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Abstract

Background: There have been very few reports assessing the relationship between various upper gastrointestinal (GI)
symptoms or evaluating each individual upper GI symptom separately.

Methods: Based on the answers to Frequency Scale for the Symptoms of GERD from a large-scale population of healthy
adults in Japan, a hierarchical cluster analysis was performed to categorize the typical 12 upper GI symptoms. The
associations between the 12 symptoms and 13 background factors were systematically analyzed among the 18,097
digestive drug-free subjects, 364 proton-pump inhibitor (PPI) users, and 528 histamine H2-receptor antagonist (H2RA) users.

Results: The derived relationship between the 12 upper GI symptoms suggests the five symptom categories: heartburn (2),
dyspepsia (4), acid regurgitation (3), pharyngo-upper esophageal discomfort (2), and fullness while eating (1). Among the
digestive drug-free subjects, inadequate sleep, weight gain in adulthood, NSAID use, meals immediately prior to sleep, and
frequent skipping of breakfast showed significant positive association with most upper GI symptoms. Compared to the
digestive drug-free subjects, significantly associated factors for PPI and H2RA users are respectively different in ‘‘4 of 5’’ and
‘‘5 of 5’’ symptoms in heartburn and acid regurgitation categories, ‘‘1 of 2’’ and ‘‘1 of 2’’ symptoms in pharyngo-upper
esophageal discomfort category, and ‘‘0 of 5’’ and ‘‘3 of 5’’ symptoms in dyspepsia and fullness while eating categories.
These differences between digestive drug-free subjects and gastric acid suppressant users seem to correlate with our
experiences in clinical situations: heartburn and acid regurgitation category symptoms are effectively controlled with PPI
and H2RA whereas other category symptoms are not.

Conclusions: The 12 upper GI symptoms can be classified into five categories, which are statistically associated with various
background factors. The differences of associated factors between digestive drug-free subjects and digestive drug users
may be useful in studying the drug effects upon diverse upper GI symptoms.
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Introduction

The term ‘‘upper gastrointestinal (GI) symptoms’’ is commonly

used to describe multiple complaints including heartburn,

regurgitation, postprandial fullness, early satiety, epigastric pain,

belching, nocturnal pain, fasting pain, nausea and vomiting,

abdominal distention, and so on [1]. There have been many

previous reports concerning upper GI symptoms which focused on

the three symptom categories separately: gastroesophageal reflux

symptoms [2,3,4,5,6,7,8], dyspeptic symptoms [7,9,10,11,12,13],

and peptic ulcer related symptoms [7,14,15,16]. However, there

have been very few reports assessing the relationship between

various upper GI symptoms. In the present study, we therefore

tried to statistically categorize the typical upper GI symptoms

using a hierarchical cluster analysis.

Of the many upper GI symptoms, gastroesophageal reflux

disease (GERD) symptoms are thought to be the most common

[17,18]; the prevalence of reflux esophagitis (RE) and non-erosive

reflux disease (NERD) are respectively 15.5% and 27.1% in

Sweden [8], 6.8% and 15.9% in Japan [5]. Although GERD

patients present a diverse range of symptoms including extra-

esophageal symptoms [3,6,19], it is broadly accepted that the most

typical symptoms of GERD are heartburn and regurgitation [4].

Dyspeptic symptoms are also thought to be very common [17,18];
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the prevalence of functional dyspepsia was reported to be 14.7% in

Norway [20,21] and 11.5% in England [22]. Though an accurate

evaluation concerning the prevalence of dyspepsia is difficult, it is

thought to be in the range of 10–40% [9]. We previously evaluated

the associations of FSSG (Frequency Scale for the Symptoms of

GERD) scores [19] with multiple lifestyle related factors using the

data from a large-scale cohort of 19,864 healthy adults [3].

Although the FSSG questionnaire was originally developed for

evaluating symptoms of GERD patients [19], the 12 questions of

FSSG target not only ‘‘acid reflux-related symptoms’’ but also

‘‘dyspeptic (dysmotility) symptoms’’ [23]. Thus, it has been used

for not only evaluation of GERD symptoms [3,24,25] but also for

evaluating functional dyspepsia (FD) [26]. Consequently, we used

the 12 symptoms included in the FSSG as the typical upper GI

symptoms in the present study.

In our recent report [3], we found that the total FSSG score is

significantly associated with many lifestyle related factors such as

inadequate sleep, increased body weight in adulthood, meals

immediately prior to sleep, midnight snacks, body mass index

(BMI), frequent skipping of breakfast, lack of habitual physical

exercise, quick eating, etc. However, we had not performed the

thorough analyses evaluating association between individual upper

GI symptoms and putative background factors separately (systemic

analyses). Many questionnaires assessing diverse upper GI

symptoms have been proposed [3,19,27,28,29], but detailed

systemic evaluation of individual upper GI symptoms had not

been executed. In this study, we therefore analyzed the individual

12 upper GI symptoms separately, together with putative

background factors identified in our previous reports [3,5,30].

Based on the results from our recent analyses [3,5,31], we have

decided to analyze the following 13 background factors: age,

gender, BMI, serum Helicobacter pylori (HP) IgG, ratio of serum

pepsinogen I/II reflecting atrophy of gastric mucosa, use of

NSAIDs, inadequate sleep, weight gain in adulthood, intake of

meals immediately prior to sleep, frequent skipping of breakfast,

lack of habitual exercise, habitual alcohol drinking, and habitual

smoking. In our present study, we tried to evaluate not only the

persons free from digestive-drug use, but also the proton pump

inhibitor (PPI) users and histamine H2-receptor antagonist (H2RA)

users. These two drugs are the most popular gastric acid

suppressants used for upper GI disorder including GERD

[3,32,33], peptic ulcer disease [14,34,35], and dyspepsia

[10,36,37]. Therefore, we hypothesized that a comparison of the

background factors of PPI and H2RA users with those of digestive

drug-free subjects might be useful in predicting the efficacy of

controlling intragastric pH upon various upper GI symptoms.

