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Background: Functional dyspepsia (FD) refers to a group of upper gastrointestinal syndromes, subdivided into two types:
postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS). The etiology of FD remains unclear;
however, unhealthy dietary habit is one potential underlying cause. We aim to explore the association of poor
dietary habits with FD and its subtypes.

Material/Methods: Avalidated epidemiological questionnaire was designed to investigate dietary habits and gastrointestinal syn-
dromes. Citizens in the Baotun community of Dongguan were invited to complete the study questionnaire. All
participants were asked to undergo a physical examination and a blinded physician interview. The study was
conducted from June 2015 to June 2016. FD was diagnosed using ROME IlI criteria. The association between
investigated dietary habits and dyspeptic symptoms were explored.

Results: There were 1,304 adult residents recruited for the study survey; 165 residents had existing organic dyspepsia
(OD), 203 residents were diagnosed with FD, and the other 936 participants, who were without dyspeptic symp-
toms or functional gastrointestinal diseases, were regarded as the control group. Subtype diagnosis indicated
61 participants had EPS, 66 participants had PDS, and 76 participants had coexisting EPS and PDS. Unhealthy
dietary habits were more prevalent in the FD group than in the control groups (75.86% versus 37.50%; p<0.001).
FD was found to be associated with irregular mealtime, dining out, fatty food, sweet food, and coffee (p<0.05).
The impact of each dietary factor varied with FD subtypes.

Conclusions: Certain types of dietary habits were positively correlated with the prevalence of FD. FD subtypes showed rela-
tively different associations with dietary factors.

MeSH Keywords: Abdominal Pain e Dyspepsia ¢ Food Habits
Abbreviations: FD - functional dyspepsia; FGID - functional gastrointestinal disorder; PDS - postprandial distress syn-
drome; EPS — epigastric pain syndrome; H. pylori — Helicobacter pylori; OD - organic dyspepsia;

OR - odds ratio; CI — confidence interval; NSAIDs — nonsteroidal anti-inflammatory drugs
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Background

Functional dyspepsia (FD) is one of the most common func-
tional gastrointestinal disorders (FGID). The global prevalence
of FD, based on ROME IlI definitions, has been reported to be
5.4-21.9% [1-6]. Based on ROME lll criteria, FD is characterized
by continuous upper gastrointestinal discomforts with no un-
derlying organic or biochemical abnormalities [7]. Predominant
dyspeptic symptoms subdivide FD into two types: postpran-
dial distress syndrome (PDS) and epigastric pain syndrome
(EPS) [8]. In addition, previous clinical observations have found
that EPS and PDS frequently coexisted in FD patients, suggest-
ing that this overlap of types might need to be independent-
ly considered [9]. Regarding the course of disease, FD is not a
life-threatening disease. Patients usually do not initially seek
medical care, but their quality of life will be considerably im-
paired during the development of the disease. Eventually, a
high proportion of patients will seek clinical consultation and
the condition can negatively affect attendance and productiv-
ity in the workplace, posing a high global burden on medical
and social resources [10].

It is generally assumed that FD is a heterogeneous condition
with different underlying mechanisms contributing to the symp-
tom patterns [11,12]. Numerous factors are suspected to in-
duce FD, such as mental pressure, Helicobacter pylori (H. pylo-
ri) infection, and irritable bowel syndrome, as well as diet [8].
Previous studies observed impaired gastric accommodation in
FD patients, which generated abdominal discomfort and pain
by spurring tension-sensitive mechanoreceptors in the prox-
imal stomach [13]. When compared to normal volunteers, FD
patients showed enhanced visceral sensitivity to distension af-
ter a meal [14]. Furthermore, activation of low-grade immune
system response and dysregulation of the gut-brain axis have
also been proposed [15,16]. Still, those relationships have not
been clearly validated. The heterogeneity in both etiology and
pathophysiological mechanisms are likely to affect efficacy of
therapeutic interventions. Thus, for the purpose of identify-
ing an effective solution for FD, studies on the mechanism of
FD development are urgently needed.

