) [37]. Their genome was previously analyzed.

4.1. DNA Extraction and Purification from Blood

Genomic DNA was extracted from 200 µL of whole blood using MACHEREY-NAGEL
NucleoSpin® Blood kit (Düren, Germany) according to manufacturer´s instructions. The
samples were eluted in 60 µL of elution buffer. DNA was stored in −70 ◦C for further
analysis.

4.2. Detection of Spink1 Mutation

Primer sequences for detection of N34S mutation in the SPINK1 gene (NCBI Reference
Sequence NG_008356.2) were adapted as described previously [38]. The sequences were
the following: forward primer 5′-CTC TTA CTG GAG TAG AAT GCA-3′, reverse primer
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5′-GTT TGC TTT TCT CGG GGT GAG-3′. PCR reactions contained 2.5 µL of 10X DreamTaq
Buffer (includes 20 mM MgCl2; ThermoFisher Scientific, Waltham, MA, USA), 0.5 µL of
dNTP mix (10 mM each; ThermoFisher Scientific), 1 µL of each primer (10 µM), 2 µL of
template and 0.125 µL of DreamTaq DNA Polymerase (5 U/µL; ThermoFisher Scientific)
with sterile water that was used to adjust the final volume to 25 µL. The following cycling
conditions were used: 95 ◦C for 3 min (initial denaturation), 95 ◦C for 30 s, 54 ◦C for 30 s,
72 ◦C for 1 min (cycling repeated 36 times) and final extension at 72 ◦C for 2 min. A total of
20 µL of PCR product was digested with 3 µL of HpyCH4III restriction enzyme (5 U/µL;
New England Biolabs, Ipswich, UK) by following manufacturer´s instructions. Digested
samples were run in commercial 5% polyacrylamide Mini-PROTEAN TBE Precast Gels
(Bio-Rad Laboratories, Hercules, CA, USA). The N34S mutation produces two additional
bands at 109 and 189 bp by cutting the 298 bp fragment present in wild-type samples
among other fragments [38].

4.3. Statistical Analysis

Statistical analysis was carried out using IBM SPSS Statistics for Macintosh and Win-
dows (Version 26.0, Armonk, NY, USA). The p-values under 0.05 were considered statisti-
cally significant. Fisher’s exact test and Chi-square test were used in categorical variables
when appropriate and student’s t-test (normal distribution) or Mann–Whitney U test
(skewed distribution) were used in continuous variables to test for statistical significance.
Odds ratios were calculated using 95% confidence interval. Effect of SPINK1 mutation as
an independent factor for AAP was evaluated using binomial logistic regression model
adjusted for potential confounders.

5. Conclusions

SPINK1 N34S mutation is overexpressed in AAP patients compared to healthy controls
and the prevalence was remarkably low in alcoholics without pancreatitis. In patients with
excessive alcohol use, the expression of SPINK1 mutation seems to be an independent risk
factor for AAP. These findings may help in assessing the individual risk for pancreatitis as
well as to effectively target interventions against recurrent attacks.

Author Contributions: The study was planned by A.N., K.A.M., K.-H.H. and J.L. A.N., K.-H.H.,
T.L., M.K., O.R., I.S. and J.L. participated in the design of the study. A.N., S.J.M., A.P., H.S., P.P.,
I.N., J.S. and J.L. participated in the data collection and/or analysis. All authors participated in the
discussion and interpretation of results. A.N., M.K., K.-H.H. and J.L. drafted the manuscript. All
authors critically revised the manuscript for intellectual content and approved the final version. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was financially supported by the Competitive State Research Funding of the
Expert Responsibility Area of Tampere University Hospital (9U028, 9V028, 9X024, 9AA039), and by
the Sigrid Jusélius Foundation, Finland (SAT113).

Institutional Review Board Statement: This study was performed according to the Helsinki Decla-
ration and approved by the institutional review board of the Pirkanmaa Hospital District, Finland
(R02098). All patients have approved attendance by providing written consent.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Acknowledgments: We thank Tuula Taskinen for excellent technical assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Roberts, S.E.; Morrison-Rees, S.; John, A.; Williams, J.G.; Brown, T.H.; Samuel, D.G. The incidence and aetiology of acute

pancreatitis across Europe. Pancreatology 2017, 17, 155–165. [CrossRef] [PubMed]
2. Frey, C.F.; Zhou, H.; Harvey, D.J.; White, R.H. The incidence and case-fatality rates of acute biliary, alcoholic, and idiopathic

pancreatitis in California, 1994–2001. Pancreas 2006, 33, 336–344. [CrossRef] [PubMed]

http://doi.org/10.1016/j.pan.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/28159463
http://doi.org/10.1097/01.mpa.0000236727.16370.99
http://www.ncbi.nlm.nih.gov/pubmed/17079936


