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ABSTRACT. Numerous studies have focused on the relationship be-
tween alcohol dehydrogenase 1C gene (ADHI1C) *1/*2 polymorphism
(Ile350Val, rs698, also known as ADHIC *1/*2) and pancreatitis risk,
but the results have been inconsistent. Thus, we conducted a meta-anal-
ysis to more precisely estimate this association. Relevant publications
were searched in several widely used databases and 9 eligible studies
were included in the meta-analysis. Pooled odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated to evaluate the strength of
the association. Significant associations between ADHIC *1/*2 poly-
morphism and pancreatitis risk were observed in both overall meta-
analysis for 12 vs 22 (OR = 1.53, 95%CI = 1.12-2.10) and 11 + 12 vs
22 (OR = 1.44, 95%CI = 1.07-1.95), and the chronic alcoholic pancre-
atitis subgroup for 12 vs 22 (OR = 1.64, 95%CI = 1.17-2.29) and 11 +
12 vs 22 (OR = 1.53, 95%CI = 1.11-2.11). Significant pancreatitis risk
variation was also detected in Caucasians for 11 + 12 vs 22 (OR = 1.45,
95%CI = 1.07-1.98). In conclusion, the ADHIC *1/*2 polymorphism
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is likely associated with pancreatitis risk, particularly chronic alcoholic
pancreatitis risk, with the *1 allele functioning as a risk factor.

Key words: Alcohol dehydrogenase 1C; Meta-analysis;
Pancreatitis risk; Polymorphism

INTRODUCTION

The alcohol dehydrogenase 1C gene (4ADH1C) encodes the class I alcohol dehydroge-
nase gamma subunit, which functions in the metabolism of various substrates, including ethanol
(Li and Zhao, 2012). A single nucleotide polymorphism (Ile350Val, rs698, also known as 4D-
HIC *1/*2) has been reported in exon 8 of the ADH1C gene, and enzymatic activity of ADH1C
was found to be higher in subjects with the *1 allele compared to in those with the *2 allele
(Bosron and Li, 1986; Crabb et al., 1993; Day et al., 1991, 1993). This polymorphism has been
studied in numerous diseases (Olshan et al., 2001; Nishimoto et al., 2004; Peters et al., 2005;
Terry et al., 2007; Visvanathan et al., 2007; Yin et al., 2007; Zhang et al., 2007; Li et al., 2008).

Pancreatitis is a complex disorder with both acute and chronic forms. Chronic pancre-
atitis is a chronic inflammatory disease that causes pancreatic fibrosis and destroys the exo-
crine and endocrine pancreas functions (Ammann et al., 1984). Acute pancreatitis is an acute
inflammatory disease initiated by pancreatic injury and leads to autodigestion (Isenmann and
Beger, 1999; Bhatia et al., 2000). In this study, we investigated the association between the
ADHIC *1/*2 polymorphism and pancreatitis risk. Several studies have focused on the rela-
tionship between the ADHIC *1/*2 polymorphism and pancreatitis risk, but the results have
been inconsistent (Day et al., 1991; Matsumoto et al., 1996; Chao et al., 1997, 2000; Frenzer et
al., 2002; Verlaan et al., 2004; Sun et al., 2005; Cichoz-Lach et al., 2006; Homann et al., 2006).
Therefore, we performed a meta-analysis including a relatively large sample size of 9 eligible
studies (753 cases and 1093 controls) to determine the relationship between the ADHIC *1/*2
polymorphism and pancreatitis risk.

MATERIAL AND METHODS
Literature search, selection, and data collection

In this study, we searched for papers published before Jun 3, 2014 using the keywords
“alcohol dehydrogenase 1C (class 1), gamma polypeptide” / “ADH1C” / “ADH3”, “pancreati-
tis”, and “polymorphism” / “polymorphisms” / “variation” / “variations” / “variant” / ’variants”
/ “genotype” / “genotypes” in PubMed, Web of Science, and OVID. The studies were further
selected for the meta-analysis based on the following selection criteria: a) full-text study written
in English; b) study providing complete case and control data regarding the relationship between
the ADHIC *1/*2 polymorphism and pancreatitis risk; c) studies sharing the same sample of
cases and controls were compared and the most complete study was included in our meta-anal-
ysis; d) studies with control group genotypes in Hardy-Weinberg equilibrium. Hardy-Weinberg
equilibrium was tested using the > test, and when y? test reported a P value of more than 0.05,
the control group genotypes were consistent with Hardy-Weinberg equilibrium.

