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Abstract

Objective

Asymptomatic erosive esophagitis (AEE) is commonly found in men, and might be a risk fac-
tor of developing esophageal adenocarcinoma. We aimed to determine if specific dietary
habits increase the risk of AEE in asymptomatic Taiwanese men.

Methods

We recruited male adults undergoing upper gastrointestinal endoscopy for health check.
We excluded subjects with reflux symptoms, or taking anti-reflux medications or drugs that
potentially impair lower esophageal sphincter function or cause mucosal injury. The fre-
quency of consuming reflux-provoking diets including alcohol, tea, coffee, tomato/citric
juice, chocolate, sweet food, and spicy food was assessed. The erosive esophagitis was
diagnosed based on the Los Angeles Classification after endoscopy. Frequent consumption
of a specific diet was defined as >4 days/week of consuming that diet.

Results

A total of 1256 participants were recruited. After excluding 424 ineligible subjects, AEE was
identified in 180 (22%) among 832 asymptomatic subjects. The risk of AEE increased with
the number of days per week of consuming alcohol or tea: nondrinkers (19%, 17%), occa-
sional drinkers (<1 day/week; 19%, 15%), regular drinkers (1-3 days/week; 26%, 21%), fre-
quent drinkers (4—6 days/week; 32%, 22%), and daily drinkers (42%, 28%), respectively
(trend test P < 0.001 for both). Multivariate analysis showed that hiatus hernia (adjusted
odds ratio (aOR) 5.0, 95% confidence interval (Cl) 2.6—9.6), drinking alcohol >4 days/week
(aOR 2.3, 95% CI 1.3-4.0), and drinking tea >4 days/week (aOR 1.6, 95% Cl 1.1-2.3) are
independent risk factors of AEE. The risk of AEE was 3.8 times greater for those drinking
both alcohol and tea >4 days/week than the non-drinkers.
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Conclusions

Frequent alcohol and tea consumption increased the risk of AEE in Taiwanese men.

Introduction

The prevalence of erosive esophagitis (EE), the most common manifestation of esophageal
injury of gastroesophageal reflux disease (GERD) [1], has increased throughout Asia over the
past decade [2]. In Taiwan, it was estimated to range from 9.0% to 24.6% among adults who
underwent a screening endoscopy during a health check [3]. These rates are within the range
of those reported in general population studies conducted in Sweden (15.5%, Kalixanda) [4]
and Italy (11.8%, Loiano-Monghidoro) [5]. Several health-check studies from Asia including
Taiwan showed that 11.6% to 45.3% of subjects with EE had no reflux symptoms, i.e., asymp-
tomatic erosive esophagitis (AEE), particularly in men [6-9], which was also in line with the
Kalixanda and the Loiano-Monghidoro studies, showing up to 36.8% and 32.8% of patients
with EE were asymptomatic, respectively [4,5]. Although the natural history and the signifi-
cance of AEE remain unknown, it is important to note that EE is a major risk factor for devel-
oping Barrett’s esophagus (BE) [10], which is the precursor of esophageal adenocarcinoma
(EAC) caused by chronic GERD, and was detected in 25% of asymptomatic men older than 50
years of age undergoing screening sigmoidoscopy for colorectal cancer [11]. Therefore, sub-
jects with AEE may theoretically be at risk of developing EAC, as 40% of patients who develop
EAC have never experienced any symptoms of reflux and are therefore less likely to seek medi-
cal attention [12].

Certain foods or beverages, such as chocolate or alcohol may provoke GERD. Therefore,
dietary modifications are often used as a first-line treatment for subjects with GERD [13].
However, the current guidelines do not support dietary restrictions as being an effective ther-
apy for GERD [14], because of a lack of evidence to support that either frequent consumption
of certain foods cause the disease, or that an avoidance of specific diets reduces the disease’s
occurrence. In fact, it is generally difficult to evaluate the cause and effect between dietary hab-
its and GERD, because patients with reflux symptoms may tend to avoid certain foods that
would provoke their symptoms [15]. In this regard, subjects with AEE may be considered the
preferred study population when evaluating the relationship between dietary habits and
GERD.