Materials and Methods

Study Subjects
All the subjects who received medical checkup at Kameda

Medical Center Makuhari (Chiba-shi, Chiba, Japan) during the

year 2010 were asked to participate in our study. All subjects were

physically self-reliant healthy outpatients, who voluntarily applied

for a complete physical examination at our institute. A total of

20,773 subjects (50.269.5 years of age) assented and were enrolled

in our study. In cases where health checkup was performed twice

in 2010, the results from the former checkup were used. Cases less

than 20 years of age, with a medical history of gastrectomy, and

with insufficient data for analysis were excluded from this study.

This study was approved by the ethics committee of the University

of Tokyo, and written informed consent was obtained from all the

study participants according to the Declaration of Helsinki.

Frequency Scale for the 12 Upper GI Symptoms and
Questionnaire about Lifestyles

To assay various upper GI symptoms, we analyzed the 12

symptom scores included in the Frequency Scale for the

Symptoms of GERD (FSSG), which is a validated and widely

used questionnaire covering various symptoms related to the upper

gastrointestinal tract [3,19,23]. The frequency of each of these 12

upper GI symptoms (Figure 1A) was measured on the following

scale: never = 0; occasionally = 1; sometimes = 2; often = 3; and

always = 4. As the response variables for the statistical analyses, we

used the 12 symptom scores derived from the study subjects.

For the explanatory variables, we adopted 13 factors based on

our past research [3,5,30,31] (Figure 1B). We selected age (F1),

gender (F2), and BMI (F3) as the three basic factors, and serum HP

IgG (F4) and ratio of serum pepsinogen I/II (F5) as gastric

mucosa-related factors. In addition, we selected drinking (F12),

smoking (F13), and the six following yes-no questionnaire filled in

by all participants (Figure 1B); (F6) Do you take any non-steroidal

anti-inflammatory drugs (NSAIDs)?; (F7) Do you feel you do not

have adequate sleep?; (F8) Has your body weight markedly

increased in adulthood (more than 10 kg from the age of 20

years)?; (F9) Do you habitually have a midnight snack (more than

three times a week)?; (F10) Do you frequently skip breakfast (more

than three times a week)?; and (F11) Is your time of exercise less

than 30 minutes a day?

Statistical Methods
A hierarchical cluster analysis (Ward’s method with Euclidean

distances) was performed in order to group the 12 upper GI

symptoms based on the questionnaire answers from the digestive

drug-free subjects. The results of cluster analyses were computed

into a cluster dendrogram, which became the basis of our systemic

categorization of multiple upper GI symptoms.

Correlation analyses were exhaustively performed, using the 12

upper GI symptoms as response variables and the above-

mentioned 13 background factors as explanatory variables

(systemic analyses). Digestive drug-free subjects, PPI users, and

H2RA users were analyzed separately. For univariate systemic

analyses, Student’s t-test or Pearson’s correlation coefficient were

applied. For multivariate systemic analyses, the multiple linear

regression model was applied to relevant background factors for

each of the 12 response variables. The effect sizes (f2) and power of

all the variables were also calculated. In both univariate and

multivariate systemic analyses, two-sided p values of less than

0.005 (for digestive drug-free subjects) or 0.05 (for PPI users and

H2RA users) were considered statistically significant.

To assess the association between various background factors of

digestive drug-free subjects and gastric acid suppressant (PPI or

H2RA) users, analysis of covariance (ANCOVA) was additionally

performed, in which p values of less than 0.01 were considered

statistically significant. All statistical analyses were performed using

SAS version 8.2 (SAS Institute Inc., Cary, NC, USA) or JMP

version 8.0 (SAS Institute Inc.) software.

Results

Characteristics of the Study Subjects and 12 Upper
Gastrointestinal Symptoms

Of the 20,773 subjects who were originally enrolled in this

study, we excluded 1,053 subjects due to an age of less than 20

years old (2), a history of gastrectomy (211), or insufficient data for

analysis (840). As shown in Figure 2, the eligible 19,720 subjects

comprised of 5 subjects using both PPI and H2RA, 364 PPI users

who do not use H2RA (236 men and 128 women with a mean age

Optimized Categorization of 12 Upper GI Symptoms
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of 55.669.9 years), 528 H2RA users who do not use PPI (323 men

and 205 women with a mean age of 52.869.7 years), 726 subjects

using digestive drug other than PPI and H2RA (393 men and 333

women with a mean age of 52.469.4 years), and 18,097 digestive

drug-free subjects who do not use any digestive drugs (10,406 men

and 7,691 women with a mean age of 49.869.3 years).

Scores of the 12 upper GI symptoms among the 18,097

digestive drug-free subjects, 364 PPI users, and 528 H2RA users

are shown in Table 1. For all the 12 upper GI symptoms, scores of

PPI users and H2RA users are significantly higher than those of

digestive drug-free subjects.

Proposal of Five Categories for the 12 Upper GI
Symptoms

To analyze the interrelation among the 12 upper GI symptoms,

a hierarchical cluster analysis was performed based on the data

from 18,097 digestive drug-free subjects. The result is visualized as

a dendrogram (Figure 3), which denotes ‘‘distances’’ among the 12

symptoms. Although the 12 upper GI symptoms included in the

Figure 1. The 12 questions for frequencies of various upper gastrointestinal symptoms (A) and 13 background factors derived from
the questionnaire (B).
doi:10.1371/journal.pone.0088277.g001
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FSSG [19] have been originally classified into acid reflux-related

(a, d, f, g, i, j, and l) and dyspeptic (b, c, e, h, and k) symptoms [23],

our results do not completely conform to this categorization. For

example, ‘‘j) bitter liquid coming up to the throat’’ (belonging to

acid reflux-related symptoms) and ‘‘k) burping a lot’’ (belonging to

dyspeptic symptoms) are relatively close. For another example, ‘‘g)

unusual sensation in the throat’’ and ‘‘i) some thing getting stuck in

swallowing’’, both originally considered to be acid reflux-related

symptoms, are not closely related to other acid reflux-related

symptoms.