As a candidate for inducing FD, diet still lacks systematic re-
search. Dietary factors mainly consist of different food types
(meat, vegetables and soybeans) and different dietary pat-
terns (frequency of daily meals, regular time of meals, and
speed of chewing meals). FD patients frequently complain
that their symptoms are related to or exacerbated by diet, and
that they are able to tolerate only small amounts of food at
one meal [17]. The majority of previous studies found ubig-
uitous food intolerance in FD patients [18-20]. Several food
types and dietary patterns potentially are related to the induc-
tion of FD [18,21]. Studies suggest that diet might play role
in the generation of FD. However, this association has been
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insufficiently verified; numerous studies that investigated di-
etary factors have shown conflicting epidemiology study re-
sults. FD has become an important public health problem all
around the globe. Diet is a potential underlying factor, and is
closely related to daily routines and thus easily accessible as
a medical intervention. Therefore, comprehensive studies on
the association between diet and FD are needed.

The present study was carried out in the Baotun community
of the Houjie township, Dongguan city, Guangdong province,
China. The aim of the study was to increase the understanding
of the link between dyspeptic symptoms and dietary behav-
iors (consumption of certain food types and dietary patterns)
in FD. The initial purpose was to systematically investigate
the prevalence of FD and unhealthy dietary habits within the
Baotun community. A secondary purpose was to explore the
association of certain dietary factors with the prevalence of
FD and its subtypes.

Material and Methods

Ethic statement

This study was approved by the Institutional Review Board
Committee at Sun Yat-Sen Memorial Hospital. Written informed
consent was obtained from each participant before their en-
rollment in the study.

FD symptoms and dietary habits survey

The survey was performed in the Baotun community, Houjie
township, Dongguan city, Guangdong province, China. Our study
initially investigated the prevalence of FD in the local commu-
nity. We also retrospectively investigated the dietary habits of
FD patients. The population data from the local administrative
department affirmed that 1,809 permanent residents lived in
the local community. Residential members enrolled in survey
received detailed evaluation of digestive symptoms and di-
etary habits. Trained data collectors performed face-to-face in-
terviews to obtain the study information. With consent from
participants, detailed medical and medication history were ac-
quired from the local community hospital, from previous med-
ical records, and from clinical consultants. The overall data col-
lection was performed from June 2015 to June 2016.

Questionnaire

The questionnaire was modified from a previous community
study [22]. It consisted of four parts: 1) basic demographics
of the participants: age, gender, native place, and occupation;
2) gastrointestinal symptoms: investigated dyspeptic symp-
toms were modified from ROME Il criteria into the Chinese
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language, including postprandial fullness after regular sized
meal, early satiation following ordinary diet, upper abdominal
pain, and upper abdominal burning. Other common gastroin-
testinal symptoms, reflux and nausea, were also included; 3)
dietary behaviors in the past two months: a) diet patterns (fre-
quency standard: more than three times per week): irregular
mealtime (at least one hour later than the normal meal time:
7: 00-9: 00 for breakfast; 11: 00-13: 00 for lunch; 17: 00-19: 00
for dinner), skipping breakfast (not having meal until 11: 00),
having night snacks constantly (except for dinner; intake ex-
tra meal after dinner), dining out frequently (prefer to have
meal in restaurant rather than cook by oneself); b) preferenc-
es of food (frequency standard: at least three times per week):
having raw food or drinking unboiled water, preferring fatty
food, preferring spicy food, drinking coffee regularly, drinking
tea frequently, and addiction to alcohol; and 4) medical and
medication history within past two months: chronic illnesses
such as hypertension, diabetes, and strokes were included.
Drugs with potential gastrointestinal side effects, such as an-
ti-inflammatory drugs, acid-inhibitory drugs, or other types of
drugs were included. A small scale pilot of the questionnaire
survey was tested in advance to make sure the investigated
sections were popular and easy to understand.

