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ABSTRACT

Acute and chronic gastrointestinal problems are common in the setting of excessive alcohol use, and excessive alcohol use
is associated with injury to all parts of the gastrointestinal tract. There is mounting evidence of gastrointestinal injury and
increased cancer risk even from moderate alcohol consumption. The major causes of alcohol-related morbidity and mor-
tality within the gastrointestinal system are liver disease, pancreatitis and gastrointestinal cancer. Other alcohol-related
intestinal dysfunction is common but not life-threatening, leading to diarrhoea, malabsorption and nutritional deficien-
cies. This review describes non-neoplastic and neoplastic alcohol-related disorders of the gastrointestinal tract, omitting

the liver, which has been reviewed elsewhere.
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INTRODUCTION

Excessive alcohol use is associated with injury to all parts of
the gastrointestinal (GI) tract, and several detailed reviews
have been published [1,2]. The major causes of
alcohol-related morbidity and mortality within the GI sys-
tem are liver disease, pancreatitis and GI cancer. Other
alcohol-related intestinal dysfunction is common, but not
life-threatening, leading to diarrhoea, malabsorption and
nutritional deficiencies. The relative risk of alcohol-related
GI toxicity appears to differ between affected tissues and be-
tween benign and neoplastic disorders. Similarly, the pat-
tern and type of beverage have not been consistently
shown to predispose to any specific GI effects of alcohol.
This narrative review describes these disorders site by site,
omitting the liver, which has been reviewed elsewhere
[3.4].

NON-NEOPLASTIC DISEASE

Parotid glands and oral cavity

Painless symmetrical enlargement of the salivary glands
(termed sialosis or sialadenosis) has been associated with
alcohol-related liver cirrhosis and is characterized by the
triad of acinar cell hypertrophy, myoepithelial degeneration
and neural degeneration [5]. Abelson et al. [6] found that
61% of patients with alcohol-related cirrhosis had sialosis.
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More recently, the contribution of alcohol to sialosis has
been questioned, and nutritional deficiencies in the setting
of liver disease are now thought to contribute to this condi-
tion. Guggenheimer et al. [7] identified sialosis in 9.3% of
patients with cirrhosis on a transplant waiting-list, but
only 39.3% of those had alcohol-related liver disease. The
effect of alcohol use on salivary function in humans is con-
troversial, with reports of increased, unaltered [8] and de-
creased salivary flow [5].

Oesophagus

Both acute and chronic alcohol consumption are associ-
ated with symptomatic gastroesophageal reflux disease
(GORD). Reflux episodes were increased by 60 g of ethanol
given with a meal to healthy subjects without alcohol de-
pendence [9]. Upper GI symptoms are a classic accompani-
ment of hangover [10]. A recent meta-analysis of
observational studies [11] showed increased risk of symp-
tomatic GORD comparing alcohol drinkers versus
non-drinkers with an odds ratio (OR) = 1.48, 95% confi-
dence interval (CI) = 1.31-1.67, with a linear dose—
response association. A number of mechanisms have been
identified that may contribute to these effects of alcohol. Di-
rect application of 40% ethanol, but not lower concentra-
tions, causes injury to the oesophageal mucosa [12]. An
acute dose of alcohol reduces lower oesophageal sphincter
pressure (LOSP) [13] and maximal LOSP stimulated by a
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meal [14]. Alcohol inhibits gastric and gallbladder empty-
ing with greater effect related to increased alcohol concen-
tration [15]. Chronic excessive alcohol use is associated
with manometric abnormalities of increased LOSP [8]
and increased oesophageal contraction amplitude, which
suggests a compensatory mechanism in response to
chronic alcohol exposure [16].

Upper GI bleeding (UGIB) is more frequent in patients
with alcohol use disorder, especially those with liver cirrho-
sis. In a 2007 UK audit of 6750 patients with acute UGIB,
9% had known cirrhosis and 26% a history of alcohol ex-
cess [17]. A common alcohol-related cause for
non-variceal UGIB is Mallory—Weiss syndrome. This condi-
tion is characterized by massive bleeding caused by tears in
the mucosa at the cardio—oesophageal junction after
vomiting. In one series, almost 50% of patients with
Mallory—Weiss syndrome were associated with repeated
retching and vomiting following excessive acute alcohol
consumption [18].

Stomach
Alcohol-related gastritis and gastropathy

The term ‘alcoholic gastritis’ is non-specific, and used to de-
scribe a broad range of symptoms experienced by individ-
uals who drink excessive alcohol. Despite extensive
research there is limited evidence to support alcohol as a
cause of gastritis. The term ‘gastritis’ is used to denote in-
flammation associated with mucosal injury. Epithelial cell
damage and regeneration without associated inflamma-
tion are referred to as ‘gastropathy’ [19]. It is often difficult
to establish with certainty that a particular agent, such as
alcohol, has caused gastritis. In high concentrations, alco-
hol (80% volume/volume) has been shown to induce apo-
ptosis in cells of the gastric mucosa in rats [20]. Lower
alcohol concentrations that may be achieved during acute
intoxication (1.0-4.0% volume/volume) have been shown
to enhance neutrophil-mediated gastric endothelial cell in-
jury in an in-vitro model [21]. Subepithelial haemorrhages
of the gastric mucosa have been observed in chronic heavy
drinkers but prominent inflammatory cells, which would be
consistent with gastritis, were not identified [22]. Two sep-
arate prospective cohort studies found no link between al-
cohol consumption and Helicobacter pylori(H.pylori)
negative gastritis in patients undergoing elective gastros-
copy [23,24]. Moreover, there is no link between alcohol
consumption and development of chronic atrophic gastritis
(CAG) [25], and there has been evidence to suggest that
moderate quantities of alcohol actually decrease the risk
of CAG [26]. The reason for the reduced risk of CAG in alco-
hol drinkers is unclear, but it has been proposed that that it
could be due to decreased risk of H. pylori infection. H. pylori
is a common cause of CAG, but it has been observed that
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risk of infection is reduced with regular alcohol consump-
tion [27,28].

Peptic ulcer disease

Despite multiple studies alcohol has not been identified as
a risk factor for peptic ulcer disease (PUD) [29-31]. There
are conflicting data on the role of alcohol and risk of pep-
tic ulcer bleeding. A large population study in Denmark
(n = 26518) showed moderate and heavy alcohol con-
sumption to be associated with increased risk of ulcer
bleeding [32], whereas smaller retrospective studies iden-
tified no such association [33,34].

Alcohol-related pancreatitis

Approximately 10% of patients with chronic alcohol use
disorder develop attacks of clinical acute pancreatitis. Con-
versely, alcohol is responsible for approximately 30% of
cases of acute pancreatitis in the United States [35]. In a
large cohort study from the United States, alcohol was esti-
mated to account for half the cases of chronic pancreatitis
and the incidence has increased in the past 20 years [36],
with a similar trend seen in Europe [37].

