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Background/Aims

Overlap functional gastrointestinal disorder (FGID) is associated with more severe gastrointestinal symptoms and lower quality of
life. The aim of this study is to evaluate clinical features of non-erosive reflux disease (NERD), functional dyspepsia, irritable bowel
syndrome, their overlap in terms of sex and gender, and to assess the risk factors, including genetic polymorphisms.

Methods

A total of 494 FGIDs and 239 controls were prospectively enrolled between 2004 and 2020. FGIDs were diagnosed based on the
Rome Il criteria and symptoms were evaluated using a questionnaire. Follow-up questionnaires were conducted to determine
the change of symptoms during the 75.8-month mean observation period. Risk factors including genetic polymorphisms in
neurotransmitter receptor (SLC6A4 5-HTTLPR, GNB3, ADRA2A, CCKAR, and TRPV1T) and cytokine (TNFA and /L10) genes.

Results

NERD was more prevalent in men, and functional dyspepsia in women. Overlap FGIDs (n = 239) were more prevalent than non-
overlap FGIDs (n = 255) in women (P = 0.019). Anxiety and depression scores were higher in the overlaps (P = 0.012 and P < 0.001,
respectively). Symptoms were more frequent and severe in the overlap FGIDs than in the non-overlaps (P < 0.001). During follow-
up, symptoms progressed more frequently in the overlap FGIDs, especially in patients with the L/S genotype of SLC6A4 5-HTTLPR and
anxiety/depression.

Conclusions

Overlap FGID patients need attention given their association with anxiety/depression and more severe symptoms, especially in women.
Genetic polymorphisms also may be associated with certain symptoms of overlap FGIDs.
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Introduction

Non-erosive reflux disease (NERD), functional dyspepsia
(FD), and irritable bowel syndrome (IBS) are representative
functional gastrointestinal disorders (FGIDs) without clinically
detectable anatomical abnormalities, but elicit chronic and recur-
rent gastrointestinal (GI) symptoms." Although these FGIDs may
manifest alone, 2 or more overlapping cases are common and de-
fined as an overlap syndrome.” Locke et al’ found that 1-8% of the
general population have reported 2 to 3 FGIDs, whereas Choung
et al* found that 17% of the general population have reported more
than 1 FGID. According to a systematic review and meta-analysis,
the prevalence of IBS among FD patients was 37%, which was
significantly higher than that among those without FD (7%)." In
addition, the prevalence of FD in patients with IBS was 29-87%.""

FGID patients have a higher proportion of overlap syndrome
than patients with other types of disorders which are not FGID,""’
suggesting that patients with overlap syndrome visit the hospital
more frequently than those with FD or IBS alone. Patients with
overlap syndrome also reported more frequent and severe GI symp-
toms, more severe depressive symptoms, and lower quality of life
(QoL.) than those with single FGID."" In actual clinical practice,
overlap FGID can be frequently encountered, and it is important
to know the clinical course of overlap FGID because these patients
have severe symptoms and are highly likely to be related to psycho-
social factors without responding to conservative treatment. How-
ever, there have been only few studies on the overlap syndrome'*"’
and on follow-up'®"’; therefore, studies on the characteristics of
patients with overlap syndrome and their associated risk factors are
insufficient.

The various causes of FGIDs include changes in the motor
and sensory nerves of the intestine, psycho-neurological factors,
and changes in the immune system due to infection and allergy.
Recently, gene polymorphisms affecting the pathogenesis of FGIDs
in families or twins were discovered.” Previously, we suggested that
genetic polymorphisms in the serotonin transporter gene-linked
long polymorphic region (SLC6A4 S-HTTLPR) and the alpha
2A adrenergic receptor (ADRA2A) 1291C>G polymorphism are
pathological factors of IBS."” We also identified SLC6A4 5-HT-
TLPR and the 945G >C polymorphism in transient receptor po-
tential ion channel of the vanilloid type 1 (I'RPV1) among Korean
FD patients, particularly those positive for Helicobacter pylori in-
fection.” In addition, S-HTTLPR L/L has been found to be a risk

factor for the co-occurrence of IBS with constipation and FD.”

Moreover, in NERD patients, sensitivity to stress often deter-
mines the expression of symptoms; thus, NERD has been classified
as an FGID and hypothesized to have an etiology different from
that of reflux esophagitis. NERD represents the more common
phenotypic presentation of GERD and comprises of patients who
have typical symptoms without any mucosal breaks at endoscopy.
However, these patients are markedly heterogeneous from a patho-
physiological point of view.”” These groups consist of patients with
esophageal acid exposure (true NERD), normal esophageal acid
exposure but a positive symptom association probability for acid
reflux (acid hypersensitive esophagus), or with normal esophageal
acid exposure and a negative symptom association probability for
any type of reflux (functional heartburn).”* Recently, the Rome
criteria (Rome IV) for functional esophageal disorders, in which
acid hypersensitive esophagus and non-acid hypersensitive esopha-
gus groups have been combined into a new category of reflux
hypersensitivity (RH) that would appear to fit somewhere between
NERD and functional heartburn, has been defined.”** NERD,
FD, and IBS often develop together in siblings, especially in fami-
lies that carry a common genetic polymorphism. However, as the
diagnosis of FGID depends on the patient’s subjective symptoms
rather than clinical objective findings, and its etiology is often com-
plex, studies focusing on the genes mentioned above are few, and
investigation of genes in combination is rare.