Health data evaluation

All the citizens who finished the questionnaires were subse-
quently invited to a series of clinical tests: 1) clinical consul-
tant: detailed medical history collection and physical exami-
nation were initially implemented; 2) laboratory examinations:
clinical tests consisted of peripheral blood tests (blood glu-
cose, liver and renal biochemical test, serum tumor markers),
routine urine test, and routine fecal examinations (including
obscure bleeding tests, bacteria, and parasite antigens detec-
tion); 3) endoscopy: gastroscope and entreoscope were per-
formed to detect underlying structural or organic diseases in
gastrointestinal tract; 4) imaging tests: abdominal plain film
and abdominal ultrasound inspection were used to evaluate
gastrointestinal tract and urinary system; 5) electrocardiogram:
electrocardiogram was used to screen cardiac diseases which
might confuse the diagnosis of upper gastrointestinal diseas-
es with panel test or Doppler echocardiography conducted if
necessary; 6) noninvasive H. pylori tests: H. pylori antigen de-
tection was introduced to diagnose H. pylori infection; stool
sample was obtained from each subject for the detection of H.
pylori antigen, and the detection kit (Certest, Spain) was used
according to the manufacturer’s instructions.

Enrollment and exclusion criteria
Inclusion and exclusion criteria were applied. Inclusion crite-

ria: all adult citizens (>18 years old) who resided in the Baotun
community for more than two years were recruited into our
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study. Exclusion criteria: 1) residents with unfinished ques-
tionnaires or who denied clinical examination; 2) female par-
ticipants during pregnancy or lactation.

Diagnosis of FD and its subtypes

The diagnosis of FD and its subtypes was based on the ROME
Il criteria [23]. The diagnostic criteria for FD and its subtypes
are displayed in Supplementary Tables 1 and Table 2.

Cases grouping

The feedback on questionnaires, collected medical histories,
and clinical examinations were analyzed. For example, dyspep-
tic participants with organic or structural explanations were
sorted into organic dyspepsia (OD). Except for the OD patients,
participants were classified into two groups: the control group
also referred to as the symptomless participants, in which the
participants had no underlying organic diseases, systematic
illnesses, or FD. The FD group consisted of participants who
satisfied the diagnostic criteria for FD. Participants in the FD
group were further subdivided into three subtype groups (PDS,
EPS, and coexisting PDS and EPS).

Statistical analysis

To identify factors independently associated with dyspepsia,
chi squared tests were used to explore the association of di-
etary factors or demographic variables (age and gender) with
FD and the three subtypes. All dietary and demographic vari-
ables were then included in logistic regression (enter mode,
without any elimination) with FD. Odds ratios (ORs) and 95%
confidence intervals (Cls) were calculated using logistics regres-
sion. Statistical analysis was conducted on SPSS version 20.0
(IBM Corporation, NY, USA). A p value <0.05 was considered
as statistical significance, with all p values being two-tailed.

Results

Basic characteristics of the participants

The survey was conducted from June 2015 to June 2016. Of
the 1,809 residents, 1,536 residents completed the question-
naires with a response rate of 84.91%. With the exception of
the 232 respondents who did not met the study enrollment cri-
teria or refused subsequent research, 1,304 participants were
recruited and received a series of clinical tests. Serial supple-
mentary tests showed 165 participants suffered from dyspep-
tic symptoms with structural or organic explanations and were
diagnosed as OD. There were 936 volunteers who were free of
organic diseases or FD (control group) and 203 patients were
had FD on the basis of diagnosis criteria (FD group). Subtypes
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Table 1. Basic characters of FD group and control group.

- Total Control FD p P p p
h
CharacterEies (n=1139) (n=936) (n=203) Value* Value* Value® Value*
Gender, n (%) 0.816 0.512 0.527 0.635
Male 568 465 103 33 30 40
(49.87) (49.68) (50.74) (54.10) (45.45) (52.63)
571 471 100 28 36 36
Female

Age years, mean (xSD) ’ ’ ’ ’ . : <0.001 0.001 <0.001 <0.001

30 174 135 39 8 13 18
(13.34) (14.42) (19.08) (13.11) (19.7) (23.68)
30-39 411 330 81 20 33 28
(31.52) (35.26) (39.88) (32.79) (50.00) (36.84)
20-49 263 203 60 20 13 27
(20.17) (21.69) (29.48) (32.79) (19.7) (35.53)
50-59 80 66 14 7 5 2
(6.13) (7.05) (6.94) (11.48) (7.58) (2.63)
60-69 63 57 6 4 2 0
(4.83) (6.09) (2.89) (6.56) (3.03) ()
25 24 1 1 0 0
70-79 (1.92) (2.56) (0.58)  (1.64) (0) (0)
~80 123 121 2 1 0 1