Based on the cluster dendrogram, we propose that the 12 upper

GI symptoms can be classified into five categories (Figure 3):

heartburn (f and a), dyspepsia (d, e, c, and b), acid regurgitation (l,

j, and k), pharyngo-upper esophageal discomfort (g and i), and

fullness while eating (h). Whereas heartburn and acid regurgitation

are considered as two of the most typical GERD symptoms [6],

our results suggest that these two should be treated separately

(Figure 3). Dyspepsia, one of the most common symptoms of

functional gastrointestinal disorders [9,18,20,38], includes three

typical dyspeptic symptoms (b, c, and e) [23,39] and one

Figure 2. Study recruitment flowchart.
doi:10.1371/journal.pone.0088277.g002

Table 1. Scores of the typical 12 upper GI symptoms among the 18,097 digestive drug-free subjects, 364 PPI users, and 528 H2RA
users.

12 upper gastrointestinal symptoms
18,097 digestive drug-free
subjects 364 PPI users 528 H2RA users

a) Getting heartburn 0.5160.78 1.2961.14 1.1361.08

b) Stomach getting bloated 0.7960.96 1.1061.10 1.1461.10

c) Stomach feeling heavy 0.5760.81 1.0861.13 1.1761.07

d) Rubbing the chest with hands 0.1860.51 0.4460.82 0.4360.81

e) Feeling sick after meals 0.2060.50 0.3860.70 0.4360.75

f) Getting heartburn after meals 0.3860.66 0.8961.04 0.8060.97

g) Unusual sensation in the throat 0.3360.75 0.6661.04 0.4760.91

h) Feeling full while eating the meals 0.3160.64 0.4660.78 0.4760.82

i) Some thing getting stuck in swallowing 0.1960.52 0.3860.76 0.2660.57

j) Bitter liquid coming up to the throat 0.3760.65 0.9161.04 0.7360.87

k) Burping a lot 0.5260.87 0.9461.11 0.8861.09

l) Getting heartburn while bending over 0.1360.44 0.4860.94 0.3260.70

Total of 12 symptom scores 4.4664.95 9.0067.35 8.2366.57

Scores of the 12 upper GI symptoms included in the FSSG range from 0 to 4 respectively. Consequently, total symptom scores range from 0 to 48.
doi:10.1371/journal.pone.0088277.t001
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unexpected symptom (d). Pharyngo-upper esophageal discomfort

includes two close symptoms (i and g), which may be considered as

extraesophageal GERD symptoms [19,40]. Contrary to prior

belief, fullness while eating (h) is not closely related to any of the

other dyspeptic symptoms (b, c, and e); it is in fact the most

isolated symptom among the 12 upper GI symptoms (Figure 3).

Background Factors for the Individual 12 Upper GI
Symptoms among the 18,097 Digestive Drug-free
Subjects, 364 PPI Users, and 528 H2RA Users

Distribution of the 12 upper GI symptom scores and 13

background factors are shown as histograms (Figure S1 and S2)

based on the data of 18,097 digestive drug-free subjects. Of the 13

analyzed factors, use of NSAIDs (F6), lack of habitual exercise

(F11), inadequate sleep (F7), frequent skipping of breakfast (F10),

and meals immediately prior to sleep (F9) seem to be risk factors

for all 12 upper GI symptoms. The other eight factors do not show

unidirectional tendencies: both positive and negative associations

are observed for the 12 upper GI symptoms (Figure S1 and S2).

Using the data from the 18,097 digestive drug-free subjects,

univariate and multivariate analyses were further performed to

evaluate associations between the 12 symptoms and 13 back-

ground factors exhaustively. The results of systematic univariate

analyses (Table S1) show various associations between the 13

causative factors and the 12 upper GI symptoms. Among the 13

factors, inadequate sleep (F7) is apparently the strongest associated

risk factor for most upper GI symptoms, which is consistent with

our recent report [3]. The following systematic multivariate

analyses (Table 2) also confirmed that inadequate sleep (F7) is the

strongest risk factor for 11 of 12 upper GI symptoms. In addition,

weight gain in adulthood (F8), use of NSAID (F6), meals

immediately prior to sleep (F9), and frequent skipping of breakfast

(F10) also showed significant positive associations with almost all

12 symptoms (Table 2). We designated these five as common risk

factors for upper GI symptoms.

Next, we performed multivariate analyses on the users of gastric

acid suppressants, to evaluate the thorough associations between

the 12 upper GI symptoms and 13 background factors (Table 3 for

PPI users, Table 4 for H2RA users). The distributions of significant

factors for PPI users and H2RA users are apparently different from

those of digestive drug-free subjects (Table 2). In particular, serum

HP IgG (F4), serum PG I/II ratio (F5), use of NSAID (F6), and

weight gain in adulthood (F8) seldom showed significant associ-

ation with upper GI symptoms among either PPI and H2RA users.

Conversely, age (F1), sex (F2), and BMI (F3) among the digestive

drug-free subjects and gastric acid suppressant users displayed

similar associations with several upper GI symptoms (Table 2–4).

It is intriguing that some significant factors for upper GI symptoms

are markedly different between gastric acid suppressant users and

digestive drug-free subjects, whereas others are similar.

To validate the differing results of the three groups (digestive

drug-free subjects, PPI users, and H2RA users) with different

population sizes, we calculated the effect sizes and power for all

variables. The statistical power proved adequate in all analyses

(Table S2). Most effect sizes are .0.02 with the exception of the

four symptoms (g, i, k, and l) of digestive drug-free subjects group,

but these four still display sizes of more than .0.015. The effect

sizes of the explanatory variables for digestive drug-free users tend

to be smaller than those for PPI users and H2RA users, but the

difference is compensated by the smaller p value (p,0.005) for

digestive drug-free users compared with gastric acid suppressant

users (p,0.05).