Int. J. Mol. Sci. 2022, 23, 15726 7 of 8

3. Gullo, L.; Migliori, M.; Oláh, A.; Farkas, G.; Levy, P.; Arvanitakis, C.; Lankisch, P.; Beger, H. Acute pancreatitis in five European
countries: Etiology and mortality. Pancreas 2002, 24, 223–227. [CrossRef]

4. Yadav, D.; Lowenfels, A.B. Trends in the epidemiology of the first attack of acute pancreatitis: A systematic review. Pancreas 2006,
33, 323–330. [CrossRef] [PubMed]

5. Jaakkola, M.; Nordback, I. Pancreatitis in Finland between 1970 and 1989. Gut 1993, 34, 1255–1260. [CrossRef] [PubMed]
6. Räty, S.; Sand, J.; Alho, H.; Nordback, I. Alcoholic, But Not Biliary, Pancreatitis Varies Seasonally in Occurrence. Scand. J.

Gastroenterol. 2003, 38, 794–797. [PubMed]
7. Sadr Azodi, O.; Orsini, N.; Andrén-Sandberg, Å.; Wolk, A. Effect of type of alcoholic beverage in causing acute pancreatitis. Br. J.

Surg. 2011, 98, 1609–1616. [CrossRef] [PubMed]
8. Sand, J.; Lankisch, P.G.; Nordback, I. Alcohol Consumption in Patients with Acute or Chronic Pancreatitis. Pancreatology 2007, 7,

147–156. [CrossRef] [PubMed]
9. Pelli, H.; Lappalainen-Lehto, R.; Piironen, A.; Sand, J.; Nordback, I. Risk factors for recurrent acute alcohol-associated pancreatitis:

A prospective analysis. Scand. J. Gastroenterol. 2008, 43, 614–621. [CrossRef]
10. Nikkola, J.; Raty, S.; Laukkarinen, J.; Seppanen, H.; Lappalainen-Lehto, R.; Jarvinen, S.; Nordback, I.; Sand, J. Abstinence after First

Acute Alcohol-Associated Pancreatitis Protects against Recurrent Pancreatitis and Minimizes the Risk of Pancreatic Dysfunction.
Alcohol Alcohol. 2013, 48, 483–486. [CrossRef]

11. Lankisch, P.; Lowenfels, A.; Maisonneuve, P. What is the Risk of Alcoholic Pancreatitis in Heavy Drinkers? Pancreas 2002, 25,
411–417. [CrossRef] [PubMed]

12. Yadav, D.; Eigenbrodt, M.L.; Briggs, M.J.; Williams, D.K.; Wiseman, E.J. Prevalence and risk factors among male veterans in a
detoxification program. Pancreas 2007, 34, 390–398. [CrossRef] [PubMed]

13. Lindkvist, B.; Appelros, S.; Manjer, J.; Berglund, G.; Borgström, A. A prospective cohort study of smoking in acute pancreatitis.
Pancreatology 2008, 8, 63–70. [CrossRef] [PubMed]

14. Tolstrup, J.S.; Kristiansen, L.; Becker, U.; Grønbæk, M. Smoking and risk of acute and chronic pancreatitis among women and
men. Arch. Intern. Med. 2009, 169, 603–609. [CrossRef] [PubMed]

15. Sadr-Azodi, O.; Andren-Sandberg, A.; Orsini, N.; Wolk, A. Cigarette smoking, smoking cessation and acute pancreatitis: A
prospective population-based study. Gut 2012, 61, 262–267. [CrossRef]

16. Setiawan, V.; Pandol, S.; Porcel, J.; Wilkens, L.; Le Marchand, L.; Pike, M.; Monroe, K.R. Prospective Study of Alcohol Drinking,
Smoking and Pancreatitis: The Multiethnic Cohor. Pancreas 2017, 45, 819–825. [CrossRef]

17. Sadr-Azodi, O.; Orsini, N.; Andrén-Sandberg, Å.; Wolk, A. Abdominal and Total Adiposity and The Risk of Acute Pancreatitis: A
Population-Based Prospective Cohort Study. Am. J. Gastroenterol. 2013, 108, 133–139. [CrossRef]

18. Noel, R.; Braun, D.; Patterson, R.; Bloomgren, D. Increased Risk of Acute Pancreatitis and Biliary Disease Observed in Patients
with Type 2 Diabetes. Diabetes Care 2009, 32, 834–838. [CrossRef]

19. Girman, C.J.; Kou, T.D.; Cai, B.; Alexander, C.M.; Neill, E.A.O.; Katz, L. Patients with type 2 diabetes mellitus have higher risk for
acute pancreatitis compared with those without diabetes. Diabetes Obes. Metab. 2010, 12, 766–771. [CrossRef]

