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Abstract

Background We aimed to clarify the lifestyle factors

associated with erosive esophagitis and non-erosive reflux

disease (NERD) in a Japanese population.

Methods Among 886 subjects who underwent health

screening, we selected, according to their scores on the

FSSG (frequency scale for symptoms of gastroesophageal

reflux disease; GERD) questionnaire and the findings of

upper gastrointestinal endoscopy, 138 subjects with erosive

esophagitis (EE), 148 subjects with NERD (absence of

esophagitis, FSSG score C8, and acid reflux-related

symptoms score C4), and 565 control subjects (absence of

esophagitis and FSSG score B7). We compared clinical

characteristics and various lifestyle factors in these three

groups.

Results The lifestyle factors significantly associated with

NERD compared with findings in the control group were

intake of egg (odds ratio [OR] 1.89, 95 % confidence

interval [CI] 1.01–3.50), sleep shortage (OR 2.44, 95 % CI

1.54–3.88), and strong psychological stress (OR 1.77, 95 %

CI 1.18–2.62). In male subjects, current smoking (OR 2.06,

95 % CI 1.13–3.74; OR 1.87, 95 % CI 1.09–3.20) was a

significant risk factor for both NERD and EE. Moreover,

alcohol[200 kcal/day (OR 3.99, 95 % CI 1.03–15.55) and

intake of a large quantity of food at supper (OR 7.85, 95 %

CI 1.66–37.05) were significant risk factors for EE in

subjects with hiatal hernia. Intake of a large quantity of

food at supper (OR 2.09, 95 % CI 1.06–4.13) was more

common in the NERD group than in the EE group.

Conclusions There were differences in the associated

lifestyle factors between patients with NERD and those

with EE, and there was also a gender-related difference

between these groups.

Keywords Gastroesophageal reflux disease � Erosive

esophagitis � Non-erosive reflux disease � Lifestyle factor �
Risk factor

Introduction

Symptoms of gastroesophageal reflux disease (GERD),

which is well known as a disease that reduces the quality of

life, are among the most frequent health problems in Western

countries [1]. The prevalence of heartburn or acid regurgi-

tation varies between 9 and 42 % depending on the popula-

tion [2, 3]. In Asian countries, including Japan, the prevalence

of GERD has gradually increased [4, 5], and GERD is rec-

ognized as a common gastrointestinal disease [6].

On the basis of the findings of upper gastrointestinal

endoscopy, patients with GERD symptoms are divided into

two categories: those with erosive esophagitis (EE), which

is characterized by endoscopically detectable esophageal

mucosal damage, and those with non-erosive reflux disease

(NERD), in which esophageal mucosal damage is not

observed endoscopically despite the presence of GERD
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symptoms [7]. The results of epidemiologic studies have

suggested that the proportion of patients with NERD

among those with GERD-related symptoms is between 50

and 70 % [7–15]. Differences in clinical features between

EE and NERD have been reported, but there are few

reported studies investigating the differences in lifestyle

factors associated with these differences. Considering that

the effectiveness of proton pump inhibitor (PPI) therapy in

NERD patients is lower than that in EE patients [16–18], it

is important to identify the risk factors that we can control,

such as lifestyle factors. In this study, we aimed to clarify

the lifestyle factors associated with EE and NERD in a

Japanese population.

Methods

Study population

This study included 886 subjects who underwent upper

gastrointestinal endoscopy during health screening at Yo-

dogawa Christian Hospital between May and September

2007 and were asked to complete the frequency scale for

symptoms of GERD (FSSG) questionnaire. Subjects with

the following criteria were excluded from this study: evi-

dence of gastric or duodenal ulcer; history of upper gas-

trointestinal tract surgery; undergoing treatment with a PPI

or histamine type 2-receptor antagonist (H2RA); and evi-

dence of malignancy. We collected and examined patient

data according to the ethics rules of Yodogawa Christian

Hospital.

Frequency scale for symptoms of GERD (FSSG)

questionnaire

The FSSG questionnaire is a self-reported questionnaire for

evaluation of the symptoms of GERD, developed in 2004 by

Kusano et al. [19], and is widely used in Japan. The FSSG

questionnaire consists of the following 12 questions: (1)

‘‘Do you get heartburn?’’ (2) ‘‘Does your stomach get

bloated?’’ (3) ‘‘Does your stomach ever feel heavy after

meals?’’ (4) ‘‘Do you sometimes subconsciously rub your

chest with your hand?’’ (5) ‘‘Do you ever feel sick after

meals?’’ (6) ‘‘Do you get heartburn after meals?’’ (7) ‘‘Do

you have an unusual (e.g., burning) sensation in your

throat?’’ (8) ‘‘Do you feel full while eating meals?’’ (9) ‘‘Do

some things get stuck when you swallow?’’ (10) ‘‘Do you

get bitter liquid (acid) coming up into your throat?’’ (11)

‘‘Do you burp a lot?’’, and (12) ‘‘Do you get heartburn if you

bend over?’’ The subjects answered these questions

according to the frequency of their symptoms as follows:

never = 0, occasionally = 1, sometimes = 2, often = 3,

and always = 4. The total FSSG score was defined as the

score obtained by adding the scores from these 12 questions.