In this study, two investigators independently collected data from each eligible paper,
including first author, year of publication, country of origin, ethnicity, pancreatitis type, and
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numbers of cases and controls. By comparing the results of the two investigators, final data
was collected.

Meta-analysis

According to the data collected from each eligible paper, we performed both the
overall meta-analysis and subgroup meta-analysis based on ethnicity and pancreatitis type to
evaluate the relationship between the ADHIC *1/*2 polymorphism and pancreatitis risk. In
the overall as well as subgroup meta-analysis, pooled odds ratios (ORs) and 95% confidence
intervals (Cls) for dominant, recessive, and codominant genetic models were calculated using
the fixed effects model or random effects model. The model chosen was based on the hetero-
geneity test. For the heterogeneity test, we performed a y2-based Q-test in this study (Lau et
al., 1997). When the Q-test reported a P value of more than 0.10, the fixed effect model was
used to calculate the pooled ORs (Mantel and Haenszel, 1959); otherwise, the random effect
model was used (DerSimonian and Laird, 1986).

Publication bias was also tested using the Begg’s funnel plot and the Egger test (Egger
etal., 1997). If the funnel plot was asymmetric and the Egger test showed a P value of less than
0.05, publication bias was considered to exist.

In this study, we used the Stata version 12.0 software (StataCorp, College Station, TX,
USA) for data analysis.

RESULTS
Studies and data included in this meta-analysis

Through searching and selection, a total of 9 eligible studies (Day et al., 1991; Mat-
sumoto et al., 1996; Chao et al., 1997, 2000; Frenzer et al., 2002; Verlaan et al., 2004; Sun et

al., 2005; Cichoz-Lach et al., 2006; Homann et al., 2006) were collected for the meta-analysis
(Figure 1).

28 articles identified through database
searching

9 duplicate articles excluded

19 articles assessed for eligibility

2 articles excluded through title/abstract screening:
not English written (N=1)
review (N=1)

17 articles assessed for eligibility

8 articles excluded through full-text screening:
not about pancreatitis risk (N=3)

with overlapped case-control data (N=3)
without complete case-control study data (N=2)

9 articles included in meta-analysis

Figure 1. Flow chart of study selection.
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All 9 studies collected were case-control studies including various ethnicities (3 stud-
ies of Asians and 6 studies of Caucasians), and pancreatitis types (2 studies of acute pancre-
atitis, and 7 studies of chronic pancreatitis). The control groups of the 9 eligible studies were
all in Hardy-Weinberg equilibrium (P > 0.05). The information from these 9 studies and the
numbers of cases and controls with different genotypes reported in each study are presented
in Table 1. The 9 eligible studies included a total of 753 cases and 1093 controls about the
relationship between the ADHIC *1/*2 polymorphism and pancreatitis risk.

Table 1. Studies and data included in this meta-analysis.

First Published Country of Ethnicity Pancreatitis Sample size Cases Controls P
author year origin type (case/control) 11/12/22 11/12/22

Day 1991 UK Caucasian Chronic 13/79 5171 25/37/17 0.634
Matsumoto 1996 Japan Asian Chronic 52/244 40/12/0 187/54/3 0.683
Chao 1997 China (Taiwan)  Asian Acute 80/100 63/16/1 88/11/1 0.342
Chao 2000 China (Taiwan)  Asian Acute 136/105 106/29/1 91/13/1 0.495
Frenzer 2002 Australia Caucasian Chronic 71/57 16/49/6 16/28/13 0.911
Verlaan 2004 Netherlands Caucasian Chronic 142/128 49/67/26 36/68/24 0.416
Sun 2005 Germany Caucasian Chronic 98/163 17/61/20 33/89/41 0.227
Cichoz-Lach 2006 Poland Caucasian Chronic 44/43 17/26/1 17/17/9 0.235
Homann 2006 Germany Caucasian Chronic 117/174 19/72/26 38/92/44 0.439

P value for Hardy-Weinberg equilibrium test in each control group.
Overall and subgroup meta-analysis results