Definitions

The term ‘acute pancreatitis’ refers to an acute inflamma-
tory process of the pancreas, with variable involvement of
other regional tissues or remote organ systems. Chronic
pancreatitis is characterized by chronic inflammation,
glandular atrophy and fibrosis. Clinically, it manifests with
pain and/or exocrine or endocrine insufficiency. The re-
vised Atlanta classification of acute pancreatitis identified
two phases of the disease: early, which can last for approx-
imately 1 week, and a late phase that can run for weeks to
months. Severity is classified as mild, moderate or severe
(Table 1). Local complications of acute pancreatitis are
peripancreatic fluid collections, pseudocyst, acute necrotic
collection and walled-off necrosis (sterile or infected). The

Table 1 Revised Atlanta classification for acute pancreatitis
severity.

Severity Criteria

Mild No organ failure
No local complications (e.g. pancreatic necrosis,
peripancreatic necrosis, peripancreatic fluid collection,
splenic and portal vein thrombosis)
No systemic complications
Typically resolves in first week

Moderate Transient organ failure < 48 hours and/or
Local or systemic® complications

Severe Persistent organ failure > 48 hours

“Systemic complications refers to exacerbation of pre-existing comorbidity
precipitated by acute pancreatitis [38].
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risk of death remains high in severe acute pancreatitis,
with mortality rates of 36-50% reported [38].

Aetiology

The most common causes of acute pancreatitis in Western
societies are gallstones and heavy alcohol use, which to-
gether account for approximately 75% of cases. Yadav
et al. [36] found that while alcohol was the most common
aetiology in men (59%), it was a less common aetiology in
women (28%). Nonetheless, only a minority of heavy
drinkers develop clinically evident pancreatic disease.

The association between alcohol and pancreatitis ap-
pears to be dose-related. Pancreatitis typically occurs in
subjects who have consumed greater than 100 g alcohol
per day for at least 5-10 years and rarely, if ever, follows
an isolated large alcohol binge [39,40]. Once the disease
is established, episodic heavy drinking often precipitates re-
lapse. Relapses have been described after only 1 day of re-
current drinking. Many patients with acute alcoholic
pancreatitis progress to chronic pancreatitis, with contin-
ued alcohol excess being a key prognostic factor [41].

Other than gallstones, relatively common causes for
pancreatitis include hypercalcaemia of any cause and se-
vere hypertriglyceridaemia [42], while in most series ap-
proximately 10% of cases are idiopathic.

Predisposing factors

Numerous investigators have attempted to account for this
individual susceptibility by studying associations between
alcoholic pancreatitis and potential risk factors. These
studies have been previously reviewed and have focused
on the amount, type and pattern of alcohol consumption,
genetic markers, diet, hypertriglyceridaemia, tobacco con-
sumption and pancreatic ischaemia. There is insufficient
evidence to consider that any of the above factors are well
established [43].

Two important genetic mutations are linked to acute
and chronic pancreatitis, but not the alcoholic form. Muta-
tions in the serine protease 1 gene (PRSS1), which encodes
cationic trypsinogen and results in an autosomal domi-
nantly inherited form of hereditary pancreatitis and muta-
tions in the cystic fibrosis gene (CFTR) which are
associated with an autosomal recessive form of pancreatitis
[44]. Other mutations such as in chymotrypsin C (CTRC)
have been identified as risk factors for non-alcoholic
chronic pancreatitis alone [45]. In alcoholic pancreatitis,
a mutation of the gene coding for pancreatic secretory
trypsin inhibitor (SPINK1) has been described in 5.8% of
patients compared with 1% of alcoholic controls [46]. Mul-
tiple single nucleotide polymorphisms have recently been
identified in genes, including PRSS1, that are associated
with acute and chronic alcohol related pancreatitis
[47,48]. These studies support the concept that genetic
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factors influence susceptibility to alcohol-related pancreati-
tis, but given the small proportion of subjects that carry
these mutations, other unidentified factors contribute to
this disease.

Pathogenesis

Two important factors leading to tissue injury in pancrea-
titis are autodigestion and oxidant stress secondary to the
inflammatory response. Several lines of evidence indicate
that activated digestive enzymes play an important role in
pancreatitis [49]. The inflammatory response triggered by
autodigestion leads to production of reactive oxygen spe-
cies, or free radicals. Free radicals are highly reactive and
bind to lipids, proteins and nucleic acids, leading to cellular
injury [50].

Several mechanisms have been proposed to explain
why alcohol-related pancreatitis occurs only after many
years of alcohol abuse. These include the role of progressive
pancreatic fibrosis related to activation of pancreatic stel-
late cells by acetaldehyde and oxidative stress [51] and
the potential for bacterial endotoxin to precipitate pancre-
atitis in the alcohol-exposed gland [52,53].

Diagnosis

Diagnosis of pancreatitis can be made if at least two of the
following three criteria are met: an attack of severe abdom-
inal pain and tenderness; serum amylase; and/or lipase
more than three times the upper limit of normal or imaging
studies, suggestive of inflammation in and around the pan-
creas [38]. Gallstones should be excluded by ultrasound ex-
amination, as this is the most common cause of
pancreatitis other than alcohol [54].

Treatment

Despite improvements in treatment, approximately 20% of
patients with acute pancreatitis have a severe course and
10-30% of these will die [55]. Treatment in an intensive
care unit is generally required for severe cases, particularly
those associated with respiratory or renal failure.

Initially, patients are treated with bed rest, analgesics,
intravenous fluids and fasting. Despite evidence from ran-
domized controlled trials there remains uncertainty
concerning the type of analgesia and method of adminis-
tration. All patients with acute pancreatitis require some
form of analgesia, and there is no evidence to withhold opi-
oids. Intravenous opiates may be required in cases of severe
pain, and patient-controlled analgesia should be consid-
ered [56].

Early feeding (<48 hours) is probably beneficial, with a
systematic review comparing delayed versus early feeding
showing reduced length of hospital admission in mild and
moderate cases [57]. In moderate to severe cases, delayed
feeding is associated with higher rates of infected
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peripancreatic necrosis, multiple organ failure and necro-
tizing pancreatitis [58,59]. Patients who cannot tolerate
an oral diet may require enteral feeding for nutritional sup-
port, which is preferred over total parenteral nutrition
(TPN) due to increased risk of infection and death [60,61].

Infection secondary to acute pancreatitis is common
and can occur in up to 20% of patients. Despite the risk
of infection, prophylactic antibiotics are not recommended
regardless of the type or disease severity but should be
started promptly in the setting of suspected or established
infection [62].

Given the role of oxidative stress in the pathogenesis of
theses diseases a number of anti-oxidant therapies have
been evaluated for both acute and chronic pancreatitis
with encouraging results from early small trials. However,
a well-conducted trial in acute pancreatitis found no bene-
fit [63]. Peritoneal lavage might improve the outcome by
removing toxic inflammatory products from the perito-
neum, but the results of controlled studies have been con-
flicting [64,65].

Surgery is not commonly required, the main indica-
tion being necrotizing pancreatitis. Observational data
support delaying surgical debridement of necrotic tissue
for at 3—4 weeks if possible while the patient’s medical
condition is optimized [66]. Pancreatic abscess carries a
very high mortality and is an absolute indication for
drainage by open surgery or percutaneous techniques
[67]. Small pseudocysts may resolve spontaneously, but
large or symptomatic ones usually require drainage via
endoscopic, percutaneous or operative techniques [68].