This study aimed to determine whether frequent consumption of potential reflux-provok-
ing food and beverages such as alcohol, tea, coffee, tomato/citric juices, chocolate, sweet food,
and spicy food [14] may be associated with the risk of AEE in Taiwanese men who were under-
going a screening upper endoscopy during a health check.

Materials and methods

Participants

The study population was 1256 male subjects who underwent self-paid health checks in Taichung
Veterans General Hospital from March 2002 to September 2002. After obtaining their informed
consent, each participant underwent an interview to discuss their medical history, along with a
physical examination, an esophagogastroduodenoscopy (EGD), multiphasic blood screening, a
chest radiograph, an abdominal ultrasound, and a colonoscopy. All participants were over 20
years of age, and most of them were middle-class citizen and were apparently healthy. We

PLOS ONE | DOI:10.1371/journal.pone.0173230 March 6,2017 2/14



@° PLOS | ONE

Diet and asymptomatic esophagitis

excluded subjects with upper gastrointestinal surgery or tumors, BE, any acute illness, refusal for
EGD, refusal to participate in the study, or inability to verbally communicate. Subjects who were
taking medications that commonly impair the lower esophageal sphincter (LES) such as ami-
nophyllines, anticholinergics, beta-adrenergic agonists, nitroglycerins, and benzodiazepines; or
cause direct mucosal injury such as bisphosphonates, ferrous sulfate, doxycycline, non-steroid
anti-inflammatory drugs, and ascorbic acid, were also excluded. Participants who answered “yes”
to any one of the following 3 questions were considered symptomatic and were also excluded:

(1) “In the last 3 months, have you experienced any symptoms of heartburn at least once in a
month? (The term “heartburn” was defined as a burning pain or discomfort behind the breast
bone.)” [16] (2) “In the last 3 months, have you experienced any symptoms of acid regurgitation
at least once in a month? (The term “acid regurgitation” was defined as a bitter or sour fluid rising
to the throat or mouth.)” (3) “In the last 3 months, have you taken any anti-reflux medications to
relieve your upper digestive tract from any symptoms such as upper abdominal, retrosternal, or
throat discomfort, more than once in a month? (The anti-reflux medications may include antac-
ids, proton pump inhibitors, anti-histamine 2 receptors blockers, or pro-motility agents).” The
questionnaire was administered prior to the EGD exam.

The research protocol was first approved by the Institutional Review Board of Taichung
Veterans General Hospital (TCVGH No: C06284) and follows the principles of the Declaration
of Helsinki. All participants provided written informed consent prior to any procedures. The
data and questionnaires were analyzed anonymously, so that subjects could not be personally
identified in the data analysis.

Questionnaire

A structured, self-administered questionnaire was developed to evaluate the dietary habits of
Taiwanese and the potential reflux-provoking food and beverages commonly consumed by
them. These include coffee, chocolate, alcohol, tea, tomato/citric juices, sweet food, and spicy
food. The questionnaire contained 7 items, each asking the number of days per week one cer-
tain kind of food or beverage was consumed. For example, “Within the prior 3 months, how
often on average did you drink alcohol per week? (at least a glass of wine or spirits, or a can of
beer each time)”. Another estimated amount of beverage use was defined as at least one cup of
coffee or tea, one bottle of tomato/citric juice each time, and one occasion for consuming
chocolate, sweet foods, and spicy foods. Subjects were allowed to choose either one of the fol-
lowing answers: (1) never, (2) less than one day per week, (3) between one to three days per
week, (4) between four to six days per week, or (5) almost daily or more frequently than daily.

Before the study, a pre-test of the questionnaire was conducted among 25 randomly
selected hospital staff members to see whether or not they had any difficulty in understanding
the questionnaire, which was then modified according to their suggestions. Subsequently, the
test-retest reliability was conducted in the same group, by comparison of the two tests 7-14
days apart, and showed a median kappa statistic of 0.85 (interquartile range, 0.79-0.9). The
questionnaire would usually be completed within one minute. The same study nurse con-
firmed the completeness of the questionnaire which had been filled out by the participants
immediately before the EGD exam.