In this study, we performed both overall meta-analysis and subgroup meta-anal-
ysis based on ethnicity and pancreatitis type. The detailed results of our meta-analysis
are shown in Table 2. The results of the overall meta-analysis indicated an association
between the ADHIC *1/*2 polymorphism and pancreatitis risk (OR = 1.53, 95%CI =
1.12-2.10 for 12 vs 22; OR = 1.44, 95%CI = 1.07-1.95 for 11 + 12 vs 22, Table 2, Figures
2 and 3). The subgroup meta-analysis based on pancreatitis type further indicated that
the ADHIC *1/*2 polymorphism was significantly associated with chronic pancreatitis
risk (OR = 1.52, 95%CI = 1.11-2.10 for 12 vs 22; OR = 1.45, 95%CI = 1.07-1.98 for
11 + 12 vs 22, see Table 2), particularly with chronic alcoholic pancreatitis (OR = 1.64,
95%CI =1.17-2.29 for 12 vs 22; OR = 1.53, 95%CI = 1.11-2.11 for 11 + 12 vs 22, Table
2, Figures 4 and 5), while no significant association was detected in the acute pancreatitis
subgroup except for 11 vs 12 + 22 (OR = 0.53, 95%CI = 0.31-0.89, Table 2). In stratified
meta-analysis based on ethnicity, a significant association between the ADHIC *1/*2
polymorphism and pancreatitis risk was observed in Caucasians for 11 + 12 vs 22 (OR
= 1.45, 95%CI = 1.07-1.98, Table 2), while no clear association was observed in Asians
(Table 2). In summary, according to the results of our meta-analysis, the ADHIC *1/*2
polymorphism is likely associated with pancreatitis risk, particularly chronic alcoholic
pancreatitis risk, with the *1 allele functioning as a risk factor.

Publication bias test results
The results of Begg’s funnel plot (Figure 6) and the Egger test revealed no publication

bias for 11 vs 22 (P =0.171), for 12 vs 22 (P = 0.116), for 11 + 12 vs 22 (P =0.171), and for
11 vs 12 + 22 (P = 0.629) in the overall meta-analysis.
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Study %
D OR (95% C)) Weight
Day (1991) 3.22(0.37,28.24) 187
Matsumoto (1996) 1.61(0.08,33.11) 120
Chao (1997) 1.45(0.08, 25.81) 119
Chao (2000) 223(0.13,38.49) 092
Frenzer (2002) 3.79(1.30, 11.09) 548
Verlaan (2004) 0.91(0.48, 1.74) 2002
Sun (2005) 1.41(0.75,263) 2641
Cichoz-Lach (2006) ——————+————— 1376(1.60, 118.70) 1.00
Homann (2006) 1.32(0.75,2.35) 3200
Overall (squared = 20.3%, p = 0.262) 1.53(1.12,2.10) 100.00
T T . T
00842 1 119

Figure 2. Forest plot for 12 vs 22 of the overall meta-analysis using fixed-effect model. OR = odds ratio; CI =
confidence interval.

Study %
D OR (95% C) Weight
Day (1991) ——r—v— 3.20(0.40, 27.12) 1.90
Matsumoto (1996) 1.52(0.08,29.91) 114
Chao (1997) _— 0.80 (0.05, 12.96) 155
Chao (2000) - 1.30(0.08, 21.00) 122
Frenzer (2002) —.—a— 3.20(1.13,9.06) 581
Verlaan (2004) —_— 1.03(0.56, 1.90) 2822
Sun (2005) - 1.31(0.72, 2.40) 2634
Cichoz-Lach (2006) | 11.38 (1.37,94.30) 110
Homann (2006) - 1.18 (0.68, 2.06) 3273
Overall (squared = 5.1%, p = 0.393) <> 1.44(1.07,1.95) 100.00
T T ; T
0106 1 943

Figure 3. Forest plot for 11 + 12 vs 22 of the overall meta-analysis using fixed-effect model. OR = odds ratio; CI
= confidence interval.