20. Lai, S.; Muo, C.; Liao, K.; Sung, F.; Chen, P. Risk of Acute Pancreatitis in Type 2 Diabetes and Risk Reduction on Anti-Diabetic
Drugs: A Population-Based Cohort Study in Taiwan. Am. J. Gastroenterol. 2011, 106, 1697–1704. [CrossRef]

21. Whitcomb, D.C.; LaRusch, J.; Krasinskas, A.M.; Klei, L.; Smith, J.P.; Brand, R.E.; Neoptolemos, J.P.; Lerch, M.M.; Tector, M.;
Sandhu, B.S. Common genetic variants in the CLDN2 and PRSS1-PRSS2 loci alter risk for alcohol-related and sporadic pancreatitis.
Nat. Genet. 2012, 44, 1349–1354. [CrossRef] [PubMed]

22. Whitcomb, D.C.; Frulloni, L.; Garg, P.; Greer, J.B.; Schneider, A.; Yadav, D.; Shimosegawa, T. Chronic pancreatitis: An international
draft consensus proposal for a new mechanistic definition. Pancreatology 2016, 16, 218–224. [CrossRef] [PubMed]

23. Whitcomb, D.C.; Gorry, M.C.; Preston, R.A.; Furey, W.; Sossenheimer, M.J.; Ulrich, C.D.; Martin, S.P.; Gates, L.K., Jr.; Amann,
S.T.; Toskes, P.P. Hereditary pancreatitis is caused by a mutation in the cationic trypsinogen gene. Nat. Genet. 1996, 14, 141–145.
[CrossRef] [PubMed]

24. Witt, H.; Luck, W.; Hennies, H.C.; Classen, M.; Kage, A.; Lass, U.; Landt, O.; Becker, M. Mutations in the gene encoding the serine
protease inhibitor, Kazal type 1 are associated with chronic pancreatitis. Nat. Genet. 2000, 25, 213–216. [CrossRef] [PubMed]

25. Tukiainen, E.; Kyla, M. Pancreatic Secretory Trypsin Inhibitor (SPINK1) Gene Mutations in Patients with Acute Pancreatitis.
Pancreas 2005, 30, 239–242. [CrossRef] [PubMed]

26. Räty, S.; Piironen, A.; Babu, M.; Pelli, H.; Sand, J.; Uotila, S.; Nordback, I.; Herzig, K.H. Screening for human cationic trypsinogen
(PRSS1) and trypsinogen inhibitor gene (SPINK1) mutations in a Finnish family with hereditary pancreatitis. Scand. J. Gastroenterol.
2007, 42, 1000–1005. [CrossRef]

27. van den Berg, F.F.; Kempeneers, M.A.; van Santvoort, H.C.; Zwinderman, A.H.; Issa, Y.; Boermeester, M.A. Meta-analysis and
field synopsis of genetic variants associated with the risk and severity of acute pancreatitis. BJS Open 2020, 4, 3–15. [CrossRef]

28. Koziel, D.; Gluszek, S.; Kowalik, A.; Chlopek, M.; Pieciak, L. Genetic mutations in SPINK1, CFTR, CTRC genes in acute
pancreatitis. BMC Gastroenterol. 2015, 15, 70. [CrossRef]

29. Solomon, S.; Whitcomb, D.C. Genetics of pancreatitis: An update for clinicians and genetic counselors. Curr. Gastroenterol. Rep.
2012, 14, 112–117. [CrossRef]

30. Nordback, I.; Pelli, H.; Lappalainen-Lehto, R.; Järvinen, S.; Räty, S.; Sand, J. The recurrence of acute alcohol-associated pancreatitis
can be reduced: A randomized controlled trial. Gastroenterology 2009, 136, 848–855. [CrossRef]

http://doi.org/10.1097/00006676-200204000-00003
http://doi.org/10.1097/01.mpa.0000236733.31617.52
http://www.ncbi.nlm.nih.gov/pubmed/17079934
http://doi.org/10.1136/gut.34.9.1255
http://www.ncbi.nlm.nih.gov/pubmed/8406164
http://www.ncbi.nlm.nih.gov/pubmed/12889568
http://doi.org/10.1002/bjs.7632
http://www.ncbi.nlm.nih.gov/pubmed/21811997
http://doi.org/10.1159/000104251
http://www.ncbi.nlm.nih.gov/pubmed/17592227
http://doi.org/10.1080/00365520701843027
http://doi.org/10.1093/alcalc/agt019
http://doi.org/10.1097/00006676-200211000-00015
http://www.ncbi.nlm.nih.gov/pubmed/12409838
http://doi.org/10.1097/mpa.0b013e318040b332
http://www.ncbi.nlm.nih.gov/pubmed/17446836
http://doi.org/10.1159/000114868
http://www.ncbi.nlm.nih.gov/pubmed/18235217
http://doi.org/10.1001/archinternmed.2008.601
http://www.ncbi.nlm.nih.gov/pubmed/19307524
http://doi.org/10.1136/gutjnl-2011-300566
http://doi.org/10.1097/MPA.0000000000000657
http://doi.org/10.1038/ajg.2012.381
http://doi.org/10.2337/dc08-1755
http://doi.org/10.1111/j.1463-1326.2010.01231.x
http://doi.org/10.1038/ajg.2011.155
http://doi.org/10.1038/ng.2466
http://www.ncbi.nlm.nih.gov/pubmed/23143602
http://doi.org/10.1016/j.pan.2016.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26924663
http://doi.org/10.1038/ng1096-141
http://www.ncbi.nlm.nih.gov/pubmed/8841182
http://doi.org/10.1038/76088
http://www.ncbi.nlm.nih.gov/pubmed/10835640
http://doi.org/10.1097/01.mpa.0000157479.84036.ed
http://www.ncbi.nlm.nih.gov/pubmed/15782101
http://doi.org/10.1080/00365520701206738
http://doi.org/10.1002/bjs5.50231
http://doi.org/10.1186/s12876-015-0302-6
http://doi.org/10.1007/s11894-012-0240-1
http://doi.org/10.1053/j.gastro.2008.11.044