Based on this background information, we hypothesized that
the symptoms in overlap FGIDs may be severe and more progres-
sive, and polymorphisms in genes involved in neurotransmission
and cytokines may contribute to this overlap in FGIDs compared
with non-overlap FGIDs. The aim of this study is to analyze the
prevalence of overlap syndromes among NERD, FD, and IBS pa-
tients, to elucidate the differences in their characteristics and symp-
toms, and to determine their risk factors according to their sex and
gender. In addition, we aim to analyze the effect of genetic polymor-
phisms and anxiety/depression on FGIDs depending on whether

they are non-overlap or overlap over a long follow-up period.

Materials and Methods

Study Subjects

Korean subjects were prospectively enrolled at the gastroenter-
ology outpatient clinic of the Seoul National University Bundang
Hospital (SNUBH) between July 2004 and August 2020. The
inclusion criteria were as follows: provision of consent to participate

in the study, aged 18-80 years, and scheduled upper endoscopy
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procedure. Colonoscopy and abdominal imaging studies (eg, ab-
dominal ultrasound or abdominopelvic computed tomography)
were performed with upper endoscopy in the presence of clinical
indications. Healthy control subjects and patients with FGID were
collected as follows: subjects who underwent GI evaluations as a
health check-up or for other problems based on a family history of
gastric or colon cancer were categorized as healthy controls, whereas
those who visited the GI clinic for the evaluation of upper or lower
GI symptoms were classified as cases upon consenting to partici-
pate in this study. This classification of healthy controls and cases
was finally revised in the analysis step of the questionnaire survey.
FExclusion criteria were as follows: history of GI surgery except
appendectomy, inflammatory bowel disease, any malignancy, or sys-
temic diseases requiring chronic medication except for hypertension
and diabetes mellitus; pregnant or lactating women; and patients
with hepatic, biliary, or psychiatric disorders requiring medication.
Subjects were excluded from the study if organic diseases were
found during follow-up endoscopy. The Institutional Review Board
of SNUBH approved this study (B-2006-616-128), and written
informed consent was obtained from all participants. This study
protocol has been registered at Clinical Trials.gov (NCT04712617).

Diagnostic Questionnaire of Functional
Gastrointestinal Disorders and Demographic Data

After enrollment, the subjects received GI endoscopy regularly
and were requested to fill up the Korean Bowel Disease Question-
naire (K-BDQ)"™*" and gastroesophageal reflux questionnaire”**
which included 7 reflux symptom such as heartburn, acid regurgita-
tion, chest pain, hoarseness, globus sensation, cough, and epigastric
soreness whenever they undertook GI endoscopy.

NERD was defined as a typical heartburn occurring at least
once a week without visible esophageal mucosal break, detected us-
ing endoscopy.”” Subjects with minimal changes on endoscopy and
with typical reflux symptoms were also classified as NERD.” A
Korean Rome 111 criteria-based questionnaire translated from the
original K-BDQ containing questions on 56 Gl-related symptoms,
sociodemographic status, medical history, smoking, alcohol habits,
marital status, educational level, and employment status was pre-
pared and validated."”""

FD was diagnosed based on at least 1 of the following symp-
toms: bothersome postprandial fullness, early satiation, epigastric
pain, and epigastric burning.” Absence of any structural diseases
(including on upper endoscopy) that are likely to explain the symp-
toms was required. FD was categorized as postprandial distress

syndrome, epigastric pain syndrome, or mixed subtype based on

Overlap FGIDs and Genetic Polymorphisms

the Rome IIT criteria.”" Postprandial distress syndrome was de-
fined as the presence of meal-induced dyspeptic symptoms such as
postprandial fullness and early satiation. Epigastric pain syndrome
was diagnosed based on the presence of epigastric pain or burning
sensations.””

IBS was defined by recurrent abdominal pain or discomfort
with at least 2 of the following characteristics: relief with defeca-
tion, onset associated with a change in frequency of stool, and onset
associated with a change in form (appearance) of stool.” IBS was
subclassified into IBS with constipation, IBS with diarrhea, mixed
IBS, or unsubtyped IBS, as described previously.”'

Assessment of Functional Gastrointestinal Disorders
Symptoms, Anxiety, Depression, and Quality of Life

Representative GI symptoms were classified according to fre-
quency and severity. Symptom severity was calculated by adding the
severity scores (from 0 to 4: 0, none; 1, mild; 2, moderate; 3, severe;
and 4, very severe) using the K-BDQ."” Stool consistency based on
the Bristol Stool Form Scale™ and number of bowel habits were also
evaluated.

Anxiety and depression were assessed using the Hospital
Anxiety and Depression Scale (HADS).” They were subdivided
into anxiety and depression subscales, both containing 7 items each.
Each response is ranked on a scale from 0 to 3. A higher HADS
score indicates that the subject is more depressive or anxious. A
total score of 8 or more for each subscale indicates potential anxiety

. . 38
disorder or depression.