Our Five Proposed Categories of 12 Upper GI Symptoms
Seem to Reflect the Differences of Background Factors
between Digestive Drug-free Subjects and Gastric acid
Suppressant Users

To accurately evaluate the differences between the digestive

drug-free subjects and gastric acid suppressant users, statistical

analysis (ANCOVA) was also performed.

For PPI users (p values in Table 3), two symptoms of the

heartburn category (2 of 2) and two symptoms of the acid

regurgitation category (2 of 3) have markedly different background

factors compared to digestive drug-free subjects. One symptom of

the pharyngo-upper esophageal discomfort category (1 of 2) has

also significantly but not greatly different background factors. On

the contrary, no symptoms of the dyspepsia category (0 of 4) and

fullness while eating category (0 of 1) have significantly different

background factors; in other words, associated background factors

of the five symptoms in these two categories are quite similar

between PPI users and digestive drug-free subjects.

Figure 3. A dendrogram of the 12 upper GI symptoms based on the hierarchical cluster analysis (Ward’s method) of the 18,097
digestive drug-free subjects. Our proposed five categorization of 12 upper GI symptoms is also denoted.
doi:10.1371/journal.pone.0088277.g003
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For H2RA users (p values in Table 4), all five symptoms of the

heartburn category (2 of 2) and acid regurgitation category (3 of 3)

have significantly different background factors compared to

digestive drug-free subjects. As shown in Table 3 and 4, p values

of these five symptoms are quite similar between H2RA users and

PPI users, with exception of ‘‘burping a lot (k)’’ of the acid

regurgitation category. For the pharyngo-upper esophageal

discomfort category, one symptom (1 of 2) has meaningfully but

slightly different background factors, similar to PPI users. For the

dyspepsia category, unlike PPI users, three symptoms (3 of 4) have

significantly different background factors compared to digestive

drug-free subjects.

Table 2. Orders, directions, and standardized coefficients of association between the 12 upper GI symptoms and 13 background
factors among the 18,097 digestive drug-free subjects.

Factors F1 F2 F3 F4A F4B F5A F5B F6 F7 F8 F9 F10 F11 F12 F13

h) Feeling full
while eating
the meals

4N 2P 1N 10P 7P 3P 8P 5P 9P 6P

0.053 0.088 0.101 0.022 0.041 0.081 0.039 0.051 0.026 0.042

d) Rubbing the
chest with hands

5P 7N 4P 1P 2P 3P 6P 8P

0.038 0.030 0.040 0.087 0.047 0.044 0.031 0.025

e) Feeling sick
after meals

2N 3P 4N 9P 6P 1P 5P 7P 8P

0.094 0.084 0.051 0.035 0.047 0.106 0.050 0.043 0.038

c) Stomach
feeling heavy

4N 2P 3N 9P 10P 7P 1P 5P 6P 8P

0.067 0.082 0.070 0.040 0.028 0.054 0.123 0.063 0.055 0.042

b) Stomach
getting bloated

7N 2P 5N 4P 1P 3P 6P 8P 9P

0.043 0.114 0.061 0.065 0.130 0.069 0.054 0.032 0.022

f) Getting
heartburn
after meals

8P 2P 7P 4N 5P 1P 3P 6P 9P 10P

0.035 0.083 0.037 0.053 0.045 0.103 0.060 0.045 0.032 0.030

a) Getting
heartburn

2P 5P 4N 11N 6P 1P 3P 7P 8P 9P 10P

0.079 0.046 0.055 0.032 0.046 0.104 0.064 0.041 0.035 0.034 0.033

l) Getting
heartburn while
bending over

3P 5P 1P 2P 4P

0.045 0.024 0.077 0.060 0.036

j) Bitter liquid
coming up
to the throat

3N 4P 11P 5N 9N 7P 1P 2P 6P 8P 10P

0.071 0.058 0.023 0.051 0.027 0.034 0.105 0.080 0.046 0.030 0.027

k) Burping a lot 5N 2N 4N 6P 1P 3P 7P

0.036 0.077 0.038 0.031 0.081 0.044 0.028

g) Unusual
sensation
in the throat

6P 3P 1P 2P 4P 8P 5P 7P

0.027 0.044 0.095 0.045 0.033 0.024 0.031 0.026

i) Some thing
getting stuck in
swallowing

2P 3P 6P 1P 4P 5P 7P

0.044 0.043 0.025 0.090 0.034 0.030 0.024

Total 12 upper
GI symptoms

9N 7P 6N 5P 10P 12N 14N 3P 1P 2P 4P 8P 11P 13P

0.034 0.052 0.052 0.056 0.033 0.030 0.025 0.071 0.164 0.090 0.065 0.050 0.033 0.024

Background factors are (F1) age, (F2) female gender, (F3) BMI, (F4A) HP IgG $10 U/ml, (F4B) 10 U/ml.HP IgG $2 U/ml, (F5A) 2$PG I/II, (F5B) 3$PG I/II .2, (F6) use of
NSAIDs, (F7) inadequate sleep, (F8) weight gain in adulthood, (F9) meals immediately prior to sleep, (F10) frequent skipping of breakfast, (F11) lack of habitual exercise,
(F12) alcohol drinking, and (F13) smoking. (F4A) and (F4B) were compared with ‘‘2. HP IgG’’, and (F5A) and (F5B) were compared with ‘‘PG I/II .3’’. Orders of association
among the 13 background factors are shown as the upper integers for the individual 12 symptoms, in which attached ‘‘P’’ and ‘‘N’’ denote positive and negative
association respectively. Standardized coefficients are shown as the lower decimal fractions. The levels of significance in these multivariate analyses were set at ,0.005.
doi:10.1371/journal.pone.0088277.t002
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Compared to the associated background factors of digestive

drug-free subjects, those of PPI users and H2RA users are mostly

similar, particularly for the symptoms of heartburn, acid regurgi-

tation, and fullness while eating categories (Table 3 and 4).