The score obtained by adding the first, fourth, sixth, seventh,

ninth, tenth, and twelfth questions was defined as the score

for acid reflux-related symptoms. The score obtained by

adding the second, third, fifth, eighth, and eleventh ques-

tions was defined as the score for dyspeptic symptoms. It

was reported that the sensitivity and specificity of FSSG for

the diagnosis of GERD were 62 and 59 %, respectively,

when the cut-off score was set at 8 points [19]. In addition, it

has also been reported that there was no difference between

the FSSG and the questionnaire for the diagnosis of reflux

esophagitis (QUEST) assessment systems in sensitivity,

specificity, or accuracy for the diagnosis of GERD [20].

Dietary questionnaire, dietary behavior, mental

and physical stress, and sleep

Dietary intake was assessed using the brief-type self-

administered diet history questionnaire (BDHQ), which is a

simplified version of the DHQ questionnaire (self-admin-

istered diet history questionnaire). The DHQ is a question-

naire developed for the Japanese to examine the intake of

nutrients and food quantitatively [21–25]. Study participants

were asked to estimate their usual frequency of consumption

of various foods (seafood, meat, egg, soybean, fish, vege-

table, fruit, potato, grain, oil and fat, sugar, cake, and

snacks) and beverages (milk, soft drinks, alcohol). It takes

about 15 min to complete the BDHQ. We calculated the

daily average calory intake from various types of food and

beverages using the answers to the BDHQ.

Dietary behaviors were assessed by the following seven

questions: (1) ‘‘Do you have a habit of skipping breakfast

more than three times a week?’’ (2) ‘‘Is the time for your

meals irregular?’’ (3) ‘‘Do you eat a snack after supper

more than three times a week? (4) ‘‘Do you have a habit of

skipping meals?’’ (5) ‘‘Do you have more food at supper

than at breakfast and lunch? (6) ‘‘Do you eat out at supper

more than twice a week?’’ and (7) ‘‘Do you eat lunch from

a convenience store more than twice a week?’’ These

questions were answered with ‘‘Yes’’ or ‘‘No’’.

Questions about psychological and physical stress were

answered according to degree as follows: ‘‘extremely

strong’’, ‘‘strong’’, ‘‘normal’’, ‘‘weak’’, and ‘‘extremely

weak’’. The subjects whose answers were ‘‘extremely strong’’

and ‘‘strong’’ were defined as positive in terms of having

stress.

Sleep was assessed by the following two questions: (1)

‘‘How is your sleep?’’ and (2) ‘‘How many hours do you

sleep on average?’’ The possible answers to the first

question were as follows: ‘‘sleep soundly’’, ‘‘normal’’, and

‘‘sleep shortage’’. The possible answers to the second

question were: ‘‘less than five hours’’, ‘‘between five and

eight hours’’, or ‘‘more than eight hours’’.
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Endoscopic findings

All endoscopic examinations were digitally recorded. A

diagnosis of EE was based on the endoscopic appearance

of a definite mucosal break. Erosive esophagitis was graded

according to the Los Angeles (LA) classification. Hiatal

hernia was diagnosed on the basis of proximal transloca-

tion of the esophagogastric junction of more than 2 cm

above the diaphragmatic hiatus. Atrophic gastritis was

endoscopically diagnosed, and the endoscopic extent of

atrophic mucosa was graded according to the Kimura–

Takemoto classification from C-1 to O-3 [26]. Subjects

with atrophic mucosa graded as C-2, C-3, O-1, O-2, and

O-3 were defined as positive for atrophic gastritis.

Definitions of EE and NERD

Regardless of the FSSG scores, subjects with EE were

defined as the EE group. The EE group was divided into

two subgroups according to the FSSG scores: the symp-

tomatic EE group (subjects with a total FSSG score of

more than eight points) and the asymptomatic EE group

(subjects with a total FSSG score of less than seven points).

Subjects who had no evidence of EE with an FSSG score of

eight points or more and an FSSG score of four points or

more for acid reflux-related symptomswere defined as the

NERD group. Subjects who had no evidence of EE with an

FSSG score of seven points or less were defined as the

Control group.