Esophagogastroduodenoscopy

The standard practice in this program employed a group of experienced endoscopists (H-C,L;
C-S,C; H-Z,Y; C-W,K) to perform EGDs in order to screen for early upper gastrointestinal
malignancy. The endoscopists were unaware of each subject’s symptoms prior to the proce-
dure, in order to avoid any information bias during the endoscopic assessment [17]. Each
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subject underwent an unsedated EGD. A standard electronic video gastroscope system (Olym-
pus Inc., Tokyo, Japan) was used to assess EE, including the use of an Olympus GIF XQ-240
for the study, and static photographs were recorded on compact disks (CD-ROM). The sever-
ity of esophagitis was classified according to the Los Angeles classification (grades A-D) [18].
To evaluate the reliability of endoscopic diagnosis of EE, another experienced endoscopist
(S-K,P) reexamined 80 endoscopic images randomly selected from study subjects. The inter-
observer agreement between the performing endoscopist and the reviewing endoscopist was
good to excellent with a kappa statistic of 0.8.

Statistical analysis

To determine the effect of dietary habits on AEE, we measured the prevalence of AEE as deter-
mined through the frequency of each food or beverage consumption (never, <1 day/week, 1-3
days/week, 4-6 days/week, daily) and then evaluated the dose-response effect using the Cochran-
Armitage trend test. All data, including demographic data (age, body mass index (BMI)), dietary
habits (alcohol, tea, coffee, chocolate, tomato/citric juice, spicy and sweet food intake), and endo-
scopic findings, were compared between subjects with and without AEE. The Chi-square test was
used for analyzing categorical data, and the Student’s t test was used for continuous data. BMI
categories were defined as, normal weight (<23.9 kg/m?), overweight (24 to 26.9 kg/m?) and
obesity (>27 kg/ m?), as based on Taiwan criteria [19]. Frequent food or beverage consumption
was defined as >4 days per week for a specific food or beverage consumed in the last 3 months.
Using unconditional logistic regression, we calculated the odds ratios (OR) as estimates of the rel-
ative risk and related 95% confidence intervals (CIs), in order to measure the association between
frequent dietary consumption and AEE. Variables having a p <0.25 in the univariate analysis
were entered as candidate risk factors in the multivariate logistic regression analysis, in order to
identify independent risk factors of AEE [20]. All analyses were performed with SPSS 15.0 for
Windows (Chicago, IL). A 2-sided probability value of less than 0.05 was considered statistically
significant.

Results

Of the 1256 men screened for EGD, 832 subjects were deemed eligible after excluding all sub-
jects experiencing reflux symptoms, those taking anti-reflux medications or drugs that poten-
tially impair LES function or cause mucosal injury (n = 417), those with a history of gastric
cancer or previous upper gut surgery (n = 2), BE (n = 4), and any who refused to participate
(n = 1), upon completion of a dietary habit evaluation (Fig 1). Among them, 21.6% (n = 180)
were diagnosed with AEE and the vast majority (73.9%) of those with AEE were at a grade A
severity level (Table 1). Dietary habits varied among the participants: 60.7% drank tea at least
once weekly, while 39.2% drank tea almost daily (Table 1). Subjects found to have AEE were
more likely to have a hiatus hernia (p < 0.0001), to drink alcohol (p = 0.003), and to drink tea
(p = 0.008) than subjects without AEE (Table 1). There was no difference in age, BMI, or the
frequency of consuming remaining foods or beverages between the two groups. Subjects with
a history of reflux symptoms or those taking any anti-reflux medications appeared to have
lower frequencies in the consumption of various food items which might provoke any
symptoms.