(9.43) (12.93) (1.16) (1.64) ©) (1.32)

FD — functional dyspepsia; PDS — postprandial distress syndrome; EPS — epigastric pain syndrome. p Value * Control vs. FD;
# Control vs. EPS; @ Control vs. PDS; & Control vs. EPS and PDS.

analysis found 61 EPS and 66 PDS cases, while 76 patients Table 2. Etiology analysis for the OD patients.
had coexisting EPS and PDS. Demographic data (age distribu-

tion and gender) were analyzed between the control group and Eti Percentage
iology Cases
the FD group. FD patients (38.40+11.03 years) were younger (%)
than symptomless participants (45.85+18.94 years) (p<0.01; Gastrointestinal structural diseases 65 39.39
Table 1). The gender distribution of FD and its subtypes were T
not distinct from the control group (p>0.05; Table 1). PePt'CUIcer ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo 27.27
Duodenal ulcer 36 21.82
Etiology analysis for the dyspeptic patients Gastnculcer """"""""""""""""""" é """""""" 5 45
There were 368 participants who had confirmed dyspeptic =~ Hepatits . 5 3.03
symptoms. Based on clinical consultations and clinical exam- Enteritis 15 9.09
inations, 165 were diagnosed as OD and 203 were diagnosed T
as FD. Detailed etiologic causes for OD are summarized and Systematlcd|seases ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2 1515
displayed in Table 2. Data revealed 65 suffered from gastroin- Cardiac diseases 22 13.33
testinal structural diseases and 25 suffered from existing sys- A nemla """""""""""""""""""""""" 3 """""""" . 82
tematic diseases. Additionally, 75 patients regularly took drugs -
with underlying gastrointestinal side effects: anti-inflammato- Drugs R WEAE
ry drugs and acid-inhibitory drugs. Anti-inflammatory drugs 60 36.36
Acid-inhibitory drugs 24 14.55
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Table 3. Gastrointestinal symptoms in FD subgroups.

Symptom, n (%)
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Upper abdominal pain 56 (91.80)
”””” Upper abdominal burning 8 (1311)
”””” Earlysatiaion 0 (O
”””” Postprandial fullness 0 ()
”””” Regurgitaton 11 (1803
”””” Nausea 7 (148

EPS & PDS
(n=76)

0 ) 70 (92.11) 126  (62.07)
"""" o © 18 (368 26 (128)
""" 8 @24 39 (13) 67 (33.00)
""" 46 (970) 54 (7105) 100 (4926)
""" 12 (818 16 (105 39 (1921)
"""" 5 @ss) 8 (1053 18 (887)

FD - functional dyspepsia; PDS — postprandial distress syndrome; EPS — epigastric pain syndrome.

H. pylori prevalence in enrolled cases

The overall infection rate of H. pyloriwas 55.21% (720/1,304).
Detailed infection rates in the control, FD, and OD groups were
51.92% (486/936), 57.64% (117/203), and 70.91% (117/165),
respectively. Statistical analysis found no significant difference
in infection rates between FD patients and symptomless par-
ticipants (control group) (57.64% versus 51.92%, p=0.142).
Conversely, the prevalence rate in OD patients was distinct-
ly different from the control group (70.91% versus 51.92%,
p<0.001) or FD group (70.91% versus 57.64%, p<0.001). Results
of subgroups analysis were as following: EPS (59.02%, p=0.293
versus control group), PDS (50.00%, p=0.800 versus control
group), and EPS and PDS (63.16%, p=0.073 versus control
group). Hence, subgroup analysis on H. pylori infection was
not conducted for the FD study.

Gastrointestinal symptoms patterns in FD subjects

The detailed occurrences of dyspeptic symptoms for each sub-
type are showed in Table 3. Subtype analysis showed that the
vast majority of EPS patients had upper abdominal pain (91.80%,
59/61) while only a small proportion of them complained about
upper abdominal burning (13.11%, 8/61). More PDS patients suf-
fered from postprandial fullness (69.7%, 46/66) than early sati-
ation (42.42%, 28/66). As for the patients with coexisting PDS
and EPS, the most common symptoms were upper abdominal
pain (92.11%, 70/76) and postprandial fullness (71.05%, 54/76).