Statistical analysis

Differences among the three groups (EE group, NERD

group, and Control group) were analyzed by the v2 test for

categorical variables and Student’s t-test for continuous

variables. In multivariate analyses, the variables with

p values of less than 0.1 by the v2 test or Student’s t-test

were used for multiple logistic regression analyses. Sta-

tistical analyses were performed using the STATA/SE

statistical software system version 11 (StataCorp., College

Station, TX, USA). Differences were considered as sig-

nificant when the p value was \0.05.

Results

Clinical characteristics and FSSG scores

of the participants

Of the 886 subjects enrolled in this study, 547 were male

and 339 were female. The mean age was 52.7 years.

The EE group and the Control group consisted of 138

(15.6 %) and 565 (63.7 %) subjects, respectively. The

number of subjects who had no evidence of EE with an

FSSG score of eight points or more was 183 (20.7 %), and

among these subjects, the NERD group (acid reflux-related

symptoms score of more than four points) consisted of 148

(16.7 %) subjects. In the EE group, the numbers of subjects

according to the LA classification were as follows: LA-A

100 (11.3 %), LA-B 33 (3.7 %), and LA-C 5 (0.6 %).

Distributions of the FSSG scores of the EE group and

the non-EE group are shown in Figs. 1 and 2, respectively.

The mean scores of the EE group and the non-EE group

were 6.47 ± 5.00 and 5.08 ± 4.90, and the proportions of

subjects with eight points or more in the EE group and the

non-EE group were 34.1 and 24.5 %, respectively. A score

of zero points was most common in the non-EE group,

whereas four points was most common in the distribution

of the FSSG score in the EE group.

Univariate and multivariate analyses for the factors

associated with NERD

In the univariate analysis, the proportion of subjects with

current smoking was significantly higher in the NERD

group than in the Control group (24.3 vs. 16.3 %,

p \ 0.05) (Table 1).

As for the endoscopic findings, there were no differ-

ences between the NERD group and the Control group

(Table 2).

In regard to food and beverages, the NERD group had a

significantly higher total calorie intake than the Control

group (25.00 points vs. 22.99 points, p \ 0.01). In addition,

compared with the Control group, the NERD group had

significantly higher intakes of meat (1.45 points vs. 1.20

points, p \ 0.01), egg (0.56 points vs. 0.46 points,

p \ 0.01), oil and fat (2.24 points vs. 1.93 points, p \ 0.01),

and milk (1.51 points vs. 1.30 points, p \ 0.05) (Table 3).

Regarding dietary behavior, the NERD group had a

higher proportion of subjects who answered ‘‘yes’’ to the

following three questions than the Control group: ‘‘Is the

time for your meals irregular?’’ (22.3 vs. 15.0 %,

p \ 0.05), ‘‘Do you have more food at supper than at

breakfast and lunch?’’ (69.6 vs. 59.6 %, p \ 0.05), and

‘‘Do you eat out for supper more than twice a week?’’ (25.0

vs. 15.2 %, p \ 0.01) (Table 4).

Table 5 shows the univariate analysis of intergroup

comparisons of psychological stress, physical stress, and

sleep. The NERD group had a significantly higher pro-

portion of subjects who had psychological stress than the

Control group (54.7 vs. 35.6 %, p \ 0.01), but there were

no significant differences in physical stress between the

two groups. The NERD group had a significantly higher

proportion of subjects who experienced sleep shortage than

the Control group (32.4 vs. 14.7 %, p \ 0.01), and there

were significantly more subjects in the NERD group than
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in the Control group whose average sleeping time was less

than 5 h (25.7 vs. 17.2 %, p \ 0.05).

The multivariate analysis revealed that a greater intake

of egg (OR 1.89, 95 % CI 1.01–3.50, p = 0.045), strong

psychological stress (OR 1.77, 95 % CI 1.18–2.62,

p = 0.005), and sleep shortage (OR 2.44, 95 % CI

1.54–3.88, p \ 0.001) were significant risk factors for

NERD (Table 6).

Furthermore, we evaluated risk factors for NERD

separately in male subjects and female subjects.

Fig. 1 Distribution of FSSG

scores in the EE group. The

grades of erosive esophagitis

shown are according to the Los

Angeles classification. FSSG
frequency scale for symptoms

of gastroesophageal reflux

disease (GERD), EE erosive

esophagitis

Fig. 2 Distribution of FSSG

scores in the non-EE group.