Chronic pancreatitis

Recurrent episodes of acute pancreatitis, clinical or sub-
clinical, may lead to chronic pancreatitis. Chronic excessive
consumption of alcohol is the most common cause and ac-
counts for approximately 50% of cases in western societies
[42]. Interestingly, idiopathic pancreatitis is the most com-
mon type in India (tropical pancreatitis) and China, ac-
counting for approximately 70% of all cases of chronic
pancreatitis [69].

Clinical features

The main clinical feature is usually pain, and this may
be very challenging. Like that of acute pancreatitis, the
pain of chronic pancreatitis is typically diffusely located in
the upper abdomen and may radiate to the back when se-
vere. Pain tends to increase with meals and decreases both
appetite and food consumption, often resulting in weight
loss. A minority present without pain. The other manifes-
tations are endocrine (diabetes mellitus) and exocrine fail-
ure (steatorrhoea). Weight loss is common but typically
mild, and vitamin deficiency is generally subclinical. Inves-
tigations may reveal malabsorption of fat-soluble vitamins
and osteopenia. Other complications include pseudocyst
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formation, bile duct or duodenal obstruction, pancreatic
ascites or pleural effusion, splenic vein thrombosis,
pseudoaneurysms and pancreatic cancer [42].

Treatment

Complete abstinence from alcohol is essential to minimize
progression of the disease. Reassurance that the disorder
is benign with a tendency to slowly remit may be helpful.
Non-narcotic analgesia may suffice, but opioids are often
required and should not be unreasonably withheld. A Dan-
ish randomized double-blind clinical trial of 64 patients
found that pregabalin compared with placebo resulted in
a 36% versus 24% decrease in average daily pain score af-
ter 3 weeks of treatment [70]. Coeliac plexus neurolysis or
coeliac ganglia neurolysis improves pain in approximately
60% of chronic pancreatitis patients, but symptoms often
recur and the procedure caries a significant risk of compli-
cations [71,72]. Pancreatic enzyme supplements have
been evaluated for the treatment of pain, but the evidence
is mixed [73]. A trial of 1 month is sufficient to determine
whether or not this works in practice.

There is mixed evidence concerning anti-oxidant ther-
apy in chronic pancreatitis. One study, using a combina-
tion preparation that contained selenium, beta-carotene,
vitamin C, vitamin E and l-methionine, found reduced
pain and improved quality of life [74]. No benefit was
identified in a larger double-blind randomized controlled
trial despite achieving sustained elevated serum levels of
anti-oxidants [75].

The relationship between pancreatic duct obstruction
and pain is not clear, but relief of obstruction is frequently
clinically associated with relief of pain. Endoscopic ap-
proaches to dilate pancreatic duct strictures and remove
calculi are preferred when medical management fails to
adequately control symptoms, and surgery is typically re-
served for refractory cases [76]. Two small randomized tri-
als comparing endoscopic and surgical treatment for
pancreatic duct obstruction in chronic pancreatitis showed
that surgery was associated with better long-term analge-
sia and quality of life [77,78]. An emerging treatment op-
tion for resistant cases of pain is total pancreatectomy
with islet auto-transplantation (IAT). This procedure has
shown favourable outcomes with regard to pain reduction
and enables a significant proportion of patients to remain
independent of insulin supplementation [79].

Exocrine failure is treated by dietary modification, vi-
tamin supplementation and pancreatic enzyme replace-
ment [80]. Diabetes associated with chronic pancreatitis
is known as Type 3c (pancreatogenic) diabetes mellitus.
It is treated with dietary modification, treatment of mal-
absorption and diabetes-specific therapy, with most re-
quiring insulin. Long-term surviving patients with this
form of diabetes are prone to diabetic complications and
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should be monitored accordingly [81]. Patients with sub-
stantial steatorrhoea may develop deficiency in fat-soluble
vitamins A, D, E and K. Serum levels of these vitamins
should be regularly monitored with supplementation as
appropriate [80].

Small intestine

Diarrhoea is common among those who drink alcohol ex-
cessively, both acutely and chronically. Multiple factors
contribute to this problem, including altered motility, per-
meability, blood flow and nutritional disorders. Small intes-
tinal mucosal injury can occur after acute or chronic
administration of alcohol [82]. Gut microbiome research
has shown that alcohol may lead to quantitative and qual-
itative dysbiotic changes, leading to inflammation and
hyperpermeability [83].

Ethanol inhibits absorption of actively transported
sugars, dipeptides and amino acids. Many defects in absorp-
tion have been reported in patients with alcohol use disor-
der, including water [84,85], carbohydrate, lipid, vitamins
(notably thiamine and folate) and minerals (calcium, iron,
zinc and selenium) [82].

Thiamine and/or folate deficiencies are common and
clinically relevant for patients with alcohol use disorder.
Thiamine deficiency is due to a combination of decreased
intake, decreased intestinal absorption and impaired utili-
zation by cells [86]. Thiamine deficiency can result in
Wernicke'’s encephalopathy (WE), which can progress to
irreversible Korsakoff’s syndrome if left untreated. Treat-
ment of suspected WE requires administration of repeated
high doses of parenteral thiamine. Oral thiamine is ineffec-
tive in treatment of severe deficiency due to very limited in-
testinal absorption [87]. Folate deficiency is secondary to
decreased intake, reduced intestinal absorption, impaired
hepatic storage and decreased renal tubular re-absorption
[88]. Folate deficiency can lead to macrocytic anaemia,
and may promote the progression of alcohol-related liver
disease [89,90]. Treatment is generally with oral folic acid,
but parenteral folic acid is often preferred in the setting of
severe symptomatic anaemia [91].

Colon

Portal hypertension from alcohol-related liver disease may
manifest uncommonly with haemorrhoids and rarely with
colonic varices. Colonic varices appear as filling defects on
barium enema and may occur in any part of the colon,
most commonly in the rectum [12]. Alcohol has been
shown to promote bacterial overgrowth and dysbiosis in
the colon [92] which may promote alcohol-related liver
disease secondary to increased bacterial endotoxin in the
portal circulation [93].
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Alcohol consumption has been correlated with in-
creased GI symptoms in inflammatory bowel disease. A ret-
rospective study found that documented alcohol use
resulted in increased intestinal infections, parenteral anti-
biotics, computerized tomography (CT) abdomen scans
and large intestine biopsies [94]. This study also used a
mouse model of ulcerative colitis to show that binge drink-
ing after an induced colitis flare resulted in increased
weight loss, colonic shortening, inflammation and
infection.

NEOPLASTIC DISEASE

Alcohol and GI cancer

Alcohol use is a well-recognized risk factor for neoplasms in
most parts of the GI tract, including tumours of the tongue,
mouth, pharynx, larynx, oesophagus, stomach, pancreas,
colon and liver [95,96]. The effect of alcohol on cancer risk
appears to be dose-related. A large meta-analysis of alcohol
consumption and site-specific cancer risk reported that
even relatively modest alcohol consumption of 12.5 g or
less a day, well within the guidelines for many countries,
is associated with an increased relative risk (RR) for some
gastrointestinal ~ cancers, including oropharyngeal
(RR = 1.13) and oesophageal SCC (RR = 1.26). At moder-
ate and high levels of alcohol consumption there is in-
creased risk of cancer in other regions of the
gastrointestinal tract, including pancreas, liver, colon and
stomach [97].