General prevalence of poor dietary habits in FD and
Control group

In total, 11 unhealthy dietary habits were investigated in the
survey and found 75.86% of FD patients reported having poor
dietary behaviors. By comparison, 37.50% of participants in the
control group reported unhealthy behavior (p<0.001). From an-
other perspective, the average number of targeted dietary be-
haviors in FD patients and symptomless volunteers were 2.05

and 0.70, respectively (p<0.001). The distribution of each fac-
tor between the control group and the FD group was analy-
sis using the chi-square test (Table 4). All the aforementioned
habits had significant differences between groups except for
the preference for coffee (p=0.609). In line with the association
of FD and diet, subtype analysis found similar positive associ-
ations with diet. However, night snacks and preference for tea
showed no differences in the EPS subgroup (p=0.188 for night
snacks; p=0.153 for tea). Alcohol addiction and tea preference
had no significance difference between the PDS subgroup and
the control group (p=0.112 for alcohol addiction; p=0.097 for
tea). In the third subtype of FD, no statistic differences were
found in skipping breakfast and preference for tea (p=0.084
for skipping breakfast; p=0.076 for tea).

The associations between 13 variables and each digestive symp-
toms were independently analyzed (Figure 1). The results in-
dicated younger age (p=0.003), irregular meal time (p<0.001),
unprocessed food/water (p=0.018), alcohol addiction (p=0.023),
sweet food (p=0.013), and coffee (p=0.048) were risk factors
of upper abdominal pain. Dining irregularly (p=0.011) was the
only factor found significant for upper abdominal burning. Age
(p<0.001 for postprandial fullness; p=0.004 for early satiation),
irregular mealtime (p<0.001 for postprandial fullness; p<0.001
for early satiation), and sweet food (p=0.013 for postprandial
fullness; p<0.001 for early satiation) had statistical significance
in postprandial fullness as well as early satiation. Moreover, night
snacks (p=0.005), fatty food (p=0.003), spicy food (p=0.037), tea
(p=0.021) and coffee (p=0.029) were the independent risk fac-
tors for postprandial fullness. For other dyspeptic symptoms, ir-
regular mealtime (p=0.001), dining out (p=0.002), and fatty food
(p=0.002) gained statistical meaningfulness in reflux symptom.
Night snacks (p=0.044) and spicy food (p=0.004) were found
as the candidates inducing nausea symptom.

Next, the associations with multiple dietary factors and FD
(and its subtypes) occurrence were analyzed (Figure 1). The
analysis found females were more likely to suffer from FD
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Table 4. Dietary patterns in control and FD group.
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Dietary behaviors Control FD EPS

n (%) (n=936) (n=203) (n=61)
Ireuarmeattime (59 (se) (299 (a9 (sop 001 <0001 @00 0o
L €79 (521 G149 (e29 @rop O 018 0001 cmn
e G2y (52 (80 (519 (a1 O 0001 0001 comn
Unprocessedwaterandfood (o) g iy arn gzay 0001 005 o0 omu
ke €09 (o7 @i (r2) (ey O 0001 0001 ooes
e 649 (521 (80 (519 @aey OO 000 0005 comn
Sl 0 sy (ase) (asg Gssy 00 008 00w 000
e 1) (232 (639 (o (sy O 001 onmz oo
e (55:5><1§134> ,,,,,, (?;‘L,,,,,,(,1,9?6,1),,,,,,(,19?5,,3),,,,,,,?i?f(f,,,,,,,?ﬁ,l,?,,,,,,?i??i,,,,,,?i??f,
S 029 (269 (80y (a7 @uop O 008 0001 0m3
Coffee (;214) (2.696) (3.228) (3'33) (2.263) 0.609 0.647 0.660 0.689

FD — functional dyspepsia; PDS — postprandial distress syndrome; EPS — epigastric pain syndrome. p value: * Control vs. FD;