FSSG frequency scale for

symptoms of GERD, EE erosive

esophagitis

Table 1 Clinical characteristics

EE

(n = 138)

NERD

(n = 148)

Control

(n = 565)

Symptomatic EE

(n = 47)

Asymptomatic EE

(n = 91)

Age (mean ± SD, years) 52.3 ± 9.5 51.8 ± 10.5 53.2 ± 11.1 52.6 ± 9.8 52.1 ± 8.8

Male [n (%)] 119 (86.2)a 83 (56.1) 328 (58.1) 39 (83.0) 80 (87.9)

BMI (mean ± SD, kg/m2) 24.3 ± 3.2a 22.7 ± 3.5 22.5 ± 3.1 23.8 ± 3.2 24.5 ± 3.2

BMI C25 [n (%)] 54 (39.1)a 27 (18.2) 115 (20.4) 17 (36.2) 37 (40.7)

BMI C30 [n (%)] 5 (3.6) 5 (3.4) 11 (1.9) 1 (2.1) 4 (4.4)

Body fat ratio (mean ± SD, %) 23.5 ± 5.3 23.0 ± 5.9 22.6 ± 5.6 23.5 ± 5.6 23.5 ± 5.2

High body fat ratio, male C25 %, female

C30 % [n (%)]

43 (31.2)a 25 (16.9) 99 (17.5) 14 (29.8) 29 (31.9)

Hypertension [n (%)] 12 (8.7) 16 (10.8) 40 (7.1) 5 (10.6) 7 (7.7)

Diabetes [n (%)] 4 (2.9) 1 (0.7) 15 (2.7) 2 (4.3) 2 (2.2)

Hyperlipidemia [n (%)] 67 (48.6) 58 (39.2) 231 (40.9) 19 (40.4) 48 (52.7)

Current smoking [n (%)] 46 (33.3)b 36 (24.3)c 92 (16.3) 18 (38.3) 28 (30.8)

BMI body mass index, EE erosive esophagitis, NERD non-erosive reflux disease
a p \ 0.01 versus NERD and p \ 0.01 versus Control
b p \ 0.01 versus Control
c p \ 0.05 vs. Control
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Current smoking (OR 2.06, 95 % CI 1.13–3.74,

p = 0.018), total calories (OR 1.08, 95 % CI

1.01–1.16, p = 0.021), having strong psychological

stress (OR 1.77, 95 % CI 1.01–3.11 p = 0.046), and

sleep shortage (OR 2.44, 95 % CI 1.27–4.70,

p = 0.007) were significant risk factors for NERD in

the male subjects. On the other hand, hiatal hernia (OR

7.33, 95 % CI 1.42–37.83, p = 0.017), greater intake

of oil and fat (OR 1.67, 95 % CI 1.06–2.62,

p = 0.027), and sleep shortage (OR 2.38, 95 % CI

1.17–4.84, p = 0.017) were significant risk factors for

NERD in the female subjects (Table 6).

Univariate and multivariate analyses for the factors

associated with EE

In the univariate analysis, the EE group had significantly

more men (86.2 vs. 58.1 %, p \ 0.01), a higher body mass

index (BMI; 24.3 ± 3.2 vs. 22.5 ± 3.1, p \ 0.01), a higher

proportion of subjects with BMI C25 % (39.1 vs. 20.4 %,

p \ 0.01), and a higher proportion of subjects with a high

body fat ratio (31.2 vs. 17.5 %, p \ 0.01) than the Control

group. In addition, the proportion of subjects with current

smoking was significantly higher in the EE group than in

the Control group (33.3 vs. 16.3 %, p \ 0.01) (Table 1).

Table 2 Endoscopic findings

EE (n = 138) NERD (n = 148) Control (n = 565) Symptomatic EE (n = 47) Asymptomatic EE (n = 91)

Atrophic gastritis [n (%)] 16 (11.6)a 80 (54.1) 277 (49.0) 7 (14.9) 9 (9.9)

Hiatal hernia [n (%)] 31 (22.5)a 9 (6.1) 23 (4.1) 10 (21.3) 21 (23.1)

EE erosive esophagitis, NERD non-erosive reflux disease
a p \ 0.01 versus NERD and p \ 0.01 versus Control

Table 3 Food and beverages

EE (n = 138) NERD

(n = 148)

Control

(n = 565)

Symptomatic EE

(n = 47)

Asymptomatic EE

(n = 91)

Total calories (mean ± SD, points/day) 24.69 ± 5.29a 25.00 ± 5.69a 22.99 ± 5.27 25.11 ± 5.24 24.48 ± 5.33

Seafood (mean ± SD, points/day) 0.98 ± 0.67 0.96 ± 0.54 0.90 ± 0.53 1.01 ± 0.67 0.96 ± 0.71

Meat (mean ± SD, points/day) 1.22 ± 0.76 1.45 ± 0.91a 1.20 ± 0.77 1.32 ± 0.84 1.17 ± 0.71

Egg (mean ± SD, points/day) 0.52 ± 0.33b 0.56 ± 0.36a 0.46 ± 0.30 0.54 ± 0.34 0.51 ± 0.32