Genotyping

Genomic DNA from blood samples was isolated using
QIAamp DNA blood mini kit (QIAGEN Inc, Valencia, CA,
USA) following the manufacturer’s instructions, as reported previ-
ously.” To detect the presence of the long (L) or short (S) allele
of the SLC6A4 gene (5-HTTLPR), polymerase chain reaction
(PCR)-based restriction fragment length polymorphism (RFLP)
assay was performed on a Perkin Elmer real time PCR machine
model 9600 (Perkin Elmer, Norwalk, CT, USA) with the forward
primer $’-TCCTCCGCTTTGGCGCCTCTTCC-3’ and re-
verse primer - TGGGGGTTGCAGGGGAGATCCTG-3’.
The 469-bp fragment of the S-HTTLPR polymorphism was
designated “S,” and the 512-bp fragment was designated “L..”
The genotyping of the CCKIR intron-779T>C polymorphism
was also performed using the PCR-RFLP assay with the forward
primer $-CTGTTCACTTGAGGAGCTTTG-3’ and the
reverse primer 5>-TTAGAAGCTGACCTCCAACATGG-3.
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The PCR product was digested using Pstl; the T allele yielded
DNA fragments of 264/480 bp, whereas the C allele, 744 bp.
The G-protein B3 (GNB3) 825C>T, ADRA2A—1291C>G,
cholecystokinin receptor 1 (CCKIR) intron 779T>C, TRPV1

Table 1. Demographic and Baseline Characteristics

945G>C, tumor necrosis factor-o. (TNFA) 308 G>A, and in-
terleukin (IL) 10 592C>A single nucleotide polymorphisms were

determined using S-exonuclease TagMan genotyping assays on
an ABI StepOnePlus Real-Time PCR System, according to the

Variables Ij::::{ NERD only  FD only IBSonly NERD-FD NERD-IBS FD-IBS IIjI];:EBDS_
(n = 239) (n=116) (n=90) (n=49) (n=108) (n=21) (n=751) (n = 59)
Age (yr) 551 =117 57.0 =122 52.5=*=127 46.8 152" 51.3 =13.1 50.5 =10.7 50.9 = 13.6 44.0 = 13.2"
Women 146 (61.1) 44 (37.9)"  68(75.6)"  20(40.8) 68 (63.0) 11(52.4) 35 (68.8) 38 (64.4)
Body mass index (kg/m®) 234 =34 241 %31 222%+33 227+29 227+3.1 233%28 226+3.6 23.0=34
Marriage
Single/divorced/widowed ~ 32(13.7)  15(12.9)  §(8.9) 6(14.0)  18(16.7) 2(9.5) 13 (2550 21(35.6)"
Married 201(86.3) 101(87.1)  82(91.1)  37(86.0)  90(83.3)  19(90.5)  38(74.5) 38 (64.4)
FEducation
Elementary/middle school 34 (16.3) 16 (17.6) 13 (16.7) 1(2.9) 13 (14.1) 4(20.0) 9(23.7)  10(19.2)
High school 44(212)  25(27.5) 30 (38.5) 4(114)  36(39.2) 4(20.0) 9(23.7)  14(26.9)
University 130 (62.5) 50 (54.9)  35(44.9) 30(85.7) 43 (46.7) 12 (60.0) 20(52.6) 28 (53.8)
Job
Employed 109 (52.9)  60(67.4) 31(39.7)  23(65.7)  46(50.5)  15(75.0)  24(57.2) 27 (54.0)
Unemployed 22(10.7)  10(113)  6(7.7) 3(8.6) 7(7.7) 0(0.0) 3(7.1) 4(8.0)
Housewives 75(364)  19(21.3)  41(52.6) 9(25.7)  38(41.8) 5(25.0)  15(357)  19(38.0)
Alcohol (> 35 g/wk) 29(124)  21(18.1)  4(4.4) 6(24.0)  10(9.3) 1(4.8) 12 (23.5) 9(15.3)
Current smoker 11 (4.7) 19(164)  9(10.0) 6(24.0)  15(13.9) 3(14.3) 7(13.7)  10(16.9)
Daily spicy food ingestion 160 (77.7) 73 (73.0) 55(69.6) 27 (75.0) 73 (75.3) 15 (78.9) 26 (65.0) 40 (76.9)
Anxiety HADS score 51 %35 4.6 £ 2.7 79 £5.6 6.0 £33 6.1 3.6 6.7 = 3.1 8.0 £ 3.6 9.0 +3.7"
Depression HADS score 5.3 +3.5 53 +£32 6.9 £29 6.0 £33 7.3 34 97*+12 100=*x3.6 102 % 3.6

‘P < 0.05 compared to control.
"P < 0.05 compared to NERD only group and control.

NERD, non-erosive reflux disease; FD, functional dyspepsia; IBS, irritable bowel syndrome; HADS, hospital anxiety and depression scale.

Data are expressed as mean = SD or n (%).
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Figure 1. Proportions of subjects with functional gastrointestinal disorders (FGIDs) (A) and distribution of FGIDs according to sex (B). The
prevalence of non-erosive reflux disease (NERD) was significantly higher in men and that of functional dyspepsia (FD) was significantly higher
in women. IBS; irritable bowel syndrome. *P < 0.001 compared with women NERD, P < 0.001 compared with men FD. FGID (n = 494),
NERD (n = 304), FD (n = 308), irritable bowel syndrome (IBS) (n = 180), and non-overlap FGIDs (n = 255), overlap FGIDs (n = 239).
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manufacturer’s instructions (Applied Biosystems, Foster City, CA,
USA).**! The predesigned primer and probe sets were ordered
at http://www. appliedbiosystems.com (GNB3 825C>T assay 1D
number: C_ 2184734 10; ADRA2A—1291C>G assay 1D
number: C__ 7611979 _10; TRPV1 945G >C assay ID number:
C__ 1093688 20) and used according to their protocols. The
genotyping results of SLC6A4 S-HTTLPR, GNB3 825C>T,
ADRA2A—1291C>G, CCKIR intron 779T>C, TRPVI
945G>C, TNFA308 G>A, and IL10 592C>A were confirmed
using direct sequencing, with the ABI version 3.1 Sequence Analy-
sis software (Applied Biosystems).