Conversely, associated background factors among gastric acid

suppressant users are somewhat different for the symptoms of

dyspepsia category (p values in Table 3 and 4). In this category,

Table 3. Orders, directions, and standardized coefficients of associations between the 12 upper GI symptoms and 13 background
factors among the 364 PPI users.

Factors p value F1 F2 F3 F4A F4B F5A F5B F6 F7 F8 F9 F10 F11 F12 F13

h) Feeling full
while eating
the
meals

0.3738 1P 2N 3P 4P

0.205 0.200 0.115 0.114

d) Rubbing the
chest with hands

0.0856 5N 2P 4N 3P 1P 6P

0.124 0.154 0.148 0.149 0.223 0.117

e) Feeling sick
after meals

0.1042 1N 3P 2N 4P

0.222 0.185 0.196 0.144

c) Stomach
feeling
heavy

0.0100 2N 1P 3N 4P 5P

0.147 0.218 0.140 0.131 0.112

b) Stomach
getting
bloated

0.0133 2N 1P

0.145 0.195

f) Getting heartburn
after meals

,0.0001* 1P 2P

0.153 0.134

a) Getting heartburn ,0.0001* 1N 2P 4N 3P

0.171 0.134 0.117 0.124

l) Getting heartburn
while bending
over

,0.0001* 1P

0.174

j) Bitter liquid
coming up to
the throat

,0.0001* 2N 3P 1P

0.131 0.120 0.172

k) Burping a lot 0.1720 1N 2P

0.128 0.121

g) Unusual
sensation
in the throat

0.1482 1P

0.174

i) Some thing
getting stuck in
swallowing

0.0027* 2P 1P 3N

0.148 0.187 0.146

Total 12 upper
GI symptoms

,0.0001* 2N 1P 3P 5P 4P

0.177 0.185 0.172 0.138 0.142

Background factors are (F1) age, (F2) female gender, (F3) BMI, (F4A) HP IgG $10 U/ml, (F4B) 10 U/ml.HP IgG $2 U/ml, (F5A) 2$PG I/II, (F5B) 3$PG I/II .2, (F6) use of
NSAIDs, (F7) inadequate sleep, (F8) weight gain in adulthood, (F9) meals immediately prior to sleep, (F10) frequent skipping of breakfast, (F11) lack of habitual exercise,
(F12) alcohol drinking, and (F13) smoking. (F4A) and (F4B) were compared with ‘‘2. HP IgG’’, and (F5A) and (F5B) were compared with ‘‘PG I/II .3’’. Orders of association
among the 13 background factors are shown as the upper integers for the individual 12 symptoms, in which attached ‘‘P’’ and ‘‘N’’ denote positive and negative
association respectively. Standardized coefficients are shown as the lower decimal fractions. The levels of significance in these multivariate analyses were set at ,0.05.
The differences of associated background factors between PPI users and digestive drug-free subjects were calculated; p scores below 0.05 were set for the level of
significance.
doi:10.1371/journal.pone.0088277.t003
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PPI users display similar associated factors to digestive drug-free

subjects, whereas those of H2RA users are considerably different.
Discussion

Overview of Our Proposed Five Upper GI Symptom
Categories and Significantly Associated Background
Factors

For the heartburn category (f and a in Figure 3), strong

associations with the two gastric mucosa-related factors (serum HP

antibody (F4) and serum PG I/II ratio (F5) reflecting atrophic

gastritis) observed in digestive drug-free subjects were for the most

Table 4. Orders, directions, and standardized coefficients of associations between the 12 upper GI symptoms and 13 background
factors among the 528 H2RA users.

Factors p value F1 F2 F3 F4A F4B F5A F5B F6 F7 F8 F9 F10 F11 F12 F13

h) Feeling full
while eating
the meals

0.1676 2P 1N 4N 5P 3P

0.132 0.170 0.100 0.092 0.104

d) Rubbing the
chest with hands

0.0056* 1P 2P

0.123 0.104

e) Feeling sick
after meals

0.2000 3N 1P 2P

0.133 0.220 0.158

c) Stomach feeling
heavy

0.0078* 1P 2N 3P

0.174 0.174 0.170

b) Stomach getting
bloated

0.0043* 4N 2P 3N 1P

0.100 0.138 0.113 0.244

f) Getting heartburn
after meals

,0.0001* 1P

0.155

a) Getting heartburn ,0.0001* 1P

0.190

l) Getting heartburn
while bending over

0.0024* 2N 1P

0.113 0.124

j) Bitter liquid
coming up
to the throat

0.0023* 1P 2P

0.175 0.100

k) Burping a lot 0.0002* 2N 1P

0.112 0.161

g) Unusual sensation
in the throat

0.6368 1P

0.100

i) Some thing
getting stuck
in swallowing

0.0039*

Total 12 upper
GI symptoms

,0.0001* 3N 2P 1P

0.103 0.111 0.247

Background factors are (F1) age, (F2) female gender, (F3) BMI, (F4A) HP IgG $10 U/ml, (F4B) 10 U/ml.HP IgG $2 U/ml, (F5A) 2$PG I/II, (F5B) 3$PG I/II .2, (F6) use of
NSAIDs, (F7) inadequate sleep, (F8) weight gain in adulthood, (F9) dinner just before bedtime, (F10) frequent skipping of breakfast, (F11) lack of habitual exercise, (F12)
alcohol drinking, and (F13) smoking. (F4A) and (F4B) were compared with ‘‘2. HP IgG’’, and (F5A) and (F5B) were compared with ‘‘PG I/II .3’’. Orders of association
among the 13 background factors are shown as the upper integers for the individual 12 symptoms, in which attached ‘‘P’’ and ‘‘N’’ denote positive and negative
association respectively. Standardized coefficients are shown as the lower decimal fractions. The levels of significance in these multivariate analyses were set at ,0.05.
The difference of associated background factors between H2RA users and digestive drug-free subjects were calculated; p scores below 0.05 were set for the level of
significance.
doi:10.1371/journal.pone.0088277.t004
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part not significant in gastric acid suppressant users (Table 2–4).