The pathophysiology of alcohol-associated gastrointes-
tinal malignancy is varied. Current understanding sug-
gests that alcohol and its metabolite acetaldehyde have
direct mutagenic and carcinogenic affects. Acetaldehyde
has the ability to produce aberrant methylation of DNA.
Chronic alcohol consumption induces CYP2E1, which in-
creases reactive oxygen species which, in turn, generate
aberrant DNA products. Alcohol causes hypomethylation
of DNA and has the direct effect of increasing vascular en-
dothelial growth factor and polyamines, which promote
cell growth and tumorigenesis [98]. Interestingly, racial dif-
ferences appear to affect the risk of carcinogenesis. In Asia,
a large proportion of individuals carry a mutation of acet-
aldehyde dehydrogenase (ALDH) 2, which has very low ac-
tivity leading to an accumulation of acetaldehyde after
alcohol consumption. Homozygotes of the ALDH2 muta-
tion develop severe side effects with small amounts of alco-
hol and hence reduction of their drinking protects against
alcohol-related disorders [99].

Oropharynx and oesophagus

Alcohol use is associated with an increased incidence of
oesophageal and oropharyngeal cancer, especially in
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those who also smoke. A Chinese population-based case—
control study of oesophageal cancer with 902 cases and
1552 controls showed the combined effect of heavy
smoking and drinking among men was pronounced: the
OR was 12.0 for those who smoked more than one pack
per day and drank more than 750 g of ethanol per week
[100]. Blot et al. [101] reported a 5.8-fold increased risk
of oesophageal cancer among those who drink alcohol,
a 7.4-fold increased risk among smokers and a 38-fold in-
creased risk among those who both drank and smoked. A
large meta-analysis showed an increased RR of oropha-
ryngeal cancer and oesophageal squamous cell carci-
noma (ESCC) with any consumption of alcohol, but no
association with oesophageal adenocarcinoma, even at
higher levels of consumption >50 g/day [97]. Light alco-
hol intake appears to be associated with ESCC mainly in
studies in Asia, which suggests a possible role of genetic
susceptibility factors [102].

Stomach

The association between gastric cancer and alcohol con-
sumption appears to be modest. Meta-analysis of 34557
patients provided definitive evidence of a lack of association
between moderate alcohol drinking and gastric cancer risk
[103]. There was, however, a positive association with
heavy alcohol drinking (RR = 1.14, 95% CI = 1.08-1.21)
above 50 g/day. Gastric non-cardia adenocarcinomas were
more common than gastric cardia cancers. Similar findings
were found in a meta-analysis by Bagnardi et al. [97] and in
the European Prospective Investigation into Cancer and
Nutrition (EPIC) cohort study [104]. This study also
showed beer, but not wine or spirits, to be positively associ-
ated with gastric cancer.

Colonic

Alcohol has been shown to increase risk of colorectal
cancer in moderate and heavy drinkers, but there is less
robust evidence of increased risk in light drinkers, often
defined by studies as less than 12.5 g/day. A large
meta-analysis of 27 cohort and 34 case—control studies
showed no increase in risk for light drinkers
(RR = 1.00, 95% CI = 0.95-1.05) but increased risk in
moderate drinkers (12.6-49.9 g/day) and heavy drinkers
(>50 g/day), with RR = 1.21, 95% CI = 1.13-1.28 and
RR = 1.52, 95% CI = 1.27-1.81, respectively [105].
Moskal et al. identified a modest but increased risk of co-
lon cancer even in light drinkers, with RR = 1.03, 95%
CI = 1.02-1.05 and RR = 1.15, 95% CI = 1.07-1.25
for alcohol consumption of 25 g/week and 100 g/week,
respectively [106]. The RRs for men are slightly higher
than for women, and the risk was seen to increase from
proximal colon to rectum [105].
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Pancreatic

Chronic pancreatitis is a well-recognized risk factor for pan-
creatic cancer. The role of alcohol in pancreatic cancer
pathogenesis in the absence of pancreatitis is uncertain,
but current evidence suggests a link. Within the European
Prospective Investigation into Cancer and Nutrition study a
positive association between alcohol intake, particularly
with heavy intake (>60 g/day), and pancreatic cancer in
men was established with a hazard ratio (HR) = 1.77,
95% CI = 1.06-2.95. The association did not meet statisti-
cal significance for the cohort of women [107]. This study
found that smoking did not alter the association between
alcohol and pancreatic cancer, which has previously been
considered a potential confounder [108].

KEY POINTS

* Excessive alcohol use is associated with injury to all parts
of the gastrointestinal tract, particularly the pancreas.

* Alcohol increases the risk of cancer in all regions of the
gastrointestinal tract, even at low levels of consumption.

CONCLUSION

The gastrointestinal consequences of alcohol are very com-
mon but often neglected, and there are many areas where
further research would be valuable. For example, the link
between even regular moderate alcohol use and colorectal
cancer supports international guidelines to limit alcohol
use even in the absence of an alcohol use disorder. Alco-
holic pancreatitis is a life-threatening disorder that is be-
coming more common, but the pathogenesis and genetic
factors contributing to the disease are poorly understood.
Diagnosis and research into the cause of these gastrointes-
tinal disturbances allows for better management of their
symptoms and, by linking these to the underlying alcohol
use disorder, sets the foundation for comprehensive treat-
ment and prevention of recurrences. This requires screen-
ing for alcohol use, appropriate intervention in medical
and surgical gastrointestinal clinical services and access
to specialist support where alcohol use disorders are
identified.

Declaration of interests

None.

Author Contributions

Paul Haber: Conceptualization; data curation. Nicholas
Kortt: Data curation.

References

1. Bujanda L. The effects of alcohol consumption upon the gas-
trointestinal tract. Am ] Gastroenterol 2000; 95: 3374-82.

Addiction, 116, 658-667

35UB017 SUOWIWOD 3AIEa1)) a|deatdde ay3 Aq pausenob afe sajoie YO ‘3sn Jo 3Nl 1oy Arld i auluQ AS|IM UO (SUOIIPUOD-PUe-SWIS)WO0D A | 1M ARe.q 1|pu 1 uo//:Sdny) SUOIHIPUOD pue SWwid | 3U3 39S *[9202/20/6T] Uo Akeigiauluo A1 ‘saielqi] AisleAlun eiquinio) Ad ¥TST PPe/TTTT OT/I0p/wod A8 Im Aleigipul|uo//sdny wolj pepeoumod ‘s ‘1202 ‘Sr009ET



664

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Paul S. Haber & Nicholas C. Kortt

. Franke A., Teyssen S., Singer M. V. Alcohol-related diseases

of the esophagus and stomach. Dig Dis 2005; 23: 204-13.