Statistical Methods

Data are expressed as mean (standard deviation or standard
error), geometric mean (95% CI), or percentage. Comparisons
among 3 or more groups were performed using the chi-square test
in categorical variables or analysis of variance (ANOVA) followed

by Bonferroni correction in continuous variables. Two-way repeated

Overlap FGIDs and Genetic Polymorphisms

measures ANOVA was performed to determine whether the symp-
tom scores were different within a group and between groups at
baseline, and at first and second follow-up time points. A post-hoc
Tukey’s test was used to identify the group that showed a difference
when ANOVA showed a significant interaction. Variables with
P < 0.05 in univariate analyses or clinical importance were sub-
jected to multivariate analyses. All statistical tests were 2-tailed. P <
0.05 was considered statistically significant. Statistical analysis was
performed using the SPSS 21.0 statistical package (version 21.0,
IBM, Armonk, NY, USA).

Results

Demographic and Baseline Characteristics
A total of 733 subjects participated in this study (Table 1). The

mean age was 52.7 = 13.1 years, and 430 (58.7%) subjects were
women. A total of 494 subjects were diagnosed with NERD, FD,

Table 2. Clinical Characteristics of Non-overlap and Overlap Functional Gastrointestinal Disorders

Healthy control (a) Non-overlap FGID (b) Overlap FGID (c)

Variables (n = 239) (n = 255) (n = 239) P-value Post-hoc
Age (yr) 551+ 11.7 53.5 % 13.5 49.4 + 133 < 0.001 a>ba>c
Females 146 (61.1) 132 (51.8) 152 (63.6) 0.019 a>bb<c
Body mass index (kg/m®) 234 =34 232 *+32 22.8 =32 0.139
Marriage 0.002 a<cb<c
Single/divorced/widowed 32(13.7) 29 (11.6) 54(22.6)
Married 201 (86.3) 220 (88.4) 185 (77.4)
Fducation 0.125
Elementary/middle school 34 (16.3) 30 (14.7) 59(28.9)
High school 44 (21.2) 115 (56.4) 35 (17.8)
University 130 (62.5) 63 (31.2) 103 (51.0)
Job 0.677
Employed 109 (52.9) 114 (56.4) 19 (9.4)
Unemployed 22 (10.7) 69 (34.2) 112 (55.2)
Housewives 75 (36.4) 14 (6.9) 77 (37.9)
Alcohol (> 35 g/wk) 29 (12.4) 31(13.4) 32 (13.4) 0.939
Current smoker 11(4.7) 34 (14.7) 35 (14.6) < 0.001 a<b,a<c
Daily spicy food ingestion 160 (77.7) 155 (72.1) 154 (74.0) 0.413
Anxiety HADS score 51=*3.5 52+%33 6.2 3.7 0.012 a<cb<c
Men 52=x3.0 51%£29 5729 0.614
Women 5.0x39 5342 8.3+ 4.1 0.011 a<cb<c
Depression HADS score 53+3.5 5.5+32 8.2=*3.6 < 0.001 a<cgb<c
Men 4.9 +2.7 55%32 7.4 £3.2 0.007 a<cb<c
Women 5.7 4.1 5.6 +3.3 9.2 +3.9" 0.001 a<cb<c

‘P = 0.007 compared to men.
"P = 0.056 compared to men.

FGID, functional gastrointestinal disorder; HADS, hospital anxiety and depression scale.
Data are expressed as mean * SD or n (%).
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and/or IBS, including 14.7% NERD-FD, 2.9% NERD-IBS,
7.0% IBS-FD, and 8.0% NERD-FD-IBS 3 overlap; 239 subjects
were identified as healthy controls (Fig. 1A). The prevalence of
NERD was significantly higher in men, whereas that of FD was
significantly higher in women (Fig. 1B). The age of occurrence in
the NERD-FD-IBS group was significantly lower than that in the
control group (P < 0.05) (Table 1). The proportions of single, di-
vorced, and widowed patients were significantly higher in the FD-
IBS (P < 0.05) and NERD-FD-IBS (P < 0.05) groups than in
the control group. Anxiety and depression (HADS) scores were
also significantly higher in the NERD-FD-IBS group (P < 0.05)
than those in the control group (Table 1).

Clinical Characteristics of Non-overlap and Overlap
Functional Gastrointestinal Disorders

The number of non-overlap and overlap FGID subjects was
255 and 239, respectively. The average age of the patients in the
overlap FGID group was lower than that of the non-overlap group
(P < 0.001). The percentage of women in the overlap FGID
group was higher than that in the non-overlap FGID group (P =
0.019), and the percentages of single, divorced, and widowed pa-
tients were higher than those in the healthy controls (P = 0.018)

and non-overlap FGID group (P = 0.002) (Table 2). Anxiety and
depression scores were also higher in the overlap FGID group than
in the healthy control and non-overlap FGID groups (P = 0.012
in anxiety score and P < 0.001, respectively). Anxiety and depres-
sion scores were higher in women in the FGID group (P = 0.007
for anxiety and P = 0.056 for depression) (Table 2).