Associations of the above-mentioned five common factors (F6–

F10) in digestive drug-free subjects were also mostly not significant

in gastric acid suppressant users, except for the strongest lifestyle-

related factor ‘‘inadequate sleep’’ in H2RA users (F7 in Table 4).

Associations of the three basic factors (age, gender, and BMI) for

digestive drug-free subjects are similar to H2RA users and differ

from PPI users (F1–F3 in Table 2–4). As a general rule for this

category, associated background factors of digestive drug-free

subjects and gastric acid suppressant users are completely different,

which is clearly shown in the p values in Table 3 and 4.

For the dyspepsia category (b, c, e, and d in Figure 3),

associations with ‘‘inadequate sleep (F7)’’ and the three basic

factors (F1–F3) are strong in both digestive drug-free subjects and

gastric acid suppressant users (Table 2–4). Marginal associations of

the gastric mucosa-related factors (F3 and F4) in digestive drug-

free subjects and gastric acid suppressant users are also similar to

each other. As a general rule for this category, associated

background factors of digestive drug-free subjects resemble to

those of gastric acid suppressant users. Judging from the p values in

Table 3 and 4, this resemblance is more evident for PPI users

compared with H2RA users.

For the acid regurgitation category (l, j, and k in Figure 3),

associations of the two gastric mucosa-related factors (F4–F5) and

the five common factors (F6–F10) in Table 2 were mostly not

significant in Table 3 and 4, except for ‘‘inadequate sleep (F7)’’ in

H2RA users and ‘‘frequent skipping of breakfast (F10)’’ in PPI

users. As in the heartburn category, associated background factors

of digestive drug-free subjects are considerably different from those

of gastric acid suppressant users. Judging from the p values in

Table 3 and 4, this difference is more obvious in PPI users than

H2RA users, except for the ‘‘burping a lot (k)’’ symptom.

For the pharyngo-upper esophageal discomfort and fullness

while eating categories (g, i, and h in Figure 3), as in the dyspepsia

category, a strong association with ‘‘inadequate sleep’’ is seen in

both digestive drug-free subjects and gastric acid suppressant users

(F7 in Table 2–4). In addition, positive and negative associations

with the three basic factors of fullness while eating category are

quite similar between digestive drug-free subjects and gastric acid

suppressant users (F1–F3 in Table 2–4), which is also similar to the

dyspepsia category to some extent.

Differences of Associated Factors between Digestive
Drug-free Subjects and Gastric Acid Suppressant Users
may be Useful for Studying Appropriate Usages of PPI
and H2RA upon Various Upper GI Symptoms

It is interesting that the background factors of symptoms

belonging to the heartburn and acid regurgitation categories show

statistically differences between digestive drug-free subjects and

gastric acid suppressant users. On the contrary, background

factors of symptoms belonging to the dyspepsia, pharyngo-upper

esophageal discomfort, and fullness while eating categories show

statistically no or small differences. In everyday clinical practice,

the symptoms of heartburn and acid regurgitation tend to be well

controlled with PPI or H2RA, whereas relief of the symptoms of

other three categories tend to be difficult [36,41]. The ease and

difficulty to control each upper GI symptom seems to be related

with similarity and difference of the significant background factors

of each upper GI symptom between the digestive drug-free

subjects and gastric acid suppressant users.

We are convinced that there should be some reason for these

apparently different background factors of each upper GI

symptom between the digestive drug-free subjects and gastric acid

suppressant users. We hope that our finding will be a clue in

elucidating the effects of attenuating gastric acid production or

appropriate usage of PPI and/or H2RA against individual upper

GI symptoms in the future.

Study Limitations and Future Prospects
One limitation of our study is the cross-sectional design. We

were therefore not able to perform accurate analyses of cause and

effect. A second limitation of our study is insufficient data on the

doses and types of gastric acid suppressants. More detailed

information on orally taken PPIs and H2RAs might show more

accurate relationships. A third limitation is possibility of

unpredicted background factors which were not taken into

account. Based on the many previous reports including ours [3],

we selected the possibly important 13 factors, but we cannot deny

the existence of other unknown factors strongly correlated with

upper GI symptoms.

We plan to follow the present study cohort for at least ten years;

the upcoming large-scale prospective analyses will help us confirm

the true causative factors for individual upper GI symptoms. We

believe that the practicability of our proposed categorization of

upper GI symptoms will also be validated together with the time-

course changes of upper GI symptoms and usages of PPI and/or

H2RA. In addition, we are planning to evaluate the influence of H.

pylori eradication [42] on our five upper GI symptom categories,

because some symptom categories have significantly strong

association with H. pylori infection status whereas others do not

(Table 2). As many Japanese people with chronic H. pylori infection

have undergone eradication therapy recently [5,43], the effect of

H. pylori eradication on various upper GI symptoms will become

clear in our next report.

Conclusions

The 12 typical upper gastrointestinal symptoms can be classified

into heartburn, dyspepsia, acid regurgitation, pharyngo-upper

esophageal discomfort, and fullness while eating symptom

categories, which reflects various causative background factors.

Differences between significantly associated factors of digestive

drug-free subjects and digestive drug users may be useful for

studying effects and usages of digestive drugs on various upper

gastrointestinal symptoms.