. Gao B., Bataller R. Alcoholic liver disease: pathogenesis and

new therapeutic targets. Gastroenterology 2011; 141:
1572-85.

. Stickel E, Datz C., Hampe J., Bataller R. Pathophysiology and

management of alcoholic liver disease: update 2016. Gut
Liver 2017; 11: 173-88.

. Proctor, G. B., Shori, D. K. The effects of ethanol on salivary

glands. In: Preedy V. R., Watson R. R., editors. Alcohol and the
Gastrointestinal Tract [internet]. CRC Press; 1996, pp. 111-22
Available  at:  https://www.taylorfrancis.com/books/e/
9781315149844 /chapters/10.4324/9781315149844-
7(accessed 9 March 2020)

. Abelson D. C., Mandel I. D., Karmiol M. Salivary studies in al-

coholic cirrhosis. Oral Surg Oral Med Oral Pathol 1976; 41:
188-92.

. Guggenheimer J., Close J. M., Eghtesad B. Sialadenosis in pa-

tients with advanced liver disease. Head Neck Pathol 2009; 3:
100-5.

. Silver L. S., Worner T. M., Korsten M. A. Esophageal function

in chronic alcoholics. Am ] Gastroenterol 1986; 81: 423-7.

. Kaufman S. E., Kaye M. D. Effect of ethanol upon gastric

emptying. Gut 1979; 20: 688-92.

Penning R., McKinney A., Verster J. C. Alcohol hangover
symptoms and their contribution to the overall hangover se-
verity. Alcohol Alcohol 2012; 47: 248-52.

Pan J., Cen L., Chen W,, Yu C,, Li Y., Shen Z. Alcohol con-
sumption and the risk of gastroesophageal reflux disease: a
systematic review and meta-analysis. Alcohol Alcohol 2019;
54: 62-9.

Salo J. A. Ethanol-induced mucosal injury in rabbit oesoph-
agus. Scandinavian Journal of Gastroenterology. 1983; 18:
713-21. https://doi.org/10.3109/00365528309182085
Hogan W. J., Viegas de Andrade S. R., Winship D. H. Ethanol-
induced acute esophageal motor dysfunction. ] Appl Physiol
1972; 32: 755-60.

Mayer E. M., Grabowski C. J., Fisher R. S. Effects of graded
doses of alcohol upon esophageal motor function. Gastroen-
terology 1978; 75: 1133-6.

Kasicka-Jonderko A., Jonderko K., Bozek M., Kaminska M.,
Mglosiek P. Potent inhibitory effect of alcoholic beverages
upon gastrointestinal passage of food and gallbladder empty-
ing. ] Gastroenterol 2013; 48: 1311-23.

Keshavarzian A., Polepalle C., Iber E. L., Durkin M. Esopha-
geal motor disorder in alcoholics: result of alcoholism or
withdrawal? Alcohol Clin Exp Res 1990; 14: 561-7.
Hearnshaw S. A., Logan R. F. A, Lowe D., Travis S. P. L.,
Murphy M. FE, Palmer K. R. Acute upper
gastrointestinal bleeding in the UK: patient characteristics,
diagnoses and outcomes in the 2007 UK audit. Gut 2011;
60: 1327-35.

KortasD. Y., Haas L. S., Simpson W. G., Nickl N. J., Gates L. K.
Mallory-Weiss tear: predisposing factors and predictors of a
complicated course. Am ] Gastroenterol 2001; 96: 2863-5.
Dixon M. E, Genta R. M., Yardley J. H., Correa P. Classifica-
tion and grading of gastritis. The updated Sydney system.
International workshop on the histopathology of gastritis,
Houston 1994. Am | Surg Pathol 1996; 20: 1161-81.

Liu E. S., Cho C. H. Relationship between ethanol-induced
gastritis and gastric ulcer formation in rats. Digestion 2000;
62:232-9.

Kvietys P. R., Twohig B., Danzell ]., Specian R. D. Ethanol-in-
duced injury to the rat gastric mucosa. Role of neutrophils

© 2020 Society for the Study of Addiction

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

and xanthine oxidase-derived radicals. Gastroenterology
1990; 98: 909-20.

Laine L., Weinstein W. M. Histology of alcoholic hemor-
rhagic ‘gastritis’: a prospective evaluation. Gastroenterology
1988; 94: 1254-62.

Nordenstedt H., Graham D. Y., Kramer J. R., Rugge M.,
Verstovsek G., Fitzgerald S., et al. Helicobacter pylori-negative
gastritis: prevalence and risk factors. Am ] Gastroenterol
2013; 108: 65-71.

Chander Roland B, Lee D, Salem A, Ibrahim S, Mori Y,
Meltzer S. Prevalence and associated risk factors of
Helicobacter pylori negative gastritis. ] Gastrointest Dig Syst
2016 [internet] [cited 2020 Mar 10];06(). Available at:
https://www.omicsonline.org/open-access/prevalence-and-
associated-risk-factors-of-helicobacter-pylori-negative-gas-
tritis-2161-069X-1000392.php?aid=68808

Adamu M. A., Weck M. N., Rothenbacher D., Brenner H. In-
cidence and risk factors for the development of chronic
atrophic gastritis: five year follow-up of a population-based
cohort study. Int ] Cancer 2011; 128: 1652-8.

Gao L., Weck M. N., Stegmaier C., Rothenbacher D., Brenner
H. Alcohol consumption and chronic atrophic gastritis:
population-based study among 9,444 older adults from
Germany. Int ] Cancer 2009; 125: 2918-22.

Murray L. J., Lane A. ., Harvey 1. M., Donovan ]. L., Nair P,
Harvey R. E Inverse relationship between alcohol
consumption and active Helicobacter pylori infection: the
Bristol Helicobacter project. Am ] Gastroenterol 2002; 97:
2750-5.

Liu S.-Y., Han X.-C., Sun J., Chen G.-X., Zhou X.-Y., Zhang
G.-X. Alcohol intake and Helicobacter pylori infection: a
dose-response meta-analysis of observational studies. Infect
Dis 2016; 48: 303-9.

Johnsen R., Forde O. H., Straume B., Burhol P. G. Aetiology of
peptic ulcer: a prospective population study in Norway. |
Epidemiol Community Health 1994; 48: 156—60.

LauJ. Y., Sung J., Hill C., Henderson C., Howden C. W., Metz
D. C. Systematic review of the epidemiology of complicated
peptic ulcer disease: incidence, recurrence, risk factors and
mortality. Digestion 2011; 84: 102-13.

Rosenstock S., Jorgensen T., Bonnevie O., Andersen L. Risk
factors for peptic ulcer disease: a population based prospec-
tive cohort study comprising 2416 Danish adults. Gut
2003; 52: 186-93.

Andersen 1. B., Jorgensen T., Bonnevie O., Grenbaek M.,
Serensen T. I. Smoking and alcohol intake as risk factors
for Dbleeding and perforated peptic ulcers: a
population-based cohort study. Epidemiology 2000; 11:
434-9.