Frequency and Severity of Gastrointestinal
Symptoms Between Non-overlap and Overlap
Functional Gastrointestinal Disorders

All upper and lower GI symptoms were significantly more fre-
quent in the overlap FGID group than in the non-overlap FGID
group and healthy control group. The severity of upper GI symp-
toms was significantly higher in the overlap FGID group than in
the non-overlap FGID group (P < 0.001) (Table 3).

Genetic Polymorphisms

The G allele and G/G genotype of ADRA2A were signifi-
cantly associated with NERD-FD in both sexes (P = 0.038 in
total, P = 0.048 in men, and P = 0.046 in women). The T allele
of GNB3 825C>T was significantly associated with IBS (P =
0.035), but there were no gender-based differences. The T allele of

Table 3. Frequency and Severity of Gastrointestinal Symptoms Between Non-overlap and Overlap Functional Gastrointestinal Disorders

Healthy Non-overlap Overlap
Variables control (a) FGID (b) FGID (c) P-value Post-hoc
(n = 239) (n = 255) (n = 239)
Upper GI symptoms frequency
Farly satiation 26 (11.2) 51(20.6) 136 (57.1) < 0.001 a<b<c
Postprandial fullness 30(12.9) 83 (33.6) 185 (77.4) < 0.001 a<b<c
Epigastric pain/burning 40 (17.3) 88 (35.5) 169 (71.3) < 0.001 a<b<c
Bloating 31 (13.7) 65 (26.9) 146 (63.2) < 0.001 a<b<c
Nausea 19 (8.3) 31(13.1) 101 (43.2) < 0.001 a<b<c
Vomiting 7(3.1) 10 (4.2) 37 (15.7) < 0.001 a<b<c
Upper GI symptoms severity (5 Likert score [0-4])
Early satiation symptom severity 0.0 £0.1 0.5 *0.1 1.8 0.1 < 0.001 a<b<c
Postprandial fullness symptom severity 0.0 £0.1 0.8 0.1 2.5%0.1 < 0.001 a<b<c
Epigastric pain symptom severity 0.3 +0.1 1.0 £ 0.1 22+0.1 < 0.001 a<b<c
Bloating pain symptom severity 0.3 £0.1 0.7 £0.1 2.0=*0.1 < 0.001 a<b<c
Lower GI symptoms frequency
Less than 3 bowel movements/wk 18 (8.0) 21(8.8) 23 (9.8) 0.803
Hard or lumpy stools 70 (30.0) 93 (37.5) 146 (61.1) < 0.001 a<b<c
Loose or watery stools 54 (23.6) 92 (37.2) 137 (57.6) < 0.001 a<b<c
Defecation straining 53(23.3) 91 (37.4) 144 (60.3) < 0.001 a<b<c
A feeling of incomplete bowel movement 51(43.2) 99 (84.6) 158 (94.6) < 0.001 a<b<c
Urgency 8(3.5) 23 (9.6) 26 (11.1) 0.007 a<b<c

GI, gastrointestinal; FGID, functional gastrointestinal disorder.
Data are expressed as n (%) or mean * SE.
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GNB3 825C>T was also significantly associated with increased especially in women. The A allele of IL.10 §92C> A was associated
susceptibility to NERD-FD-IBS overlap in both men (P = 0.031) with IBS in men (P = 0.009) (Table 4).

and women (P = 0.044). The SLC6A4 S-HTTLPR L/L geno-

type and S allele (P = 0.049) and the SCL6A4 3609A>G G

allele (P = 0.001) were associated with NERD-FD-IBS overlap,

Table 4. Distribution of Genetic Polymorphisms Between Control and Functional Gastrointestinal Disorders

FGID
Genotypes Controls
Total P-value Men P-value® Women P-value”
SL.C6A4 5-HTTLPR NERD-FD-IBS
S/S 92 (70.2) 27 (54.0) 0.049 12 (63.2) 0.681 15 (48.4) 0.024
L/S 35 (26.7) 18 (36.0) 7(36.8) 11 (35.5)
L/L 4(3.1) 5(10.0) 0(0.0) 5(16.1)
SLC6A4 3609A>G NERD-FD-IBS
A/A 187 (89.5) 41(75.9) 0.001 15 (75.0) 0.147 26 (76.5) 0.028
A/G 22 (10.5) 12 (22.2) 5(25.0) 7 (20.6)
G/G 0(0.0) 1(1.9) 0(0.0) 1(2.9)
GNB3 825C>T IBS only
c/C 50 (23.8) 5(12.8) 0.035 2(9.5) 0.269 3(16.7) 0.181
c/T 98 (46.7) 27 (69.3) 15(71.4) 12 (66.7)
T/T 62 (29.5) 7(17.9) 4(19.0) 3(16.7)
GNB3 825C>T NERD-FD-IBS
c/C 50 (23.8) 21 (38.9) 0.043 9 (45.0) 0.031 12 (35.3) 0.044
C/T 98 (46.7) 24 (44.4) 5(25.0) 19 (55.9)
T/T 62 (29.5) 9(16.7) 6 (30.0) 3(8.8)
ADRA2A 1291C>G NERD-FD
c/C 21(9.9) 19 (18.6) 0.038 9 (24.3) 0.048 10 (15.4) 0.046
C/G 98 (46.0) 35(34.3) 16 (43.2) 19 (29.2)
G/G 94 (44.1) 48 (47.1) 12 (32.4) 36 (55.4)
CCKAR intron 779T>C NERD-FD-IBS
/T 113 (51.9) 24 (44.4) 0.429 11(55.0) 0.234 13 (38.2) 0.456
T/C 84 (38.5) 26 (48.1) 9 (45.0) 17 (50.0)
c/C 21(9.6) 4(7.4) 0(0.0) 4(11.8)
TRPV1 945G>C NERD-FD-IBS
G/G 52(24.9) 13 (24.5) 0.295 4(20.0) 0.577 9(27.3) 0.393
G/C 97 (46.4) 30 (56.6) 11 (55.0) 19 (57.6)
c/C 60 (28.7) 10 (18.9) 5(25.0) 5(15.2)
TNFA 308G>A NERD-FD-IBS
G/G 194 (93.3) 24 (80.0) 0.032 11 (78.6) 0.254 13 (81.3) 0.144
G/A 13 (6.3) 6(20.0) 3(21.4) 3(18.8)
A/A 1(0.4) 0(0.0) 0(0.0) 0(0.0)
1110 592C>A IBS only
c/C 29 (13.9) 0(0.0) 0.047 0(0.0) 0.009 0(0.0) 0.653
C/A 86 (41.1) 8 (80.0) 7 (100.0) 1(33.3)
A/A 94 (45.0) 2(20.0) 0(0.0) 2 (66.7)