Study %
D OR (95% Cl) Weight
Day (1991) —ﬂj—'— 322(0.37,28.24) 216
Matsumoto (1996) v: 1.61(0.08,33.11) 139
Frenzer (2002) —;—4— 3.79(1.30, 11.09) 6.34
Verlaan (2004) —ﬂ—‘i— 1.06(0.48,2.34) 2137
=
Sun (2005) E = 1.41(0.75,263) 30.55
Cichoz-Lach (2006) ’ ;—OH 13.76 (1.60, 118.70) 1.16
Homann (2006) —o‘— 1.32(0.75,2.35) 37.02
Overall (I-squared = 28.5%, p = 0.211) 0 1.64(1.17,229) 100.00
T b T
00842 1 119

Figure 4. Forest plot for 12 vs 22 of the chronic alcoholic pancreatitis subgroup using fixed-effect model. OR =
odds ratio; CI = confidence interval.
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Study %
D OR (95% Cl) Weight
Day (1991) ——%—0— 3.29(0.40,27.12) 219

I
Matsumoto (1996) + 1.52(0.08,29.91) 1.31
Frenzer (2002) —.—o— 3.20 (1.13,9.06) 669
Verlaan (2004) — 1.15(0.54, 2.44) 2057

=

Sun (2005) . 1.31(0.72,2.40) 30.31

:
Cichoz-Lach (2006) ‘ ; 11.38 (1.37, 94.30) 127
Homann (2006) = 1.18 (0.68, 2.06) 37.66
Overall (--squared = 20.3%, p = 0.274) <> 153(1.11,2.11) 100.00

T T
0106 943

Figure 5. Forest plot for 11 + 12 vs 22 of the chronic alcoholic pancreatitis subgroup using fixed-effect model. OR
= odds ratio; CI = confidence interval.

A Begg's funnel ot with pseudo 95% confidence imits B Begg's funnel plot with pseudo 96% carfidence lmits
4 4
2 " . //
; g " g o
o ; - E
2 2
4 4
T ] ) T s
E J - logor ! a2 e of:kgar
Begg's funnel ot with pseudo $5% confidence imits Beggs funnel ot wt peudo 95% corfidence imis
s
1
2
o
3
2® H

g 2 s.e of: logar ) 1 [ % s.e of logor 3 5

Figure 6. Begg’s funnel plots for the ADH1C *1/*2 polymorphism and pancreatitis risk (A: 11 vs 22, B: 12 vs 22,
C: 11+12 vs 22, D: 11 vs 12+22). logor = logarithm of odds ratios; s.e. = standard error.

DISCUSSION

The results of our overall meta-analysis and subgroup meta-analysis based on pancre-
atitis type suggest that the ADHIC *1/*2 polymorphism is likely associated with pancreatitis
risk, particularly chronic alcoholic pancreatitis risk, with the *1 allele functioning as a risk fac-
tor. This conclusion is supported by the reported potential biological function of the ADHIC
*1/*2 polymorphism, which was found to influence enzyme activity (Bosron and Li, 1987).
Because the enzyme encoded by ADHIC *1/*1 showed higher activity and produced larger
amounts of acetaldehyde, toxicity can occur and stable DNA adducts can be generated (Bosron
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and Li, 1987; Helander and Lindahl-Kiessling, 1991). Thus, the ADHIC *1/*2 polymorphism
may influence chronic alcoholic pancreatitis risk by affecting the enzyme activity of ADHI1C.
In addition, there may be combined effects of this polymorphism and other genetic and environ-
mental factors. Further studies examining the detailed molecular mechanism are required.

In the acute pancreatitis subgroup, no significant association was detected, except for 11
vs 12+22 (OR =0.53, 95%CI = 0.31-0.89); however, this result may not be reliable because of the
limited amount of data available for this subgroup. Future studies including larger sample sizes are
necessary to determine the role of the ADHIC *1/*2 polymorphism in acute pancreatitis.

In stratified meta-analysis based on ethnicity, a significant association between the
ADHIC *1/*2 polymorphism and pancreatitis risk was detected in Caucasians, while no clear
association was observed in Asians. However, insufficient data was available for each sub-
group (Asian subgroup in particular), and the exact roles of the ADHIC *1/*2 polymorphism
in different ethnicities require further analysis.