Soybean (mean ± SD, points/day) 0.99 ± 0.76 1.01 ± 0.72 1.05 ± 0.79 0.83 ± 0.50 1.07 ± 0.85

Fish (mean ± SD, points/day) 0.24 ± 0.21 0.25 ± 0.23 0.27 ± 0.26 0.22 ± 0.16 0.26 ± 0.23

Vegetable (mean ± SD, points/day) 0.65 ± 0.28 0.69 ± 0.24 0.70 ± 0.29 0.65 ± 0.29 0.66 ± 0.27

Fruit (mean ± SD, points/day) 0.47 ± 0.38c 0.64 ± 0.52 0.57 ± 0.49 0.45 ± 0.37 0.48 ± 0.39

Potato (mean ± SD, points/day) 0.22 ± 0.18c 0.31 ± 0.19 0.27 ± 0.21 0.23 ± 0.18 0.22 ± 0.18

Grain (mean ± SD, points/day) 9.92 ± 3.33a 9.26 ± 2.88 9.15 ± 2.99 9.65 ± 3.49 10.06 ± 3.25

Cake and snacks (mean ± SD, points/day) 2.09 ± 1.98d 2.60 ± 2.17 2.35 ± 2.19 1.86 ± 1.87 2.20 ± 2.04

Oil and fat (mean ± SD, points/day) 2.07 ± 0.96 2.24 ± 0.99a 1.93 ± 0.96 2.14 ± 0.85 2.03 ± 1.01

Sugar (mean ± SD, points/day) 0.93 ± 0.37 0.93 ± 0.34 0.93 ± 0.33 0.95 ± 0.36 0.92 ± 0.37

Salt (mean ± SD, g/day) 11.7 ± 1.76 11.7 ± 1.96 11.3 ± 1.81 11.64 ± 1.79 11.70 ± 1.76

Milk (mean ± SD, points/day) 1.25 ± 1.15d 1.51 ± 1.18b 1.30 ± 1.06 1.22 ± 1.38 1.26 ± 1.04

Soft drinks (mean ± SD, points/day) 0.41 ± 0.59 0.41 ± 0.79 0.31 ± 0.61 0.56 ± 0.77f 0.33 ± 0.46

Alcohol (mean ± SD, kcal/day) 218.4 ± 223.2e 152.8 ± 198.5 128.0 ± 175.2 282.6 ± 241.8f 184.9 ± 205.9

Alcohol [200 kcal/day [n (%)] 62 (44.9)e 43 (29.1) 139 (24.6) 26 (55.3) 36 (39.6)

1 point 80 kcal, EE erosive esophagitis, NERD non-erosive reflux disease
a p \ 0.01 versus Control
b p \ 0.05 versus Control
c p \ 0.01 versus NERD and p \ 0.05 versus Control
d p \ 0.05 versus NERD
e p \ 0.01 versus NERD and p \ 0.01 versus Control
f p \ 0.05 versus asymptomatic EE
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As for the endoscopic findings, atrophic gastritis was

less frequently observed in the EE group than in the

Control group (11.6 vs. 49.0 %, p \ 0.01), whereas hiatal

hernia was more frequently observed in the EE group than

in the Control group (22.5 vs. 4.1 %, p \ 0.01) (Table 2).

In regard to food and beverages, the EE group had

significantly higher intakes of total calories (24.69 vs.

22.99 points, p \ 0.01), egg (0.52 vs. 0.46 points,

p \ 0.05), grain (9.92 vs. 9.15 points, p \ 0.01), and

alcohol (218.4 vs. 128.0 kcal/day, p \ 0.01) than the

Control group. On the other hand, the intakes of fruit (0.47

vs. 0.57 points, p \ 0.05) and potato (0.22 vs. 0.27 points,

p \ 0.05) in the EE group were significantly lower than

those in the Control group (Table 3).

Regarding dietary behavior, there were no significant

differences between the EE group and the Control group

(Table 4).

The EE group had a significantly higher proportion of

subjects with psychological stress than the Control group

(47.1 vs. 35.6 %, p \ 0.05). There were no significant

differences in physical stress or in sleep factors between

the two groups (Table 5).

The multivariate analysis revealed that male gender

(OR 4.60, 95 % CI 1.74–12.14, p = 0.002) and hiatal

hernia (OR 4.03, 95 % CI 2.08–7.79, p \ 0.001) were

significant risk factors for EE. In addition, atrophic gastritis

(OR 0.13, 95 % CI 0.07–0.23, p \ 0.001) was found to be

a significant protective factor for EE (Table 7).