‘P-values compared to men controls.

"P-values compared to women controls.

FGID, functional gastrointestinal disorder; NERD), non-erosive reflux disease; FD, functional dyspepsia; IBS, irritable bowel syndrome; S-HTTLPR, serotonin
transporter long polymorphic region; GNB3, G-protein 33 gene; ADRAZ2A, alpha 2A adrenergic receptor gene; TRPV1, transient receptor potential ion channel of
the vanilloid type 1; CCKIR, cholecystokinin receptor 1 gene; TNFA, tumor necrosis factor-o. gene; IL, interleukin gene.

Data are expressed as n (%).
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Figure 2. Changes in functional gastrointestinal disorder (FGID) symptoms during the follow-up period. Most FGID symptoms such as epigas-

tric pain (C), bloating (D), loose or watery stool (F), incomplete defecation (H) and urgency (I) improved; however, symptoms of early satiation (A),

postprandial fullness (B), hard or lump stool (E), and defecation straining (G) were aggravated in the overlap FGID group in the second follow-
up visit. Symptoms were analyzed in the follow-up 1 (f/ul) (38.7 = 22.1 months) and follow-up 2 (f/u2) 37.1 * 21.0 months (J) periods.

Changes in Functional Gastrointestinal Disorder
Symptoms From Baseline to Long-term Follow-up
After the initial baseline questionnaire, a follow-up question-
naire (n = 106) was used to determine the occurrence of 4 upper
and 5 lower GI symptoms during the observation period. The

mean period from baseline to the first follow-up (f/ul) was 38.7

152

#+ 22.1 months, and that from the first follow-up to the second
follow-up (f/u2) was 37.1 £ 21.0 months (Fig. 2]). Except for
stool urgency; the intensity of all GI symptoms was more severe in
the overlap FGID group than in the non-overlap FGID group,
even during the follow-up period. During follow-up of the overlap
FGID group, most FGID symptoms improved, such as epigastric
pain (Fig. 2C), bloating (Fig. 2D), loose or watery stools (Fig. 2F),
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Figure 3. Changes in epigastric pain symptom severity according to anxiety and depression during the follow-up period. There were no differences

in symptoms between the non-overlap and overlap functional gastrointestinal disorder (FGID) in anxiety (=) and depression (=) groups (A and

C), however, differences between the non-overlap and overlap FGID were revealed during the follow-up period in anxiety (+) and depression (+)

groups (B and D). There was no change in symptom severity in both non-overlap and overlap FGIDs during the follow-up period in the anxiety

group (B). (+), patients has anxiety or depression; (=), patients has no anxiety or depression; f/u, follow-up.
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Figure 4. Changes in severity of upper gastrointestinal symptoms during the follow-up period according to the serotonin transporter gene-linked

long polymorphic region (SLC6A4 S-HTTLPR) gene polymorphism. Early satiation (A) and postprandial fullness (C) were most severe in pa-
tients with the SLC6A4 S-HTTLPR L/S genotype and were found to worsen. Epigastric pain symptoms (B) in patients with the SLC6A4 5-HT-
TLPR L/L genotype were maintained and did not deteriorate or improve. L, long allele of the SLC6A4 S-HTTLPR gene; S, short allele of the
SLC6A4 5-HTTLPR gene; f/u, follow-up.
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incomplete defecation (Fig. 2H), and urgency (Fig. 21); however,
symptoms of early satiation (Fig. 2A), postprandial fullness (Fig.
2B), hard or lump stool (Fig. 2E), and defecation straining (Fig.
2G) were aggravated.

Among the various symptoms of FGID, epigastric pain was
associated with anxiety and depression (Fig. 3). For patients with
anxiety and depression, differences in symptoms severity between
the non-overlap and overlap FGID groups were clearly revealed at
initial, follow-up 1, and follow-up 2 (P = 0.009 for anxiety and
P = 0.038 for depression) (Fig. 3B and 3D). In addition, there
was no change in symptom severity in both non-overlap and overlap
FGIDs during the follow-up period in the anxiety group (Fig. 3B).