The prevalence of AEE increased in step with the increase in the number of days per week
alcohol or tea was consumed (trend test, p = 0.0003 for alcohol and p = 0.0005 for tea, respec-
tively), but not for other foods or beverages (Fig 2). The prevalence of AEE in participants
drinking alcohol increased from 19.0% among non-drinkers, to 41.9% among daily drinkers
(OR 3.1,95% CI 1.6-5.9, p = 0.001); whereas with tea consumption, the AEE increased from
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1256 subjects for health check

424 subjects excluded | Upper gut tumor or an earlier upper gut surgery: 2

Barrett's esophagus: 4

Refused to participate: 1

Typical reflux syndrome or use of PPIs, H2RA, or antacids: 417

v

832 eligible subjects
A

Erosive esophagitis No erosive esophagitis

180 subjects (21.6%) 652 subjects (78.4%)

Fig 1. Enroliment of study subjects. (PPI, proton pump inhibitor; HoRA, histamine-2-receptor antagonist).

doi:10.1371/journal.pone.0173230.9001

16.9% among non-drinkers, to 27.6% among daily drinkers (OR 1.9, 95% CI 1.1-3.1, p = 0.01;
Fig 2).

In a multivariate logistic regression analysis model, a hiatal hernia (adjusted odds ratio
(aOR) 5.0, 95% CI 2.6-9.6, p < 0.0001), drinking alcohol >4 days/week (aOR 2.3, 95% CI 1.3-
4.0, p = 0.002), and drinking tea >4 days/week (aOR 1.6, 95% CI 1.1-2.3, p = 0.008) are all
independently associated with AEE (Table 2). When compared with men who did not drink
alcohol or tea, the estimated risk of AEE for men who drank both alcohol and tea >4 days/
week, was 3.8 times greater (95% CI 1.7-8.7, Table 3).

Discussion

This study explored the prevalent rates and risk factors of AEE among asymptomatic Taiwan-
ese men, focusing on their dietary habits. Although we discovered that frequent consumption
of alcohol and/or tea were independently associated with increased risks of AEE, with an
apparent dose-response relationship, it does not necessarily imply that they are causally
related. However, we make the following arguments to support such a hypothesis: First, we
have deliberately included participants without any previous history of reflux symptoms, or
those taking any medications that may be related to reflux or esophageal mucosal injury. Thus,
the association cannot be explained by any possible coexistence of symptomatic GERD or
medications. Secondly, because we have constructed a multivariable, logistic regression model
by including hiatal hernia, coffee, chocolate, and other common dietary habits, the potential
confounders by all these factors were also under control. Thirdly, the positive association
between hiatal hernia and AEE in our final model corroborates previous reports [4,8,9,21,22]
and the validity of statistical analysis. Therefore, we have tentatively concluded that frequent
consumption of alcohol and/or tea, independently associates with AEE in Taiwanese asymp-
tomatic men. Based on the magnitude of the odds ratio, alcohol appeared to be a stronger
reflux promoter than tea. Moreover, an additive risk of AEE was also observed when drinking
both beverages frequently, implicating a role of dietary habits or the subject’s associated life-
style, in the development of AEE.

AEE is a silent GERD based on the Montreal definition [1], given the specificity of endo-
scopic mucosal lesions in the diagnosis of EE. Epidemiological studies have shown that the
prevalence of AEE among asymptomatic Asian adults undergoing health check, ranged from
12% to 18.5% in Taiwan [6,9,23] and from 1.6% to 7% in other Asian countries [8,21,22,24],
respectively. Our data showed a high prevalence of AEE of 21.6% in Taiwanese men, which
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Table 1. Demography, endoscopic findings, and dietary habits of asymptomatic male subjects with or without erosive esophagitis, and symptom-

atic male subjects.