Supporting Information

Figure S1 Distributions of 12 upper GI symptom scores
in nine age groups and three BMI groups. Respective upper

GI symptom scores (from 0 to 4) are means of the data from

18,097 digestive drug-free subjects.

(TIF)

Figure S2 Distribution of 12 upper GI symptom scores
in regard of 11 background factors. Respective upper GI

scores (from 0 to 4) are means of the data from 18,097 digestive

drug-free subjects.

(TIF)

Table S1 Systemic univariate analyses of associations
between the 12 upper GI symptoms and 13 background
factors among the 18,097 digestive drug-free subjects.
The levels of significance in these univariate analyses were set at

p,0.005. R means the Pearson’s correlation coefficient. Signifi-

cant p-values are emphasized by shades of yellow.

(XLS)
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Table S2 The effect sizes and power for the 13 variables
in the three multivariate analyses concerning the 18,097
digestive drug-free users, 364 PPI users, and 528 H2RA
users.
(XLS)

Acknowledgments

We are grateful to Mr. Minoru Okada, Mr. Masanori Fujiwara, Mr.

Masami Muraoka, and Mr. Koichi Yamashita (Kameda Medical Center

Makuhari, Chiba-shi, Chiba, Japan) for great assistance with establishment

and maintenance of the study database. We also thank Mr. Tetsuo

Tadokoro and his colleagues (SANRITSU Corporation, Chiba-city, Japan)

for assistance in sample transport.

Author Contributions

Conceived and designed the experiments: NY TS YS TM KK. Performed

the experiments: NY TS YS Y. Takahashi SK CN CM SO SM RM IAH

KN MF Y. Tsuji CT HK OG. Analyzed the data: NY TS YS Y.

Takahashi. Contributed reagents/materials/analysis tools: TS TM NY.

Wrote the paper: NY YS Y. Takahashi KK.

References

1. Sobieraj DM, Coleman SM, Coleman CI (2011) US prevalence of upper
gastrointestinal symptoms: a systematic literature review. Am J Manag Care 17:

e449–458.

2. Zagari RM, Fuccio L, Wallander MA, Johansson S, Fiocca R, et al. (2008)
Gastro-oesophageal reflux symptoms, oesophagitis and Barrett’s oesophagus in

the general population: the Loiano-Monghidoro study. Gut 57: 1354–1359.
3. Yamamichi N, Mochizuki S, Asada-Hirayama I, Mikami-Matsuda R,

Shimamoto T, et al. (2012) Lifestyle factors affecting gastroesophageal reflux

disease symptoms: a cross-sectional study of healthy 19864 adults using FSSG
scores. BMC Med 10: 45.

4. Klauser AG, Schindlbeck NE, Muller-Lissner SA (1990) Symptoms in gastro-
oesophageal reflux disease. Lancet 335: 205–208.

5. Minatsuki C, Yamamichi N, Shimamoto T, Kakimoto H, Takahashi Y, et al.
(2013) Background factors of reflux esophagitis and non-erosive reflux disease: a

cross-sectional study of 10,837 subjects in Japan. PLoS One 8: e69891.

6. Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R (2006) The Montreal
definition and classification of gastroesophageal reflux disease: a global evidence-

based consensus. Am J Gastroenterol 101: 1900–1920; quiz 1943.
7. Dominitz JA, Provenzale D (1999) Prevalence of dyspepsia, heartburn, and

peptic ulcer disease in veterans. Am J Gastroenterol 94: 2086–2093.

8. Ronkainen J, Aro P, Storskrubb T, Johansson SE, Lind T, et al. (2005) High
prevalence of gastroesophageal reflux symptoms and esophagitis with or without

symptoms in the general adult Swedish population: a Kalixanda study report.
Scand J Gastroenterol 40: 275–285.

9. El-Serag HB, Talley NJ (2004) Systemic review: the prevalence and clinical
course of functional dyspepsia. Aliment Pharmacol Ther 19: 643–654.

10. Moayyedi P, Delaney BC, Vakil N, Forman D, Talley NJ (2004) The efficacy of

proton pump inhibitors in nonulcer dyspepsia: a systematic review and economic
analysis. Gastroenterology 127: 1329–1337.

11. Tack J, Talley NJ, Camilleri M, Holtmann G, Hu P, et al. (2006) Functional
gastroduodenal disorders. Gastroenterology 130: 1466–1479.

12. Zeng F, Qin W, Liang F, Liu J, Tang Y, et al. (2013) Abnormal resting brain

activity in patients with functional dyspepsia is related to symptom severity.
Gastroenterology 141: 499–506.

13. Zagari RM, Law GR, Fuccio L, Cennamo V, Gilthorpe MS, et al. (2010)
Epidemiology of functional dyspepsia and subgroups in the Italian general

population: an endoscopic study. Gastroenterology 138: 1302–1311.

14. Peterson WL (1990) Pathogenesis and therapy of peptic ulcer disease. J Clin
Gastroenterol 12 Suppl 2: S1–6.

15. Rosenstock S, Kay L, Rosenstock C, Andersen LP, Bonnevie O, et al. (1997)
Relation between Helicobacter pylori infection and gastrointestinal symptoms

and syndromes. Gut 41: 169–176.
16. Aro P, Storskrubb T, Ronkainen J, Bolling-Sternevald E, Engstrand L, et al.

(2006) Peptic ulcer disease in a general adult population: the Kalixanda study: a

random population-based study. Am J Epidemiol 163: 1025–1034.
17. Haag S, Andrews JM, Gapasin J, Gerken G, Keller A, et al. (2011) A 13-nation

population survey of upper gastrointestinal symptoms: prevalence of symptoms
and socioeconomic factors. Aliment Pharmacol Ther 33: 722–729.

18. Hungin AP, Hill C, Raghunath A (2009) Systematic review: frequency and

reasons for consultation for gastro-oesophageal reflux disease and dyspepsia.
Aliment Pharmacol Ther 30: 331–342.