A multivariate analysis was performed to determine whether
genetic polymorphisms affect the development of symptoms. Farly
satiation (Fig. 4A) and postprandial fullness (Fig. 4C) were most
severe in patients with the SLC6A4 S-HTTLPR L/S genotype

and worsened during follow-up. In addition, the epigastric pain
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symptoms in patients with the SLC6A4 S-HTTLPR L/L geno-
type were maintained and did not deteriorate or improve during the
follow-up period (Fig 4B). Multivariate analysis was performed to
determine the relationship between the genetic polymorphism and
overlap syndrome. Farly satiation and epigastric pain symptoms
in the non-overlap FGID group were not related to the SLC6A4
S-HTTLPR genotype. However, in the overlap FGID group, the
L/L. and L/S genotypes showed more severe symptoms than the S/

S genotype (Fig. $).

Discussion

In this study, we found sex/gender differences in FGID, espe-
cially in the overlap group. NERD was significantly more prevalent
in men and FD was more prevalent in women. Overlap FGIDs
were more prevalent than non-overlap FGIDs in women. Anxi-

ety and depression scores were higher in the overlap FGIDs and
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Figure 5. Effect of the serotonin transporter gene-linked long polymorphic region (SLC6A4 S-HTTLPR) gene polymorphism on the severity of

epigastric pain in patients with overlap syndrome. Early satiation and epigastric pain symptoms in the non-overlap functional gastrointestinal disor-
der (FGID) group were not related to the SLC6A4 S-HTTLPR genotype (A, C). In the overlap FGID group, L/L. and L/S genotypes elicited
more severe symptoms than the S/S genotype (B, D). L, long allele of the SLC6A4 S-HTTLPR gene; S, short allele of the SLC6A4 S-HTTLPR

gene; f/u, follow-up.
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FGID symptoms (early satiation, postprandial fullness, and epigas-
tric pain) were more frequent and severe in the overlap FGIDs than
in the non-overlap groups. Symptom progress during long-term
follow-up was more frequently observed in the overlap FGIDs,
especially the 1./S genotype of SLC6A4 S-HTTLPR. Polymor-
phism of IL.10 592C> A was associated with the occurrence of IBS
in men, and SLC6A4 5-HTTLPR was associated with female
NERD-FD-IBS.

In a previous study on the general Korean population, the
dyspepsia-IBS overlap was the most common and overlap FGID
developed at a younger age and was more prevalent in women than
non-overlapping FGIDs.” In another study that analyzed the rela-
tionship between FD, IBS, and reflux esophagitis patients, the odds
ratio of having both FD and IBS was estimated to be 4.4 (95% CI,
1.21-15.71). However, there was no significant association between
age, gender in patients with overlap syndrome.” Lee et al'' found
that, in psychiatric patients, the NERD-FD overlap was the most
common among NERD, FD, IBS, and functional constipation.

Moreover, in our study, anxiety and depression scores were
higher in the overlap FGID group. The frequency and severity
score of various symptoms of FGIDs were higher in the overlap
FGID group than in the control and non-overlapping FGID
groups. Patients with both FD and IBS have been shown to ex-
perience more severe symptoms and worse QoL."™* In another
study, Korean patients with FD-IBS overlap were frequently found
to be depressed and had a poor QoL." Therefore, the authors of
that study suggested that patients with FD-IBS overlap should be
treated for their gastrointestinal symptoms and receive psychiatric
support to improve their QoL and psychological distress."

Psychosocial factors, including stress, play an important role in
the expression of FGID." In addition, when FGID is associated
with mental illness such as depression or anxiety, the symptoms will
be much worse.” In a previous study, the prevalence of depressive
symptoms and anxiety in IBS patients were very high, at 22% and
30%, respectively. Pinto-Sanchez et al*’ reported that, within the
FGID group, a greater number of FGIDs was associated with
a proportional increase in depression and anxiety. Recent animal
studies have proposed a brain-gut-microbiome axis, in which stress
changes the composition of the microbiome, and the microbiota,
in turn, alter metabolism and transmission of brain-derived neuro-
trophic factor, gamma aminobutyric acid, and serotonin, and this
influences depression and anxiety.” Vanugytel et al”” reported that
increased corticotrophin-releasing factor in the event of acute emo-
tional stress alters intestinal permeability via the action of mast cells,

and that corticotrophin-releasing factor and mast cells also affect

Overlap FGIDs and Genetic Polymorphisms

visceral sensitivity”

Very few studies have been conducted on the long-term follow-
up of the overlap syndrome. Similar to our results, as in most obser-
vational studies, FGID symptoms improved during the follow-up
period.’"* This may be related to treatment in any form (medication
or education, etc) or reassurance when visiting a hospital for FGID
symptoms. However, as has already been found, FGID symptoms
are often associated with other factors, especially psychological fac-
tors such as anxiety and depression,”* so that symptoms may not
improve or rather worsen during the follow-up period. In a Belgian
study in which FD patients were followed- up for § years, symp-
toms improved or disappeared in about half of FD patients, and
FD symptoms were associated with anxiety.” In an Australian study
that followed FGID patients for 12 years, FGID symptoms peri-
odically appeared and disappeared and were closely related to anxi-
ety.” Aro et al' performed a 10-year follow-up of Swedish FGID
patients and reported that patients with anxiety at baseline, but not
depression, had a 7.6 fold higher risk of developing FD after 10
years. In the present study, the relationship between anxiety and
FGID was confirmed. In overlap FGID, especially in women, and
in the overlap of NERD-FD-IBS, the anxiety score was high. In
addition, anxiety was associated with epigastric pain, and FGID pa-
tients with anxiety did not show significant symptom improvement
during the follow-up period, indicating that patients with anxiety
did not respond to general FGID treatment, especially in the non-
overlap group.