Stack W. A., Atherton J. C., Hawkey G. M., Logan R. F. A,,
Hawkey C. J. Interactions between Helicobacter pylori and
other risk factors for peptic ulcer bleeding. Aliment Pharmacol
Ther 2002; 16: 497-506.

Weil J., Langman M. ], Wainwright P, Lawson D. H.,
Rawlins M., Logan R. E, et al. Peptic ulcer bleeding: acces-
sory risk factors and interactions with non-steroidal anti-
inflammatory drugs. Gut 2000; 46: 27-31.

Yang A. L., Vadhavkar S., Singh G., Omary M. B. Epidemiol-
ogy of alcohol-related liver and pancreatic disease in the
United States. Arch Intern Med 2008; 168: 649-56.

Yadav D., Timmons L., Benson J. T, Dierkhising R. A., Chari
S. T. Incidence, prevalence, and survival of chronic pancrea-
titis: a population-based study. Am ] Gastroenterol 2011;
106: 2192-9.

Addiction, 116, 658—-667

35UB017 SUOWIWOD 3AIEa1)) a|deatdde ay3 Aq pausenob afe sajoie YO ‘3sn Jo 3Nl 1oy Arld i auluQ AS|IM UO (SUOIIPUOD-PUe-SWIS)WO0D A | 1M ARe.q 1|pu 1 uo//:Sdny) SUOIHIPUOD pue SWwid | 3U3 39S *[9202/20/6T] Uo Akeigiauluo A1 ‘saielqi] AisleAlun eiquinio) Ad ¥TST PPe/TTTT OT/I0p/wod A8 Im Aleigipul|uo//sdny wolj pepeoumod ‘s ‘1202 ‘Sr009ET


https://www.taylorfrancis.com/books/e/9781315149844/chapters/10.4324/9781315149844-7
https://www.taylorfrancis.com/books/e/9781315149844/chapters/10.4324/9781315149844-7
https://www.taylorfrancis.com/books/e/9781315149844/chapters/10.4324/9781315149844-7
https://doi.org/10.3109/00365528309182085
https://www.omicsonline.org/open-access/prevalence-and-associated-risk-factors-of-helicobacter-pylori-negative-gastritis-2161-069X-1000392.php?aid=68808
https://www.omicsonline.org/open-access/prevalence-and-associated-risk-factors-of-helicobacter-pylori-negative-gastritis-2161-069X-1000392.php?aid=68808
https://www.omicsonline.org/open-access/prevalence-and-associated-risk-factors-of-helicobacter-pylori-negative-gastritis-2161-069X-1000392.php?aid=68808

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

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:
155-65.

Banks P. A., Bollen T. L., Dervenis C., Gooszen H. G., Johnson
C. D., Sarr M. G., et al. Classification of acute pancreatitis—
2012: revision of the Atlanta classification and definitions
by international consensus. Gut 2013; 62: 102—11.

Gupta S., Wang E,, Holly E. A., Bracci P. M. Risk of pancreatic
cancer by alcohol dose, duration, and pattern of consump-
tion, including binge drinking: a population-based study.
Cancer Causes Control 2010; 21: 1047-59.

Irving H. M., Samokhvalov A. V., Rehm J. Alcohol as a risk
factor for pancreatitis. A Systematic Review and Meta-
Analysis. ] Oncol Pract 2009; 10: 387-92.

Talamini G., Bassi C., Falconi M., Ri N. S, Ia R. S., Rigo L.,
et al. Alcohol and smoking as risk factors in chronic pancre-
atitis and pancreatic cancer. Dig Dis Sci 1999; 44: 9.
Majumder S., Chari S. T. Chronic pancreatitis. Lancet 2016;
387:1957-66.

Lankisch P. G., Apte M., Banks P. A. Acute pancreatitis. Lan-
cet 2015; 386: 85-96.

Raphael K. L., Willingham F. F. Hereditary pancreatitis:
current perspectives. Clin Exp Gastroenterol 2016; 9:
197-207.

Rosendahl J., Witt H., Szmola R., Bhatia E., Ozsvari B., Landt
0., et al. Chymotrypsin C (CTRC) variants that diminish ac-
tivity or secretion are associated with chronic pancreatitis.
Nat Genet 2008; 40: 78-82.

Witt H., Apte M. V,, Keim V., Wilson J. S. Chronic pancreati-
tis: challenges and advances in pathogenesis, genetics,
diagnosis, and therapy. Gastroenterology 2007; 132:
1557-73.

Weiss E U., Hesselbarth N., Parniczky A., Mosztbacher D.,
Lammerhirt E, Ruffert C. et al. Common variants in the
CLDN2-MORC4 and PRSS1-PRSS2  loci  confer
susceptibility to acute pancreatitis. Pancreatology 2018;
18:477-481.

Derikx M. H., Kovacs P, Scholz M., Masson E., Chen ].-M.,
Ruffert C., et al. Polymorphisms at PRSS1-PRSS2 and
CLDN2-MORC4 loci associate with alcoholic and
non-alcoholic chronic pancreatitis in a European replication
study. Gut 2015; 64: 1426-33.

Haber P. S., Pirola R. C., Wilson J. S. Clinical update: manage-
ment of acute pancreatitis. ] Gastroenterol Hepatol 1997; 12:
189-97.

. Freeman B. A., Crapo J. D. Biology of disease: free radicals

and tissue injury. Lab Invest ] Tech Methods Pathol 1982; 47:
412-26.

. Apte M. V,, Phillips P. A., Fahmy R. G., Darby S. J., Rodgers S.

C., McCaughan G. W, et al. Does alcohol directly stimulate
pancreatic fibrogenesis? Studies with rat pancreatic stellate
cells. Gastroenterology 2000; 118: 780-94.

. Vonlaufen A., Xu Z., Daniel B., Kumar R. K., Pirola R., Wil-

son J., et al. Bacterial endotoxin: a trigger factor for
alcoholic pancreatitis? Evidence from a novel, physiologically
relevant animal model. Gastroenterology 2007; 133:
1293-303.

. Bode C., Bode J. C. Activation of the innate immune

system and alcoholic liver disease: effects of ethanol per se
or enhanced intestinal translocation of bacterial toxins in-
duced by ethanol? Alcohol Clin Exp Res 2005; 29:
166S-171S.

© 2020 Society for the Study of Addiction

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Alcohol and the gut 665

Goodman A. J., Neoptolemos J. P, Carr-Locke D. L., Finlay D.
B., Fossard D. P. Detection of gall stones after acute pancrea-
titis. Gut 1985; 26: 125-32.

. McKay C. J., Imrie C. W. The continuing challenge of early

mortality in acute pancreatitis. Br ] Surg 2004; 91:
1243-4.

Stigliano S., Sternby H., de Madaria E., Capurso G., Petrov M.
S. Early management of acute pancreatitis: a review of the
best evidence. Dig Liver Dis 2017; 49: 585-94.

Vaughn V. M., Shuster D., Rogers M. A. M., Mann J., Conte
M. L., Saint S., et al. Early versus delayed feeding in patients
with acute pancreatitis: a systematic review. Ann Intern
Med 2017; 166: 883-92.