Because sex, hiatal hernia, and atrophic gastritis are not

lifestyle factors, we performed sub-classification analysis

to identify the lifestyle factors associated with EE. It was

revealed that current smoking (OR 1.87, 95 % CI

1.09–3.20, p = 0.024) was a significant risk factor for EE

in male subjects. In addition, alcohol consumption of more

than 200 kcal/day (OR 3.99, 95 % CI 1.03–15.5,

p = 0.046) and having more food at supper than at

breakfast and lunch (OR 7.85, 95 % CI 1.66–37.1,

p = 0.009) were significant risk factors for EE in the

Table 4 Dietary behaviors

EE

(n = 138)

NERD

(n = 148)

Control

(n = 565)

Symptomatic EE

(n = 47)

Asymptomatic EE

(n = 91)

Skipping breakfast more than three times

a week [n (%)]

18 (13.0) 18 (12.2) 54 (9.6) 9 (19.1) 9 (9.9)

The time for meals is irregular [n (%)] 23 (16.7) 33 (22.3)b 85 (15.0) 9 (19.1) 14 (15.4)

Eating a snack after supper more than three times

a week [n (%)]

21 (15.2)a 39 (26.4) 109 (19.3) 7 (14.9) 14 (15.4)

Having a habit of skipping a meal [n (%)] 39 (28.3) 37 (25.0) 121 (21.4) 16 (34.0) 23 (25.3)

Having more food at supper than at breakfast

and lunch [n (%)]

78 (56.5)a 103 (69.6)b 337 (59.6) 30 (63.8) 48 (51.6)

Eating out for supper more than twice a week [n (%)] 30 (21.7) 37 (25.0)c 86 (15.2) 14 (29.8) 16 (17.6)

Eating lunch from a convenience store more than

twice a week [n (%)]

31 (22.5) 42 (28.4) 123 (21.8) 12 (25.5) 19 (20.9)

EE erosive esophagitis, NERD non-erosive reflux disease
a p \ 0.05 versus NERD
b p \ 0.05 versus Control
c p \ 0.01 versus Control

Table 5 Psychological stress, physical stress, and sleep

EE

(n = 138)

NERD

(n = 148)

Control

(n = 565)

Symptomatic EE

(n = 47)

Asymptomatic EE

(n = 91)

Having strong psychological stress [n (%)] 65 (47.1)a 81 (54.7)c 201 (35.6) 23 (48.9) 42 (46.2)

Having strong physical stress [n (%)] 4 (2.9) 6 (4.1) 25 (4.4) 1 (2.1) 3 (3.3)

Sleep shortage [n (%)] 25 (18.1)b 48 (32.4)c 84 (14.7) 9 (19.1) 16 (17.6)

Sleeping time B5 h [n (%)] 25 (18.1) 38 (25.7)a 97 (17.2) 9 (19.1) 16 (17.6)

EE erosive esophagitis, NERD non-erosive reflux disease
a p \ 0.05 versus Control
b p \ 0.01 versus NERD
c p \ 0.01 versus Control
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subjects with hiatal hernia (Table 7). Furthermore, in the

multivariate analysis of the risk factors for EE in female

subjects, atrophic gastritis (OR 0.09, 95 % CI 0.02–0.51,

p = 0.006) and a greater intake of cake and snacks (OR

1.00, 95 % CI 1.00–1.01, p = 0.036) were significant

factors associated with EE (Table 7).

Comparison between the symptomatic EE group and the

asymptomatic EE group revealed that the symptomatic EE

group had greater intakes of soft drinks (0.56 vs. 0.33

points, p \ 0.05) and alcohol (282.6 vs. 184.9 kcal/day,

p \ 0.05) than the asymptomatic EE group (Table 3).

No significant lifestyle factor was identified as a risk

for symptomatic EE in the sub-classification analysis

(Table 7).

Comparison between NERD and EE

In the multivariate analysis comparing the NERD group

and the EE group, male gender (OR 0.31, 95 % CI

0.13–0.70, p = 0.005) and hiatal hernia (OR 0.28, 95 % CI

0.10–0.77, p = 0.014) were less common, whereas

atrophic gastritis (OR 15.61, 95 % CI 7.03–34.64,

p \ 0.001) and intake of a larger quantity of food at supper

than at breakfast and lunch (OR 2.09, 95 % CI 1.06–4.13,

p = 0.034) were more common in the NERD group than in

the EE group (Table 8).

Discussion

Various lifestyle factors, such as smoking, alcohol intake,

psychological stress, a high-fat diet, and recumbent posi-

tion after a meal, have been reported to be risk factors for

GERD [27, 28]. However, there are few reports of lifestyle

factors involved in the development of NERD.

In the present study, the EE group and the NERD group

had a higher intake of total calories than the Control group,

a finding which is consistent with previous studies [27, 29].

Our multivariate analysis revealed that the total number of

calories was a significant risk factor for NERD in male

subjects. In addition, the intake of oil and fat was signifi-

cantly higher in the NERD group than in the Control group,

and oil and fat intake was a significant risk factor for

NERD in female subjects.