Genetic studies have suggested that polymorphisms in the se-
rotonin transporter (SERT) gene and the G-protein 33 (GNB3)
C825T gene are associated with FD or IBS. The GNB3 825C>T
polymorphism has been widely evaluated in FD patients.”™* T
IBS patients, the SLC6A4 S-HTTLPR polymorphism has been
well-studied.”™ In the present study, the genetic polymorphisms
of SERT and GNB3 were observed in NERD-FD-IBS overlap
patients and that of the adrenergic receptor gene in NERD-FD

n

patients. The SERT gene plays a role in serotonin reuptake by the
presynaptic terminal. In the presence of genetic polymorphism,
serotonin concentration may rise or fall, thus affecting FGID symp-
toms. The SERT gene was particularly associated with upper GI
symptoms such as early satiation and epigastric pain. Among the
SL.C6A4 5S-HTTLPR gene polymorphism patients, these symp-
toms were the most severe in the L/S genotype. In particular, the
symptoms of epigastric pain in patients with the SLC6A4 S-HT-
TLPR L/L genotype did not improve during the follow-up period,
suggesting that some symptoms affected by genetic polymorphism

may not improve even with appropriate treatment. However, chang-
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es in FGID clinical symptoms during the follow-up period cannot
be explained by genetic polymorphism alone. FGID mechanisms
are diverse, and genetic polymorphism comprises only a small part.
The patients used various drugs during the follow-up period, and
various lifestyle modifications were performed in parallel. How-
ever, in some patients, symptoms improved, while in some patients,
symptoms worsened. In some patients who did not respond to treat-
ment, polymorphism such as the SERT gene may be related with
this prognosis, especially in patients with overlap FGID. However,
it is not easy to determine the role of genetic polymorphism by ex-
cluding a wide variety of influencing factors. Additional research is
needed in the future to clarify this issue.

Our study has several limitations, such as the number of
enrolled patients being relatively small especially for the genetic
polymorphism study. However, among many neurotransmission-
related and cytokine genes, we found that in the presence of the
SLC6A4 S-HTTLPR L/L genotype alone, the symptoms did
not improve during the mean follow-up period of 75.8 months. In
addition, SLC6A4 5-HTTLPR was found to be associated with
female NERD-FD-IBS (P = 0.024) patients. This implies that
even if this cohort was small, SLC6A4 5-HTTLPR L/L seemed
to contribute to female patients with overlap FGIDs. The second
limitation concerns the definition of NERD. Theoretically, NERD
is diagnosed if the 24-hour esophageal pH monitoring is positive
without esophageal damage. However, most enrolled patients did
not undertake this examination mainly because they refused a 24-
hour esophageal pH monitoring. Therefore, clinically, it was dif-
ficult to completely differentiate between NERD and RH. This
implies that the patients with reflux symptoms were a heterogeneous
group.”

Actually, RH describe the cases between NERD and func-
tional heartburn.**** However, if the patient visited with GERD
symptoms and upper endoscopy ruled out ERD, usually the patient
is categorized as NERD simply because we do not know if this
patient is NERD or RH or FH without pH-metry or impedance
study. Thus we followed this concept in the present study.

Third, there were many patients with follow-up loss. For practi-
cal reasons, we received the questionnaire in the endoscopy room
whenever patients underwent endoscopy. In Korea, people aged
> 4( years are recommended to undergo biannual endoscopy at
the National Cancer Control Policy, free of charge. Our hospital
is a tertiary institute where endoscopy is not free of charge; thus,
if the patients’ symptoms disappear, they are less likely to visit the
hospital for endoscopy. However, following these examinations, pa-

tients with organic diseases were excluded from this study, and only

FGID patients were enrolled. Despite these limitations, our study
is comprehensive regarding FGIDs related to genetic polymor-
phisms and questionnaires over long-term follow-up. Fourth, we
could not analyze the effects of drugs such as PP, prokinetics, and
anti-spasmotics, which are basically used for FGID, and various
neuromodulators that can affect not only FGID symptoms, but also
anxiety and depression.

Lastly, since there is no questionnaire to evaluate esophageal
symptoms in K-BDQ, the gastroesophageal reflux questionnaire
was used to and evaluate the follow-up symptoms of GERD.
However, since it is a questionnaire used in some studies and is not
officially validated, it is thought that there are some limitations in
drawing conclusions from the derived results. However, since it is a
questionnaire used in the previous nationwide multi-center study;”
there may not be a significant difference in the interpretation of the
results. In conclusion, patients with overlap FGIDs should be a fo-
cus of attention because they are associated with anxiety/depression
and more severe symptoms, especially women. Genetic polymor-
phisms could also be associated with certain symptoms of overlap
FGIDs. In overlap FGIDs with certain genetic factors, it may sug-
gest reasons why some symptoms are refractory to lifestyle changes

or pharmacological treatment.
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