19. Kusano M, Shimoyama Y, Sugimoto S, Kawamura O, Maeda M, et al. (2004)
Development and evaluation of FSSG: frequency scale for the symptoms of

GERD. J Gastroenterol 39: 888–891.
20. Bernersen B, Johnsen R, Straume B (1996) Non-ulcer dyspepsia and peptic

ulcer: the distribution in a population and their relation to risk factors. Gut 38:

822–825.
21. Bernersen B, Johnsen R, Straume B, Burhol PG, Jenssen TG, et al. (1990)

Towards a true prevalence of peptic ulcer: the Sorreisa gastrointestinal disorder
study. Gut 31: 989–992.

22. Jones R, Lydeard S (1989) Prevalence of symptoms of dyspepsia in the

community. BMJ 298: 30–32.

23. Danjo A, Yamaguchi K, Fujimoto K, Saitoh T, Inamori M, et al. (2009)
Comparison of endoscopic findings with symptom assessment systems (FSSG

and QUEST) for gastroesophageal reflux disease in Japanese centres.

J Gastroenterol Hepatol 24: 633–638.
24. Fujinami H, Kudo T, Miyazaki T, Hosokawa A, Mihara H, et al. (2008) The

modified glucose clearance test: a novel non-invasive method for differentiating
non-erosive reflux disease and erosive oesophagitis. Aliment Pharmacol Ther 28:

1259–1264.

25. Hongo M, Miwa H, Kusano M (2011) Effect of rabeprazole treatment on
health-related quality of life and symptoms in patients with reflux esophagitis: a

prospective multicenter observational study in Japan. J Gastroenterol 46: 297–
304.

26. Nagahara A, Asaoka D, Hojo M, Oguro M, Shimada Y, et al. (2010)
Observational comparative trial of the efficacy of proton pump inhibitors versus

histamine-2 receptor antagonists for uninvestigated dyspepsia. J Gastroenterol

Hepatol 25 Suppl 1: S122–128.
27. Carlsson R, Dent J, Bolling-Sternevald E, Johnsson F, Junghard O, et al. (1998)

The usefulness of a structured questionnaire in the assessment of symptomatic
gastroesophageal reflux disease. Scand J Gastroenterol 33: 1023–1029.

28. Zimmerman J (2004) Validation of a brief inventory for diagnosis and

monitoring of symptomatic gastro-oesophageal reflux. Scand J Gastroenterol
39: 212–216.

29. Manterola C, Munoz S, Grande L, Bustos L (2002) Initial validation of a
questionnaire for detecting gastroesophageal reflux disease in epidemiological

settings. J Clin Epidemiol 55: 1041–1045.
30. Yamaji Y, Mitsushima T, Ikuma H, Okamoto M, Yoshida H, et al. (2001)

Inverse background of Helicobacter pylori antibody and pepsinogen in reflux

oesophagitis compared with gastric cancer: analysis of 5732 Japanese subjects.
Gut 49: 335–340.

31. Shimamoto T, Yamamichi N, Kodashima S, Takahashi Y, Fujishiro M, et al.
(2013) No association of coffee consumption with gastric ulcer, duodenal ulcer,

reflux esophagitis, and non-erosive reflux disease: a cross-sectional study of 8,013

healthy subjects in Japan. PLoS One 8: e65996.
32. Sugano K (2009) [Gastroesophageal reflux]. Nihon Shokakibyo Gakkai Zasshi

Suppl Ishokudo Gyakuryusho: 1–119.
33. Moayyedi P, Talley NJ (2006) Gastro-oesophageal reflux disease. Lancet 367:

2086–2100.

34. Zell S, Carmichael JM, Reddy AN (1987) Rational approach to long-term use of
H2-antagonists. Am J Med 82: 796–802.

35. Hunt RH, Malfertheiner P, Yeomans ND, Hawkey CJ, Howden CW (1995)
Critical issues in the pathophysiology and management of peptic ulcer disease.

Eur J Gastroenterol Hepatol 7: 685–699.
36. Lacy BE, Talley NJ, Locke GR, 3rd, Bouras EP, DiBaise JK, et al. (2012)

Review article: current treatment options and management of functional

dyspepsia. Aliment Pharmacol Ther 36: 3–15.
37. Moayyedi P, Soo S, Deeks J, Forman D, Harris A, et al. (2003) Systematic

review: Antacids, H2-receptor antagonists, prokinetics, bismuth and sucralfate
therapy for non-ulcer dyspepsia. Aliment Pharmacol Ther 17: 1215–1227.

38. Talley NJ, Stanghellini V, Heading RC, Koch KL, Malagelada JR, et al. (1999)

Functional gastroduodenal disorders. Gut 45 Suppl 2: II37–42.
39. Kindt S, Tack J (2006) Impaired gastric accommodation and its role in

dyspepsia. Gut 55: 1685–1691.
40. Vaezi MF, Hicks DM, Abelson TI, Richter JE (2003) Laryngeal signs and

symptoms and gastroesophageal reflux disease (GERD): a critical assessment of
cause and effect association. Clin Gastroenterol Hepatol 1: 333–344.

41. Bredenoord AJ, Pandolfino JE, Smout AJ (2013) Gastro-oesophageal reflux

disease. Lancet 381: 1933–1942.
42. Vakil N, Megraud F (2007) Eradication therapy for Helicobacter pylori.

Gastroenterology 133: 985–1001.
43. Takahashi Y, Yamamichi N, Shimamoto T, Mochizuki S, Fujishiro M, et al.

(2013) Helicobacter pylori infection is positively associated with gallstones: a

large-scale cross-sectional study in Japan. J Gastroenterol.

Optimized Categorization of 12 Upper GI Symptoms

PLOS ONE | www.plosone.org 10 February 2014 | Volume 9 | Issue 2 | e88277