As for food factors, intake of egg was found to be a risk

factor for NERD in the present study. It is reported that

eating of egg yolk induces an increase in the plasma level

of cholecystokinin (CCK) [30], which is involved in the

occurrence of transient lower esophageal sphincter relax-

ation (TLESR) [31]. This association might be one of the

mechanisms that explain the result that intake of egg was a

risk factor for NERD.

Smoking decreases lower esophageal sphincter (LES)

pressure and affects esophageal defense mechanisms; for

example, by causing reduction of esophageal clearance and

saliva secretion [32–34]. Consistent with previous studies

[34–38], the EE group and the NERD group in the present

study had higher proportions of subjects with smoking

habits than the Control group. In our multivariate analysis,

current smoking was a significant risk factor for both

NERD and EE in male subjects. Nozu and Komiyama. [39]

reported that smoking was an independent factor associated

with asymptomatic esophagitis. However, in the present

study, the proportion of subjects with smoking was some-

what higher in the symptomatic EE group than in the

asymptomatic EE group.

Alcoholic beverages are considered to be associated

with the impairment of primary peristalsis, an increase in

gastric acid secretion, and a decrease in LES pressure [28].

In the present study, the EE group had a significantly

greater alcohol intake than the NERD group and the

Control group. In the multivariate analysis, alcohol con-

sumption of more than 200 kcal/day was a significant risk

factor for EE in subjects with hiatal hernia. In addition, a

greater intake of alcohol was observed in the symptomatic

EE group than in the asymptomatic EE group.

In this study, we investigated the regularity of dietary

behavior by having the subjects respond to a questionnaire.

In the NERD group, there were more subjects who had

meals at irregular times, had a larger quantity of food at

supper, and had a habit of eating out compared with the

Control group. The multivariate analysis revealed that

intake of a large quantity of food at supper was a significant

risk factor for EE in subjects with hiatal hernia. There are

some reports demonstrating that late-evening meals

increase the supine acid reflux [40–42]. There is a

Table 6 Multivariate analysis of the risk factors for NERD

OR 95 % CI p value

Risk factors for NERD

Egg 1.89 1.01–3.50 0.045

Having strong psychological stress 1.77 1.18–2.62 0.005

Sleep shortage 2.44 1.54–3.88 \0.001

Risk factors for NERD in male subjects

Current smoking 2.06 1.13–3.74 0.018

Total calories 1.08 1.01–1.16 0.021

Having strong psychological stress 1.77 1.01–3.11 0.046

Sleep shortage 2.44 1.27–4.70 0.007

Risk factors for NERD in female

subjects

Hiatal hernia 7.33 1.42–37.83 0.017

Oil and fat 1.67 1.06–2.62 0.027

Sleep shortage 2.38 1.17–4.84 0.017

OR odds ratio, CI confidence interval
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possibility that having more food at supper than at break-

fast and lunch might also be associated with an increase of

the supine acid reflux.

In regard to psychological stress, it is reported that

psychosocial stress triggers reflux symptoms in GERD

patients [43] and that the presence of a severe major life

stressor exacerbates reflux symptoms [28, 44]. It is also

reported that response to PPI treatment in GERD patients

may be dependent on the level of psychological distress

[45, 46]. In the present study, the EE group and the NERD

group had higher proportions of subjects who had psy-

chological stress than the Control group, a finding which

was consistent with previous studies. In the multivariate

analysis, psychological stress was a significant risk factor

for NERD, but not for EE.

Recent studies have demonstrated a bidirectional rela-

tionship between sleep and GERD, where night-time reflux

leads to sleep deprivation and sleep deprivation per se can

exacerbate GERD by enhancing the perception of intra-

esophageal stimuli [47]. In our study too, the NERD group

had a significantly higher proportion of subjects whose

average sleeping time was less than 5 h than the Control

group, and sleep shortage was found to be a significant risk

factor for NERD. There was no significant relationship

between sleep shortage and EE, a finding which was con-

sistent with a previous report [48].

Consistent with previous studies on the Japanese popu-

lation [6, 49, 50], the NERD group in the present study had

significantly more females, lower BMI, a higher proportion

of subjects with atrophic gastritis, and a lower proportion

of subjects with hiatal hernia than the EE group.

In addition, intake of a large quantity of food at supper was

found to be a significant risk factor for the NERD group

compared with the EE group. This difference between the

NERD group and the EE group might be due to the fact that

only 35 % of subjects in the EE group were symptomatic.

The proportion of subjects having more food at supper than at

breakfast and lunch in the symptomatic EE group was higher

than that in the asymptomatic EE group (63.8 vs. 52.7 %,

p = 0.21). Intake of a large quantity of food at supper might

be a factor associated with symptomatic GERD.