Subjects with reflux symptoms or those taking any medications Asymptomatic subjects p**
that relate to erosive esophagitis* (n = 417) Erosive esophagitis | Normal controls
(n=180) (n=652)
Demography
Age (years) 52.1+12.6 51.8+13.0 50.2+12.0 0.1
(mean + SD)
Age >50 (years) (n (%)) 221 (53.0) 97 (53.9) 328 (50.3) 0.4
BMI (kg/m?) 245%3.0 246+3.3 24.3+3.3 0.2
(mean + SD)
BMI >24 (kg/m?) (n (%)) 240 (57.6) 97 (53.9) 349 (53.5) 0.9
Endoscopic findings
(n (%))
Erosive esophagitis
No erosive 269 (64.5) 0(0.0) 652 (100.0)
esophagitis
Grade A 95 (22.7) 133 (73.9) 0(0.0)
Grade B 41 (9.8) 38 (21.1) 0(0.0)
Grade C 8(1.9) 4(2.2) 0(0.0)
Grade D 4(1.0) 5(2.8) 0(0.0)
Hiatus hernia 25 (6.0) 23(12.8) 19 (2.9) <
0.0001
Duodenal ulcer 77 (18.4) 22 (12.2) 98 (15.0) 0.4
Gastric ulcer 50(11.9) 21 (11.7) 73(11.2) 0.9
Food or beverage
habits (n (%))
Alcohol
None 204 (48.9) 79 (43.9) 336 (51.5) 0.003
<1 day/week 91 (21.8) 40 (22.2) 173 (26.5)
1-3 days/week 78(18.7) 35(19.4) 101 (15.5)
4-6 days/week 20 (4.8) 8(4.4) 17 (2.6)
Everyday 24 (5.8) 18(10.0) 25 (3.8)
Tea
None 85 (20.3) 25(13.9) 123 (18.9) 0.008
<1 day/week 76 (18.2) 26 (14.4) 151 (23.2)
1-3 days/week 62 (14.8) 26 (14.4) 95 (14.6)
4-6 days/week 35(8.4) 13(7.2) 45 (6.9)
Everyday 159 (38.1) 90 (50.0) 236 (36.2)
Coffee
None 223 (53.6) 95 (52.8) 339 (52.0) 0.2
<1 day/week 101 (24.2) 42 (23.3) 167 (25.6)
1-3 days/week 54 (12.9) 10 (5.6) 64 (9.8)
4-6 days/week 8(1.9) 7 (3.9) 16 (2.5)
Everyday 30(7.2) 26 (14.4) 66 (10.1)
Chocolate
None 335 (80.3) 154 (85.6) 539 (82.7) 0.4
<1 day/week 67 (16.0) 26 (14.4) 103 (15.8)
1-3 days/week 11 (2.6) 0(0.0) 8(1.2)
4-6 days/week 3(0.7) 0(0.0) 0(0.0)
Everyday 1(0.2) 0(0.0) 2(0.3)
(Continued)
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Table 1. (Continued)

Tomato/citric juices

None

<1 day/week

1-3 days/week

4—6 days/week

Everyday
Sweet food

None

<1 day/week

1-3 days/week

4-6 days/week

Everyday
Spicy food

None

<1 day/week

1-3 days/week

4-6 days/week

Everyday

Subjects with reflux symptoms or those taking any medications
that relate to erosive esophagitis* (n = 417)

151 (36.2)

168 (40.2)

79 (18.9)
6(1.4)
13 (3.1)

104 (24.9)

158 (37.8)

109 (26.1)
20 (4.8)
26 (6.2)

202 (48.4)
90 (21.5)
83(19.9)
18 (4.3)
24 (5.8)

BMI, body mass index; SD, standard deviation; n, number of subjects.
* Male subjects with symptoms of heartburn or acid regurgitation or those taking any anti-reflux medications, or drugs that potentially impair esophageal
sphincter function or cause mucosal injury
** pvalue for comparison between asymptomatic male subjects with and without erosive esophagitis.

doi:10.1371/journal.pone.0173230.t001

Asymptomatic subjects

Erosive esophagitis

(n =180)

81 (45.0)

64 (35.6)

29 (16.1)
1(0.6)
5(2.8)

52 (28.9)
68 (37.8)
41 (22.8)
3(1.7)
15 (8.3)