In addition, the results of our meta-analysis should be considered with caution be-
cause there were several limitations to this study. One limitation was the insufficient sample
size used in our meta-analysis, particularly in the subgroup analysis based on ethnicity and
pancreatitis type. A second limitation was the lack of case-control data adjustment according
to detailed individual information such as age, gender, and lifestyle in our meta-analysis. The
third limitation was that the exact molecular basis of the association between the ADHIC
*1/*2 polymorphism and pancreatitis risk remains unclear and requires further investigation.
Henc3e, in order to overcome these limitations, further analysis including a larger sample size
and adjusted individual data is required, and further experimental studies on the molecular
mechanism should be performed.

In conclusion, based on our meta-analysis that included a total of 9 eligible studies (753
cases and 1093 controls), the ADHIC *1/*2 polymorphism is likely associated with pancreatitis
risk, particularly chronic alcoholic pancreatitis risk, and the *1 allele functions as a risk factor. Al-
though there were some limitations to this study, our meta-analysis provides valuable information
for studying the relationship between the ADHIC *1/*2 polymorphism and pancreatitis risk.

ACKNOWLEDGMENTS

Research supported by grants from the Key Medical Subjects of Jiangsu Province
(grant #XK201120); the Innovative Team of Jiangsu Province (grant #L.J201114); the Spe-
cial Clinical Medical Science and Technology of Jiangsu Province (grant #BL2012050,
#BL2013014); the Key Laboratory of Suzhou (grant #SZS201108, #SZS201307); and the Na-
tional Natural Science Foundation (grant #81100371, #81370627, #81300423, #81272143).

REFERENCES

Ammann RW, Akovbiantz A, Largiader F, and Schueler G (1984). Course and outcome of chronic pancreatitis.
Longitudinal study of a mixed medical-surgical series of 245 patients. Gastroenterology 86: 820-828.

Bhatia M, Brady M, Shokuhi S, Christmas S, et al. (2000). Inflammatory mediators in acute pancreatitis. J. Pathol. 190:
117-125.

Bosron WF and Li TK (1986). Genetic polymorphism of human liver alcohol and aldehyde dehydrogenases, and their
relationship to alcohol metabolism and alcoholism. Hepatology 6: 502-510.

Bosron WF and Li TK (1987). Catalytic properties of human liver alcohol dehydrogenase isoenzymes. Enzyme 37: 19-28.

Chao YC, Young TH, Tang HS and Hsu CT (1997). Alcoholism and alcoholic organ damage and genetic polymorphisms
of alcohol metabolizing enzymes in Chinese patients. Hepatology 25: 112-117.

Genetics and Molecular Research 14 (4): 15267-15275 (2015) ©FUNPEC-RP www.funpecrp.com.br



ADHIC polymorphism and pancreatitis risk 15275

Chao YC, Wang LS, Hsieh TY, Chu CW, et al. (2000). Chinese alcoholic patients with esophageal cancer are genetically
different from alcoholics with acute pancreatitis and liver cirrhosis. Am. J. Gastroenterol. 95: 2958-2964.

Cichoz-Lach H, Partycka J, Nesina I, Celinski K, et al. (2006). Genetic polymorphism of alcohol dehydrogenase 3 in
alcohol liver cirrhosis and in alcohol chronic pancreatitis. Alcohol Alcohol. 41: 14-17.

Crabb DW, Dipple KM and Thomasson HR (1993). Alcohol sensitivity, alcohol metabolism, risk of alcoholism, and the
role of alcohol and aldehyde dehydrogenase genotypes. J. Lab. Clin. Med. 122: 234-240.

Day CP, Bashir R, James OF, Bassendine MF, et al. (1991). Investigation of the role of polymorphisms at the alcohol
and aldehyde dehydrogenase loci in genetic predisposition to alcohol-related end-organ damage. Hepatology 14:
798-801.

Day CP, James OF, Bassendine MF, Crabb DW, et al. (1993). Alcohol dehydrogenase polymorphisms and predisposition
to alcoholic cirrhosis. Hepatology 18: 230-232.

DerSimonian R and Laird N (1986). Meta-analysis in clinical trials. Control Clin. Trials 7: 177-188.

Egger M, Davey Smith G, Schneider M and Minder C (1997). Bias in meta-analysis detected by a simple, graphical test.
BMJ 315: 629-634.

Frenzer A, Butler WJ, Norton ID, Wilson JS, et al. (2002). Polymorphism in alcohol-metabolizing enzymes, glutathione
S-transferases and apolipoprotein E and susceptibility to alcohol-induced cirrhosis and chronic pancreatitis. J.
Gastroenterol. Hepatol. 17: 177-182.