# Control vs. EPS; @ Control vs. PDS; & Control vs. EPS and PDS.

(p=0.035). Residents at a younger age had more chances to
develop FD (p<0.001). Certain unhealthy diet habits, dining ir-
regularly (p<0.001), dining out (p=0.028), preference for fatty
food (p=0.003), preference for sweet food (p<0.001), and pref-
erence for coffee (p=0.010) were indicated as risk factors of FD.
Subtypes analysis showed pattern behavior of dining irregular-
ly (p<0.001), skipping breakfast (p=0.006), addiction to alcohol
(p=0.009), preference for coffee (p=0.024) were more likely to
develop EPS. The development of PDS were gender- and age-
related (p=0.013 for gender; p=0.001 for age). Moreover, irreg-
ular mealtime (p<0.001), dining out (p=0.007), skipping break-
fast (p=0.007), and preference for sweet food (p<0.001) had
positive association with PDS. For the overlap of EPS and PDS,
younger citizens had more chances to suffer from the coexist-
ing subtype (p=0.001). Dining irregularly (p<0.001), fatty food
(p=0.006), spicy food (p=0.008), sweet food (p=0.001) were the
potential candidates for the coexisting EPS and PDS subtype.

Discussion

Dyspepsia is a group of common gastrointestinal syndromes
presenting upper abdominal pain, epigastric burning, early

satiation, post postprandial fullness, and other upper gastro-
duodenal discomforts such as nausea and reflux. From an eti-
ological viewpoint, dyspepsia can be subdivided into two cate-
gories: OD and FD. OD can be caused by benign or malignant
digestive lesions, systematic syndromes, and metabolic dis-
eases, as well as some types of drug use such as anti-inflam-
matory drugs and acid-inhibitory drugs. Conversely, FD is de-
fined by recurrent or persistent symptoms originating in the
gastroduodenal region with no structural or systematic abnor-
malities [8]. Epidemiological studies have indicated that the
prevalence of FD varies from region to region and among dif-
ferent populations. In our survey, the occurrence of FD was es-
timated to be 15.57% (203/1,304) in the local community and
accounted for 55.16% (203/368) of all dyspeptic patients. Our
study discovered that the incidence of FD was slightly higher
than that of OD (15.57% versus 12.65%) among the study en-
rolled residents. For the OD patients, peptic ulcer was the ma-
jor cause of upper gastroduodenal symptoms, which indicated
that prior exclusion of ulcerative diseases would be urgent-
ly required during dyspepsia diagnosis procedures. Moreover,
chronic illnesses, such as cardiac diseases and anemia, could
also be causes of dyspepsia syndromes. Additionally, medica-
tion was taken by 20.38% (75/368) of all dyspeptic patients
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Upper Upper Overlap of
abdominal  abdominal Early  Postprandial Nausea EPSand
pain burming satiation fullnes  Regurgitation and vomin FD EPS PDS PDS

0.359
0.83
(0.55,1.24)

0.512
0.72
(0.27,1.94)

0.138
0.64
(0.42,1.17)

0.175
0.70
(0.42,1.17)

Gender

0.149
0.60
(0.30,1.20)

0.639
1.24
(0.50,3.09)

Age

0.791
1.00
(0.96,1.03)

0.892 0.185 0.537

1.04 2.10 1.28
(0.57,1.93) |(0.70,6.28) | (0.58,2.84)
0.108 0.852 0.076

2,61 0.91 2.02
(0.81,8.41) |(0.34,2.47) | (0.93,4.41)
0.068 0.107 0.782

2.60 1.93 m
(0.93,7.25) |(0.87,4.29) | (0.53,2.33)

Irreqular mealite

Night snacks

Dining out 137
(0.67,2.77)

Unprocessed
Food and water

0.820
1.00
(0.98,1.02)

0.308
1.57
(0.66, 3.74)

0.108
2.04
(0.85,4.89)

0.509

0.82

(0.44,1.50
.00

,1.50)
0.205 0.572
0.98 1
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Figure 1. Logistics analysis between poor dietary habits and dyspepsia. The relationship of interested dietary habits with each
dyspeptic symptom and FD subtypes were explored by binary logistics analysis. The results were noted in cells. In each cell,
the first line were p value followed by OR and 95% CI. A p value <0.05 was considered as statistical significance. Those cells

with positive results were stained with blue strip.