89 (49.4)
46 (25.6)
30 (16.7)
3(1.7)
10 (5.6)

Normal controls

(n=652)

239 (36.7)

275 (42.2)

101 (15.5)
17 (2.6)
20 (3.1)

204 (31.3)

268 (41.1)

117 (17.9)
13 (2.0)
49 (7.5)

354 (54.3)

175 (26.8)
82 (12.6)
9(1.4)
31(4.8)

p**

0.1

0.6

0.6

was consistent with the findings of male predominance in AEE across most Asian large-scale

studies [6-9,21,22,24]. In this study, we confined the scope of our investigation of the risk of

0,
) 46 ~@-alcohol  —a— spicy food

40 --#-- coffee sweet food

——tea tomato/citric juice
35
30
25
20

15

10

None <1 day/week

1-3 days/week

4-6 days/week

everyday

Fig 2. Proportions of asymptomatic erosive esophagitis by frequency of dietary habits in Taiwanese

men. (trend test, p=0.0003 for alcohol and p = 0.0005 for tea, respectively)

doi:10.1371/journal.pone.0173230.9002
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Table 2. Crude and adjusted odds ratios and 95% confidence intervals of asymptomatic erosive esophagitis and associated factors in Taiwanese

men.

Hiatus hernia
No
Yes

Alcohol (days/week)

<4
>4
Tea (days/week)
<4
>4

Coffee (days/week)

<4
>4

Tomato/citric juices (days/week)

<4
>4

Univariate Multivariate

OR (95% ClI) P Adjusted OR (95% ClI) P
1.00 (reference) <0.0001 1.00 (reference) <0.0001
4.88 (2.59-9.19) 5.01 (2.62-9.56)

1.00 (reference) 0.001 1.00 (reference) 0.002
2.45(1.46-4.13) 2.31(1.34-3.99)

1.00 (reference) 0.001 1.00 (reference) 0.008
1.76 (1.26-2.45) 1.61(1.13-2.28)

1.00 (reference) 0.06 1.00 (reference) 0.2
1.56 (1.00-2.43) 1.35(0.85-2.15)

1.00 (reference) 0.3 1.00 (reference) 0.1

0.57 (0.24—1.38) 0.47 (0.19-1.16)

BMI, body mass index; OR, odds ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0173230.t002

dietary habits on AEE to the male gender, as men are not only more likely to have EE [25,26],
(possibly due to a greater parietal cell mass [27], a higher prevalence of hiatus hernia [28], and
poor lifestyle habits such as smoking or alcohol consumption [29,30]), but also report fewer
symptoms than women [31]. Thus, men may carry a higher risk of developing severe EE, BE
and EAC [26,32]. In addition to the aforementioned hiatal hernia and male gender, data
regarding other risk factors of AEE in community-based studies such as obesity, age, and H.
pylori are scant and still inconsistent. For example, unlike the positive association with obesity
in EE, data on AEE were mixed as three studies showed a positive association [4,6,22], while 4
other studies, including ours, found no association with obesity [8,9,21]. Moreover, the associ-
ation between obesity and EE was mainly found in women but not in men [33-35], which may
be related to the reflux-promoting effect of estrogen [36]. In addition, older age was not a risk
factor for AEE in most studies, including ours, that used asymptomatic non-AEE subjects as
controls [6,8,9,21,22,24], except one study that compared subjects with symptomatic EE (SEE)

Table 3. Adjusted odds ratios and 95% confidence interval of asymptomatic erosive esophagitis by frequency of alcohol and tea consumption in

Taiwanese men.