There are several differences associated with the

development of GERD between the Japanese population

and the Western population. The first difference is that the

prevalence of obesity is lower in the Japanese population

than that in the Western population, although the Japanese

lifestyle, including dietary habits, has been westernized.

Reports from Western countries show that the proportion of

GERD patients with a BMI of more than 25 is 61–75 %

[29, 51]. On the other hand, the proportions of subjects

with a BMI of more than 25 in our EE group and NERD

group were 39.1 and 18.2 %, respectively. Consequently,

the contribution of obesity to the development of GERD

might be relatively small in the Japanese population.

The second difference between Japanese and Western

populations is that the prevalence of Helicobacter pylori

infection and the prevalence of atrophic gastritis that is

caused by H. pylori infection are higher in the Japanese

population than in the Western population. Female gender,

lower BMI, and absence of hiatal hernia were reported to

Table 7 Multivariate analysis of the risk factors for EE

OR 95 % CI p value

Risk factors for EE

Male 4.60 1.74–12.14 0.002

Atrophic gastritis 0.13 0.07–0.23 \0.001

Hiatal hernia 4.03 2.08–7.79 \0.001

Risk factors for EE in male subjects

Current smoking 1.87 1.09–3.20 0.024

Atrophic gastritis 0.11 0.06–0.22 \0.001

Hiatal hernia 4.16 2.06–8.42 \0.001

Risk factors for EE in female subjects

Atrophic gastritis 0.09 0.02–0.51 0.006

Cake and snacks 1.00 1.00–1.01 0.036

Risk factors for EE in subjects without

atrophic gastritis

Age 1.03 1.00–1.05 0.029

Male 2.92 1.48–5.79 0.002

Hiatal hernia 2.53 1.22–5.23 0.012

Risk factors for EE in subjects with

hiatal hernia

Alcohol [200 kcal/day 3.99 1.03–15.55 0.046

Having more food at supper than at

breakfast and lunch

7.85 1.66–37.05 0.009

Risk factors for symptomatic EE

Atrophic gastritis 0.17 0.07–0.41 \0.001

Hiatal hernia 3.46 1.34–8.90 0.01

Risk factors for asymptomatic EE

Male 3.29 1.50–7.22 0.003

Atrophic gastritis 0.12 0.05–0.24 \0.001

Hiatal hernia 4.19 2.03–8.65 \0.001

OR odds ratio, CI confidence interval

Table 8 Comparison between the NERD group and the EE group

ORa 95 % CI p value

Male 0.31 0.13–0.70 0.005

Atrophic gastritis 15.61 7.03–34.64 \0.001

Hiatal hernia 0.28 0.10–0.77 0.014

Having more food at supper than at

breakfast and lunch

2.09 1.06–4.13 0.034

a Odds ratio of NERD over EE

OR odds ratio, CI confidence interval
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be associated with NERD in Western countries [7, 12].

However, there have been no reports demonstrating that

atrophic gastritis is a significant risk factor for NERD.

Atrophic gastritis might be a characteristic of NERD

patients in countries such as Japan in which the prevalence

of H. pylori infection is high.

The third difference between the populations is related

to the length of working hours. It is reported that Japanese

people work longer hours than European people [52]. The

long working hours might be associated with the devel-

opment of psychological stress and sleep disturbance, and

contribute to the development of GERD.

There are some limitations of the present study. First,

the subjects in the NERD group and the EE group were

those who underwent health screening, and not patients

who were receiving medical treatment. Second, the allo-

cation of subjects to the NERD group might change

depending on the definition of NERD. Third, the ques-

tionnaire for psychological stress, physical stress, and sleep

used in this study was simple, and might have been

insufficient. Fourth, the factors identified in this study may

not necessarily be causes of GERD, but rather the results of

GERD. Fifth, in this study we were not able to evaluate the

effects of H. pylori infection or the effects of concomitant

medications such as aspirin, other nonsteroidal anti-

inflammatory drugs (NSAIDs), and Ca-blockers.

In conclusion, there were differences in the associated

lifestyle factors between patients with NERD and those wi-

thEE, and there was also a gender-related difference. The

lifestyle factors associated with NERD were egg intake,

strong psychological stress, and sleep shortage. In male sub-

jects, current smoking was a significant risk factor for both

NERD and EE. Alcohol intake of[200 kcal/day and intake of

a large quantity of food at supper were significant risk factors

for EE in subjects with a hiatal hernia. We consider that

modification of lifestyle factors, such as the amount of food

eaten at supper, psychological stress, and duration of sleep,

might become a form of therapy for GERD patients. Further

studies are necessary to determine whether intervention for

lifestyle factors is effective as treatment in GERD patients.
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