(45.45% in the OD subgroup); medications were referred to
as anti-inflammatory agents and acid-inhibitory drugs but the
specific type of anti-inflammatory drug could not be verified
as many people were unable to provide details. It is well rec-
ognized that nonsteroidal anti-inflammatory drugs (NSAIDs)
are the most common anti-inflammatory agents purchased
over-the-counter in local pharmacies. Similarly, data on specific
types of acid-inhibitory drug could not be collected. However,
these results imply that medication history might have a po-
tential association with dyspepsia. Hence, during clinic con-
sultations with dyspepsia patients, these aforementioned as-
pects should be taken into consideration.

Even though several underlying explanations have been pro-
posed, the origin and progression of FD remains unclear.
Potential explanations include dysmotility and/or hypersensi-
tivity in the upper gastrointestinal tract [24]. H. pylori infection,
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as a common cause of upper gastrointestinal inflammation,
may also be considered. Recently, Vanhee et al. found impaired
intestinal barrier and low-grade inflammation in FD cases [25].
Individuals who had a medical history of acute infectious gastro-
enteritis risk were more likely to develop FD [26]. Nevertheless,
a population-based study concluded that H. pylori infection in
FD patients did not exceed that found in healthy people [27].
In addition, H. pylori eradication only benefited a small pro-
portion of FD patients [28,29]. Although the role of H. pylori in
FD has been mired in controversy, immune mechanisms could
be involved in H. pyloric infection and led to symptoms of dys-
pepsia [30]. Our present study showed slightly higher current
infection rates of H. pyloriin FD patients than in symptomless
volunteers. But this difference was not statistically significant.
Thus, it could not be concluded that H. pyloric infection had an
adverse impact on FD prevalence. Furthermore, the intergroup
analysis showed the H. pylori infection was the risk factor of
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OD compared to the FD group and the control group. In the
future, specific investigations will be needed to probe the cor-
relation between FD and H. pylori infection.

Dietary factors (which were the major concern of the present
study) have been suspected to increase the risk of FD [31].
Previous studies have shown a potential relationship between
gastrointestinal symptoms and certain types of food [32].
Reflecting from the occurrence and average amount of un-
healthy dietary behaviors in our two study groups, our pre-
liminary analysis indicated FD patients performed poorly in
healthy diet behavior than symptomless volunteers. Our de-
tailed investigation focused on certain types of dietary behav-
ior which might influence the prevalence of FD. As aforemen-
tioned, dietary factors discussed in our survey mainly were
composed of dietary patterns and types of food. The com-
monly reported unhealthy dietary patterns of dining irregu-
larly, having night snacks, skipping breakfast, and dining out
frequently were investigated. Numerous food types were re-
ported as potential risk factors for FD-related symptoms. Our
research concentrated on seven types of specific diets: fat-
ty food, spicy food, sweet food, tea, alcohol, coffee, and un-
processed water/food that have been identified in the litera-
ture [19,20,31]. Spicy food, sweet snacks, and fatty food have
been previously suspected as risk factors, while tea and cof-
fee consumption have been reported to have a controversial
relationship with FD [33-35]. Our study found that except for
the preference for coffee, FD patients were more likely to re-
port adverse dietary habits of interest than symptomless in-
dividuals (Table 4). Subsequent multivariate analysis support-
ed the suggestion that irregular mealtime, dining out, intake
of fatty food, sweet food, and preference for coffee were pos-
itively related to the prevalence of FD (Figure 1). Our present
study concluded that unhealthy dietary habits were positive-
ly associated with FD prevalence. However, only several of
the dietary factors were significantly regarded as risk factors.
Moreover, two demographic factors, age and gender, were in-
cluded in the multivariate analysis. FD prevalence was age-re-
lated and women were much more likely to have FD than men;
which was in line with previous reports [33]. The FD prevalent
tendencies based on gender differences have in general been
poorly explored, and the mechanism of inter-gender differenc-
es requires more research.

Single dyspeptic symptoms unfolded different correlations
with targeted dietary habits. Postprandial fullness was more
likely associated with dietary factors. Up to seven of the in-
vestigated dietary behaviors had a positive association with
postprandial fullness. By comparison, upper abdominal burn-
ing was only associated with irregular mealtime. The distinct
differences in these results suggest that each dyspeptic symp-
tom might be differently affected by multiple dietary factors.