Int. J. Mol. Sci. 2022, 23, 15726 8 of 8

31. Yadav, D.; Whitcomb, D.C. The role of alcohol and smoking in pancreatitis. Nat. Rev. Gastroenterol. Hepatol. 2010, 7, 131–145.
[CrossRef] [PubMed]

32. Lempinen, M.; Paju, A.; Kemppainen, E.; Smura, T.; Kylänpää, M.L.; Nevanlinna, H.; Stenman, J.; Stenman, U.H. Mutations N34S
and P55S of the SPINK1 gene in patients with chronic pancreatitis or pancreatic cancer and in healthy subjects: A report from
Finland. Scand. J. Gastroenterol. 2005, 40, 225–230. [CrossRef] [PubMed]

33. Liu, J.; Lu, S.Y.; Wang, Y.G.; Wei, Z.Y.; Zhang, H.X. SPINK1 Gene is Significantly Associated with Pancreatitis: A Comprehensive
Meta-Analysis. Pancreas 2017, 46, 1373–1380. [CrossRef] [PubMed]

34. Jøergensen, M.T.; Brusgaard, K.; Novovic, S.; Andersen, A.M.; Hansen, M.B.; Gerdes, A.M.; de Muckadell, O.B. Is the SPINK1
variant p.N34S overrepresented in patients with acute pancreatitis? Eur. J. Gastroenterol. Hepatol. 2012, 24, 309–315. [CrossRef]

35. Aoun, E.; Muddana, V.; Papachristou, G.I.; Whitcomb, D.C. SPINK1 N34S is strongly associated with recurrent acute pancreatitis
but is not a risk factor for the first or sentinel acute pancreatitis event. Am. J. Gastroenterol. 2010, 105, 446–451. [CrossRef]

36. Banks, P.; Bollen, T.; Dervenis, C.; Gooszen, H.; Johnson, C.; Sarr, M.; Tsiotos, G.G.; Vege, S.S.; Acute Pancreatitis Working Group.
Classification of acute pancreatitis—2012: Revision of the Atlanta classification and definitions by international consensus. Gut
2013, 62, 102–111. [CrossRef]

37. Raitakari, O.T.; Juonala, M.; Rönnemaa, T.; Keltikangas-Järvinen, L.; Räsänen, L.; Pietikäinen, M.; Hutri-Kähönen, N.; Taittonen,
L.; Jokinen, E.; Marniemi, J. Cohort profile: The cardiovascular risk in Young Finns Study. Int. J. Epidemiol. 2008, 37, 1220–1226.
[CrossRef]

38. Teich, N.; Bauer, N.; Mössner, J.; Keim, V. Mutational screening of patients with nonalcoholic chronic pancreatitis: Identification
of further trypsinogen variants. Am. J. Gastroenterol. 2002, 97, 341–346. [CrossRef]

http://doi.org/10.1038/nrgastro.2010.6
http://www.ncbi.nlm.nih.gov/pubmed/20125091
http://doi.org/10.1080/00365520510011560
http://www.ncbi.nlm.nih.gov/pubmed/15764155
http://doi.org/10.1097/MPA.0000000000000947
http://www.ncbi.nlm.nih.gov/pubmed/28984793
http://doi.org/10.1097/MEG.0b013e32834ee5e2
http://doi.org/10.1038/ajg.2009.630
http://doi.org/10.1136/gutjnl-2012-302779
http://doi.org/10.1093/ije/dym225
http://doi.org/10.1016/S0002-9270(01)04029-1

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	DNA Extraction and Purification from Blood 
	Detection of Spink1 Mutation 
	Statistical Analysis 

	Conclusions 
	References