Bakker O. J., van Brunschot S., van Santvoort H. C., Besselink
M. G., Bollen T. L., Boermeester M. A., et al. Early versus
on-demand nasoenteric tube feeding in acute pancreatitis.
N Engl ] Med 2014; 371: 1983-93.

Zhao X.L.,Zhu S.F, Xue G.J., LiJ., Liu Y. L., Wan M. H. et al.
Early oral refeeding based on hunger in moderate and severe
acute pancreatitis: a prospective controlled, randomized
clinical trial. Nutrition 2015; 31: 171-5.

Petrov M. S., van Santvoort H. C., Besselink M. G. H., van
der Heijden G. ]. M. G., Windsor ]. A., Gooszen H. G. En-
teral nutrition and the risk of mortality and infectious
complications in patients with severe acute pancreatitis:
a meta-analysis of randomized trials. Arch Surg 2008;
143: 1111-7.

Li X., Ma E, Jia K. Early enteral nutrition within 24 hours or
between 24 and 72 hours for acute pancreatitis: evidence
based on 12 RCTs. Med Sci Monit 2014; 20: 2327-35.
Mourad M. M., Evans R., Kalidindi V., Navaratnam R.,
Dvorkin L., Bramhall S. R. Prophylactic antibiotics in acute
pancreatitis: endless debate. Ann R Coll Surg Engl 2017; 99:
107-12.

Siriwardena A. K., Mason J. M., Balachandra S., Bagul A.,
Galloway S., Formela L., et al. Randomised, double blind, pla-
cebo controlled trial of intravenous antioxidant (n-
acetylcysteine, selenium, vitamin C) therapy in severe acute
pancreatitis. Gut 2007; 56: 1439-44.

Li Z., Xia C., Zhang L., Zhang Y., Liu Z., Qiu E Peritoneal la-
vage for severe acute pancreatitis: a meta-analysis and
systematic review. Pancreas 2016; 45: 806—13.

Mayer A. D., McMahon M. ]., Corfield A. P, Cooper M. J.,
Williamson R. C., Dickson A. P, et al. Controlled clinical trial
of peritoneal lavage for the treatment of severe acute pancre-
atitis. N Engl ] Med 1985; 312: 399-404.

Bugiantella W., Rondelli E, Boni M., Stella P, Polistena A.,
Sanguinetti A., et al. Necrotizing pancreatitis: a review of
the interventions. Int | Surg 2016; 28: S163-S171.
Besselink M., van Santvoort H., Freeman M., Gardner T.,
Mayerle J., Vege S. S., et al. IAP/APA evidence-based guide-
lines for the management of acute pancreatitis.
Pancreatology 2013; 13: E1-E15.

Larsen M., Kozarek R. Management of pancreatic ductal
leaks and fistulae. ] Gastroenterol Hepatol 2014; 29:
1360-70.

Garg P. K., Tandon R. K. Survey on chronic pancreatitis in
the Asia-Pacific region. | Gastroenterol Hepatol 2004; 19:
998-1004.

Olesen S. S., Bouwense S. A. W., Wilder-Smith O. H. G., van
Goor H., Drewes A. M. Pregabalin reduces pain in patients
with chronic pancreatitis in a randomized, controlled trial.
Gastroenterology 2011; 141: 536-43.

Addiction, 116, 658-667

35UB017 SUOWIWOD 3AIEa1)) a|deatdde ay3 Aq pausenob afe sajoie YO ‘3sn Jo 3Nl 1oy Arld i auluQ AS|IM UO (SUOIIPUOD-PUe-SWIS)WO0D A | 1M ARe.q 1|pu 1 uo//:Sdny) SUOIHIPUOD pue SWwid | 3U3 39S *[9202/20/6T] Uo Akeigiauluo A1 ‘saielqi] AisleAlun eiquinio) Ad ¥TST PPe/TTTT OT/I0p/wod A8 Im Aleigipul|uo//sdny wolj pepeoumod ‘s ‘1202 ‘Sr009ET



666

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Paul S. Haber & Nicholas C. Kortt

Yasuda I., Wang H.-P. Endoscopic ultrasound-guided celiac
plexus block and neurolysis. Dig Endosc 2017; 29: 455-62.
Stevens T., Costanzo A., Lopez R., Kapural L., Parsi M. A.,
Vargo J. J. Adding triamcinolone to endoscopic
ultrasound-guided celiac plexus blockade does not reduce
pain in patients with chronic pancreatitis. Clin Gastroenterol
Hepatol 2012; 10: 186-91; 191.el.

Burton E, Alkaade S., Collins D., Muddana V., Slivka A.,
Brand R. E., et al. Use and perceived effectiveness of
non-analgesic medical therapies for chronic pancreatitis in
the United States. Aliment Pharmacol Ther 2011; 33:
149-59.

Kirk G. R., White J. S., McKie L., Stevenson M., Young I.,
Clements W. D. B., et al. Combined antioxidant therapy re-
duces pain and improves quality of life in chronic
pancreatitis. | Gastrointest Surg 2006; 10: 499-503.
Siriwardena A. K., Mason J. M., Sheen A. J., Makin A. J.,
Shah N. S. Antioxidant therapy does not reduce pain in pa-
tients with chronic pancreatitis. The ANTICIPATE study.
Gastroenterology 2012; 143: 655-63; el.

Adler J. M., Gardner T. B. Endoscopic therapies for chronic
pancreatitis. Dig Dis Sci 2017; 62: 1729-37.

Cahen D. L., Gouma D. J., Nio Y., Rauws E. A. ]., Boermeester
M. A., Busch O. R., et al. Endoscopic versus surgical drainage
of the pancreatic duct in chronic pancreatitis. N Engl ] Med
2007; 356: 676-84.

Dite P, Ruzicka M., Zboril V., Novotny I. A prospective,
randomized trial comparing endoscopic and surgical
therapy for chronic pancreatitis. Endoscopy 2003; 35:
553-8.

Kirchner V. A., Dunn T. B., Beilman G. J., Chinnakotla S.,
Pruett T. L., Wilhelm ]. J., et al. Total Pancreatectomy with is-
let autotransplantation for acute recurrent and chronic
pancreatitis. Curr Treat Options Gastroenterol 2017; 15:
548-61.

Ferrone M., Raimondo M., Scolapio J. S. Pancreatic enzyme
pharmacotherapy. Pharmacotherapy 2007; 27: 910-20.
Hart P A., Bellin M. D., Andersen D. K., Bradley D.,
Cruz-Monserrate 7., Forsmark C. E. et al. Type 3c
(pancreatogenic) diabetes mellitus secondary to chronic
pancreatitis and pancreatic cancer. Lancet Gastroenterol
Hepatol 2016; 1: 226-37.

Bode C., Bode J. Christian. Alcohol’s role in gastrointestinal
tract disorders. Health Res World. 1997; 21: 76-83.

Engen P. A., Green S. J., Voigt R. M., Forsyth C. B,
Keshavarzian A. The gastrointestinal microbiome: alcohol
effects on the composition of intestinal microbiota. Alcohol
Res 2015; 37: 223-36.