CLINICAL RESEARCH

Subtypes analysis of FD showed different symptom patterns
between the three subgroups (Table 3). FD was diagnosed by
predominant dyspeptic symptoms according to ROME Il cri-
teria. We observed that the coexistence of EPS and PDS was
not rare in FD. Patients with this type of coexistence most-
ly complained about upper abdominal pain and postprandial
fullness. Further analyses focused on certain dietary factors in
FD subtypes. Comparing the FD group with its subtypes, we
could find similar results in diet factors (Table 4). FD and its
subtypes tended to behave unhealthier in each of the investi-
gated diet behaviors, except for the preference for coffee. Our
statistical analysis showed irregular mealtime was positive-
ly related to FD and its three subtypes. Night snacks, unpro-
cessed food/water, and tea were not statistically meaningful
in the FD group or any of the subtypes. These results suggest
a similar influence of dietary factors on FD and its subtypes
(Figure 1). However, FD and its subtypes showed differences
in their associations with other dietary habits, suggesting the
possible existence of inter-subtype differences. In order to de-
termine different dietary effects on FD subtypes, further study
of a larger sample capacity is required.

To determine the relationship between dietary habits and FD
prevalence, more epidemiological research is urgently need-
ed. Even though numerous factors may confound the correla-
tions between diet and dyspeptic symptoms, our results sug-
gest that some dietary behaviors are related to the prevalence
of FD. This association needs more research to be validated.
However, in clinical practice, dietary data may be beneficial to
the investigation of dyspepsia.

Conclusions

We found FD commonly occurred in a southern China rural re-
gion. More FD patients had a history of poor dietary behaviors:
dining irregularly, dining out, and preference for fatty food,
sweet food, and coffee. FD subtypes were affected differently
by dietary behaviors. Our research implicated unhealthy dietary
habits as an independent risk factor of FD, although the actual
association requires further epidemiological research. In addi-
tion, clinicians and public health advisers may want to pay at-
tention to the influence of poor dietary habits in cases of FD.
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Supplementary Tables

Supplementary Table 1. Diagnostic criteria for FD.

Diagnostic criteria for FD

1. The symptoms must include (one or more):
a. Bothersome postprandial fullness;
b. Early satiation;
c. Epigastric pain;
d. Epigastric burning;

symptoms fulfilled for the last 3 months and onset at least 6 months before diagnosis.

2. Gastroscope and entreoscope indicated the absence of organic diseases including but not limiting to esophagitis, GERD,
gastrointestinal ulceration, erosion, malignancies and other organic lesions;

3. Without recent drug-intake history, especially those have gastrointestinal side effects;

4. In the absence of abdominal surgery history;

5. No hypertension, diabetes mellitus, mental disorders, autoimmune diseases or other systematic diseases;

6. Laboratory examinations, abdominal ultrasonography or X-ray examination confirmed no organic abdominal diseases that were
related to the liver, gallbladder, pancreas or small intestine.

FD - functional dyspepsia.

Supplementary Table 2. Diagnostic criteria for FD subtypes.

A. Diagnostic criteria for PDS

Must include one or both of the following symptoms
a. Bothersome postprandial fullness induced by ordinary meal several times per week;
b. Early satiation induced by ordinary meal several times per week.
symptoms fulfilled for the last 3 months and onset at least 6 months before diagnosis.
Supportive criteria
Upper abdominal bloating or postprandial nausea or excessive belching can be present.

B. Diagnostic criteria for EPS

Must include one or both of the following symptoms
a. Moderate degree pain or burning centered in the upper abdominal at least once per week;
b. The pain is intermittent;
c. Pain or burning are not originated from other abdominal or chest regions;
d. Defecation or passage of flatus cannot relieve symptoms;
e. Unsatisfied the criteria for gallbladder and sphincter of Oddi’s disorders.
Supportive criteria
1. The pain may be of a burning quality but without a substernal component
2. The pain is commonly induced or relieved by ingestion of a meal but may occur while fasting

C. Diagnostic criteria for coexistence of EPS and PDS

Subjects fulfilled both PDS and EPS subtype criteria would be taken as overlap of EPS and PDS.

FD — functional dyspepsia; PDS — postprandial distress syndrome; EPS — epigastric pain syndrome.
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