Tea
None (n=148)

<4 days/week (n = 298)
>4 days/week (n = 384)

Alcohol
None (n = 415)
n/N (%)

14/106 (13.2)
25/142 (17.6)
40/166 (24.1)

<4 days/week (n = 349) >4 days/week (n = 68)

Adjusted OR (95%Cl) |n/N (%) Adjusted OR (95%Cl) |n/N (%) Adjusted OR (95%CI)
1.00 (reference) 7/33 (21.2) 1.8 (0.6-4.9) 4/9 (44.4) 5.7 (1.4-23.8)
1.3(0.6-2.7) 23/147 (15.6) | 1.2(0.6-2.5) 4/9 (44.4) 4.8(1.1-20.8)

1.8 (0.9-3.5) 45/169 (26.6) | 2.5 (1.3-4.9) 18/49 (36.7) | 3.8(1.7-8.7)

n, patients with erosive esophagitis; OR, odds ratio; Cl, confidence interval. ORs were adjusted for hiatus hernia. Missing data of tea drinking in one of 415
subjects who did not drink alcohol and in one of 68 subjects who consumed alcohol >4 days/week.

doi:10.1371/journal.pone.0173230.t003
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[8]. Despite the association between the severe form of EE (regardless of symptoms) and older
age [37], the results on the association between the prevalence of EE and older age in large
observational studies were also mixed [25,26,38-40], indicating the possibility that other fac-
tors such as hiatus hernia or obesity, which were commonly found in the elderly, may contrib-
ute to the severe form of EE [28]. The inverse association with H. pylori found in two AEE
studies [9,21], was consistent with that of other EE studies in Asia [41], though H. pylori was
not investigated in this study. Finally, when compared between patients with AEE and SEE,
the risk factors including age, gender, and obesity were inconsistent amongst studies [7,8,21-
24], except that psychological distress, overlap of dyspepsia or irritable bowel syndrome were
less common in AEE [22,24], indicating a higher pain threshold in patients with AEE.

The lifestyle, particularly, the role of dietary habits on AEE has rarely been studied, and the
results from the limited data seemed mixed [6,8,9,21]. Given the assumption of there not being
any specific diet restrictions in patients with AEE, this may be an ideal model in which to
investigate the relationship between reflux and diets in population-based studies.

Alcohol may promote reflux by reducing LES tone, increasing intra-gastric acidity, decreas-
ing salivary bicarbonate, and also impairing the mucosal barrier in physiological studies
regardless of the type and amounts involved [42]. However, large observational studies investi-
gating the effects of alcohol exposure on GERD have been inconsistent, presumably due to dif-
ferent definitions of alcohol consumption, different disease outcome measures, and different
population studied, particularly ethnically or culturally-related geographic variations, amongst
the studies [13]. To support the reverse causality regarding the outcome measure, we searched
available literature and found that 16 out of 22 studies (73%) using EE (or AEE) as an (objec-
tive) outcome measure demonstrated an association with alcohol consumption in univariate
analysis, as compared to only 4 of 13 studies (31%) using reflux symptoms (or non-erosive
reflux disease) as a (subjective) outcome measure (S1 Table), indicating that the concomitant
occurrence of reflux symptoms could influence the level of alcohol exposure [43]. In addition,
the association between alcohol consumption and GERD (either EE or reflux symptoms)
seemed to be more common in Asian studies, as compared to the western counterparts (88%
vs. 48%, S1 Table), raising the possibility of contributory roles of genetic predisposition, and
culturally-related drinking habits. In fact, acetaldehyde dehydrogenase deficiency, a genetic
aberrant predisposition of alcohol metabolism commonly found in Asian populations has
recently been linked to BE [44] and esophageal cancer [45] in Asian drinkers. Besides, alcohol
drinking is also a culturally-related behavior [30], as Chinese culture encourages binge drink-
ing for middle-aged men during mealtime [46], a scenario resulting in promotion of reflux in
this susceptible group, In contrast, heavy episodic drinking can be prevalent in youths in West
regardless of whether meals are being eaten [47]. Thus, it is conceivable that frequent alcohol
consumption or its associated lifestyle contribute to the occurrence of EE or AEE, particularly
in Asian populations.