Krasner N., Carmichael H. A., Russell R. I., Thompson G. G.,
Cochran K. M. Alcohol and absorption from the small
intestine. 2. Effect of ethanol on ATP and ATPase activities
in guinea-pig jejunum. Gut 1976; 17: 249-51.

Krasner N., Cochran K. M., Russell R. I., Carmichael H. A.,
Thompson G. G. Alcohol and absorption from the small in-
testine. 1. Impairment of absorption from the small
intestine in alcoholics. Gut 1976; 17: 245-8.

Martin P. R., Singleton C. K., Hiller-Sturmhofel S. The role of
thiamine deficiency in alcoholic brain disease. Alcohol Res
Health 2003; 27: 134-42.

Thomson A. D. Mechanisms of vitamin deficiency in
chronic alcohol misusers and the development of the
Wernicke—Korsakoff syndrome. Alcohol Alcohol 2000; 35:
2-1.

© 2020 Society for the Study of Addiction

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Halsted C. H., Villanueva J. A., Devlin A. M., Chandler C. J.
Metabolic interactions of alcohol and folate. ] Nutr 2002;
132: 23678-23728S.

Medici V., Halsted C. H. Folate, alcohol, and liver disease. Mol
Nutr Food Res 2013; 57: 596—-606.

Halsted C. H., Villanueva J. A., Devlin A. M. Folate deficiency,
methionine metabolism, and alcoholic liver disease. Alcohol
2002; 27: 169-72.

Devalia V., Hamilton M. S., Molloy A. M. British Committee
for Standards in Haematology. Guidelines for the diagnosis
and treatment of cobalamin and folate disorders. Br |
Haematol 2014; 166: 496-513.

Mutlu E. A., Gillevet P. M., Rangwala H., Sikaroodi M., Naqvi
A., Engen P. A., et al. Colonic microbiome is altered in alco-
holism. Am | Physiol Gastrointest Liver Physiol 2012; 302:
G966-G978.

Szabo G. Gut-liver axis in alcoholic liver disease. Gastroenter-
ology 2015; 148: 30-6.

Cannon A. R., Kuprys P. V., Cobb A. N., Ding X., Kothari A.
N., Kuo P. C,, et al. Alcohol enhances symptoms and propen-
sity for infection in inflammatory bowel disease patients and
a murine model of DSS-induced colitis. J Leukoc Biol 2018;
104: 543-55.

Boffetta P, Hashibe M. Alcohol and cancer. Lancet Oncol
2006; 7: 149-56.

Connor J. Alcohol consumption as a cause of cancer. Addic-
tion 2017; 112: 222-8.

Bagnardi V., Rota M., Botteri E., Tramacere I., Islami F,
Fedirko V. et al. Alcohol consumption and site-specific cancer
risk: a comprehensive dose-response meta-analysis. Br |
Cancer 2015; 112: 580-93.

Haas S. L., Ye W., Lohr J.-M. Alcohol consumption and diges-
tive tract cancer. Curr Opin Clin Nutr Metab Care 2012; 15:
457-67.

Yokoyama A., Muramatsu T., Ohmori T, Yokoyama T.,
Okuyama K., Takahashi H., et al. Alcohol-related cancers
and aldehyde dehydrogenase-2 in Japanese alcoholics. Carci-
nogenesis 1998; 19: 1383-7.

Gao Y. T, McLaughlin J. K., Blot W. ]., Ji B. T, Benichou J., Dai
Q., et al. Risk factors for esophageal cancer in Shanghai,
China. I. Role of cigarette smoking and alcohol drinking.
Int J Cancer 1994; 58: 192—6.

Blot W. J., McLaughlin J. K., Winn D. M., Austin D. E,
Greenberg R. S., Preston-Martin S., et al. Smoking and drink-
ing in relation to oral and pharyngeal cancer. Cancer Res
1988; 48: 3282-7.

Islami E, Fedirko V., Tramacere I., Bagnardi V., Jenab M.,
Scotti L., et al. Alcohol drinking and esophageal squamous
cell carcinoma with focus on light-drinkers and never-
smokers: a systematic review and meta-analysis. Int ] Cancer
2011; 129: 2473-84.

Tramacere 1., Negri E., Pelucchi C., Bagnardi V., Rota M.,
Scotti L., et al. A meta-analysis on alcohol drinking and gas-
tric cancer risk. Ann Oncol 2012; 23: 28-36.

Duell E. J., Travier N., Lujan-Barroso L., Clavel-Chapelon E,
Boutron-Ruault M.-C., Morois S., et al. Alcohol consumption
and gastric cancer risk in the European prospective investi-
gation into cancer and nutrition (EPIC) cohort. Am ] Clin
Nutr 2011; 94: 1266-75.

Fedirko V., Tramacere I., Bagnardi V., Rota M., Scotti L.,
Islami E, et al. Alcohol drinking and colorectal cancer risk:
an overall and dose-response meta-analysis of published
studies. Ann Oncol 2011; 22: 1958-72.

Addiction, 116, 658—-667

35UB017 SUOWIWOD 3AIEa1)) a|deatdde ay3 Aq pausenob afe sajoie YO ‘3sn Jo 3Nl 1oy Arld i auluQ AS|IM UO (SUOIIPUOD-PUe-SWIS)WO0D A | 1M ARe.q 1|pu 1 uo//:Sdny) SUOIHIPUOD pue SWwid | 3U3 39S *[9202/20/6T] Uo Akeigiauluo A1 ‘saielqi] AisleAlun eiquinio) Ad ¥TST PPe/TTTT OT/I0p/wod A8 Im Aleigipul|uo//sdny wolj pepeoumod ‘s ‘1202 ‘Sr009ET



106. Moskal A., Norat T, Ferrari P, Riboli E. Alcohol intake
and colorectal cancer risk: a dose-response meta-analysis
of published cohort studies. Int ] Cancer 2007; 120:
664-71.

107. Naudin S., Li K., Jaouen T., Assi N., Kyre C., Tjenneland A.,
et al. Lifetime and baseline alcohol intakes and risk of

© 2020 Society for the Study of Addiction

108.

Alcohol and the gut 667

pancreatic cancer in the European prospective investigation
into cancer and nutrition study. Int J Cancer 2018; 143:
801-12.

Ye W., Lagergren J., Weiderpass E., Nyrén O., Adami H.-O.,
Ekbom A. Alcohol abuse and the risk of pancreatic cancer.
Gut 2002; 51: 236-9.

Addiction, 116, 658-667

35UB017 SUOWIWOD 3AIEa1)) a|deatdde ay3 Aq pausenob afe sajoie YO ‘3sn Jo 3Nl 1oy Arld i auluQ AS|IM UO (SUOIIPUOD-PUe-SWIS)WO0D A | 1M ARe.q 1|pu 1 uo//:Sdny) SUOIHIPUOD pue SWwid | 3U3 39S *[9202/20/6T] Uo Akeigiauluo A1 ‘saielqi] AisleAlun eiquinio) Ad ¥TST PPe/TTTT OT/I0p/wod A8 Im Aleigipul|uo//sdny wolj pepeoumod ‘s ‘1202 ‘Sr009ET




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