Helander A and Lindahl-Kiessling K (1991). Increased frequency of acetaldehyde-induced sister-chromatid exchanges in
human lymphocytes treated with an aldehyde dehydrogenase inhibitor. Mutat. Res. 264: 103-107.

Homann N, Stickel F, Konig IR, Jacobs A, et al. (2006). Alcohol dehydrogenase 1C*1 allele is a genetic marker for
alcohol-associated cancer in heavy drinkers. /nt. J. Cancer 118: 1998-2002.

Isenmann R and Beger HG (1999). Natural history of acute pancreatitis and the role of infection. Baillieres Best Pract.
Res. Clin. Gastroenterol. 13: 291-301.

Lau J, lIoannidis JP and Schmid CH (1997). Quantitative synthesis in systematic reviews. Ann. Intern. Med. 127: 820-826.

Li D, Zhao H and Gelernter J (2012). Further clarification of the contribution of the ADHIC gene to vulnerability of
alcoholism and selected liver diseases. Hum. Genet. 131: 1361-1374.

Li DP, Dandara C, Walther G and Parker MI (2008). Genetic polymorphisms of alcohol metabolising enzymes: their role
in susceptibility to oesophageal cancer. Clin. Chem. Lab. Med. 46: 323-328.

Mantel N and Haenszel W (1959). Statistical aspects of the analysis of data from retrospective studies of disease. J. Natl.
Cancer Inst. 22: 719-748.

Matsumoto M, Takahashi H, Maruyama K, Higuchi S, et al. (1996). Genotypes of alcohol-metabolizing enzymes and the
risk for alcoholic chronic pancreatitis in Japanese alcoholics. Alcohol. Clin. Exp. Res. 20: 289A-292A.

Nishimoto IN, Pinheiro NA, Rogatto SR, Carvalho AL, et al. (2004). Alcohol dehydrogenase 3 genotype as a risk factor
for upper aerodigestive tract cancers. Arch. Otolaryngol. Head Neck Surg. 130: 78-82.

Olshan AF, Weissler MC, Watson MA and Bell DA (2001). Risk of head and neck cancer and the alcohol dehydrogenase
3 genotype. Carcinogenesis 22: 57-61.

Peters ES, McClean MD, Liu M, Eisen EA, et al. (2005). The ADH1C polymorphism modifies the risk of squamous cell
carcinoma of the head and neck associated with alcohol and tobacco use. Cancer Epidemiol. Biomarkers Prev. 14:
476-482.

Sun L, Ko6nig IR, Jacobs A, Seitz HK, et al. (2005). Mean corpuscular volume and ADH1C genotype in white patients with
alcohol-associated diseases. Alcohol. Clin. Exp. Res. 29: 788-793.

Terry MB, Gammon MD, Zhang FF, Vaughan TL, et al. (2007). Alcohol dehydrogenase 3 and risk of esophageal and
gastric adenocarcinomas. Cancer Causes Control 18: 1039-1046.

Verlaan M, Te Morsche RH, Roelofs HM, Laheij RJ, et al. (2004). Genetic polymorphisms in alcohol-metabolizing
enzymes and chronic pancreatitis. Alcohol Alcohol. 39: 20-24.

Visvanathan K, Crum RM, Strickland PT, You X, et al. (2007). Alcohol dehydrogenase genetic polymorphisms, low-to-
moderate alcohol consumption, and risk of breast cancer. Alcohol. Clin. Exp. Res. 31: 467-476.

Yin G, Kono S, Toyomura K, Moore MA, et al. (2007). Alcohol dehydrogenase and aldehyde dehydrogenase
polymorphisms and colorectal cancer: the Fukuoka Colorectal Cancer Study. Cancer Sci. 98: 1248-1253.

Zhang FF, Hou L, Terry MB, Lissowska J, et al. (2007). Genetic polymorphisms in alcohol metabolism, alcohol intake and
the risk of stomach cancer in Warsaw, Poland. Int. J. Cancer 121: 2060-2064.

Genetics and Molecular Research 14 (4): 15267-15275 (2015) ©FUNPEC-RP www.funpecrp.com.br