Tea, processed from the leaf of Camellia sinensis, is consumed by two-thirds of the people
in the world as a healthy beverage [48]. However, tea is also associated with heartburn [49].
The proposed mechanisms include increased gastric acid secretion through suppressing the H.
pylori proliferation [50], and the decreased LES pressure [51], thereby increasing esophageal
acid reflux [52]. Theophylline, a major component in tea, may relax the LES [53] and also has
a significant inhibitory effect on visceral pain [54], thus may theoretically contribute to AEE.
Recent data have shown that long-term use of LES relaxing medications, such as theophylline,
is associated with EAC [55]. However, the epidemiological studies investigating the effects of
tea on GERD are scant and the results are conflicting [6,15,29,56-61], possibly because of diffi-
culty in assessing the quantity and the quality of tea in a population-based study. Many cultur-
ally-related drinking habits, such as the consumption of black tea, green tea and strong tea
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[56], along with drinking tea at hot temperatures [62], and adding nutrients such as cream or
sugar [49], may contribute differently to the reflux or irritation of esophageal mucosa. For
example, drinking strong tea was found highly correlated to the occurrence of GERD in the
Han Chinese from a population-based study in Urumgqi, China [63]. In our study, 39.2% of the
participants were daily tea drinkers. Given the worldwide popularity of tea drinking, clinicians
should recognize that even small increases in risk may possibly translate into a larger number
of EE cases when the beverage is consumed in large amounts. Future research will be needed
to clarify the quantity and the quality of tea consumption, when analyzing the occurrence of
GERD in heavy tea drinkers.

Coffee is also a potent stimulant of gastric acid secretion and has similarly been associated
with heartburn [64,65]. However, the results of the effects of coffee on LES pressure and post-
prandial acid reflux time, or the number of acid reflux episodes, were conflicting [66-69]. A
recent meta-analysis of epidemiological studies showed no association between coffee con-
sumption and GERD [70]. Other diets which included chocolate, tomato/citric juices, sweet
food, and spicy food have also been found to be associated with acid regurgitation or heart-
burn; however, none have been reported with EE [6,13,56].

There have been limitations in our study. First, because the sample examined in this
study was taken from a population of self-selection for those undergoing a health check-
up, the result of seeing a prevalent rate of AEE may not be generalized to fit the overall
population in Taiwan. However, such self-paid, health check-ups are generally affordable
and easily accessible to most residents in Taiwan, who care to know their own health sta-
tus, particularly for those interested in early cancer screening. As we had already excluded
417 subjects experiencing reflux symptoms, and those taking medications or drugs that
potentially impair esophageal sphincter function or cause mucosal injury, all of whom
were found to have a prevalence of 35.5% for esophagitis or even more severe lesions
(Table 1), those who were included in our study would appear to represent apparently
healthy Taiwanese men to some extent. Secondly, because it is difficult to accurately assess
the exposure of beverage consumption without objective biomarkers in epidemiological
studies [71], we assumed that the frequency of alcohol or tea consumption for a duration
of at least 3 months represented the dietary habit or life-style habit related to that beverage
and paralleled the amount of intake. Further studies are needed to investigate the concen-
trations, fermentation methods, accompanying food or additive nutrients, and drinking
temperatures of both types of beverages, and if possible, to employ objective biomarkers to
validate the true exposure. However, because the data of dietary habits and symptoms
were collected immediately before the endoscopy, kept blind to the endoscopists, and a
photo confirmation study was reviewed by a different experienced endoscopist, we were
able to minimize or avoid information bias and misclassification. Thirdly, it is also possi-
ble that food items or lifestyles such as smoking or large meals that accompanies alcohol or
tea consumption confound the occurrence of AEE, and were not recorded in our study.
However, the possibility of such biased conclusion is unlikely to be fully explained by a
clear dose-response relationship existing between AEE and the frequency of alcohol or tea
consumption. Further studies are needed to clarify this issue.

Conclusion

In conclusion, our present study demonstrated that frequent consumption of alcohol and tea
increased the risk of AEE in Taiwanese men. Future research to corroborate our hypotheses is
warranted for these two common beverages, both of which have been strongly embedded in
our dietary culture.
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