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INTRODUCTION: Functional dyspepsia (FD), a disorder of gut-brain interaction defined by Rome IV criteria, overlaps
frequently with irritable bowel syndrome (IBS) and reflux symptoms. Overlapping gastrointestinal (GI) 
disorders are associated with more psychological comorbidities and decreased quality of life, but data 
on physiological parameters in overlapping syndromes are scarce. The aim of this study was to evaluate 
the impact of overlapping disorders and FD subtypes on psychological and GI symptoms, as well as 
relevant physiological outcomes.
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METHODS: In total, 202 patients with predominant Rome IV FD symptoms and overlapping IBS and/or reflux were 
pooled from 7 studies conducted at University Hospitals Leuven. GI and psychological symptoms, as 
well as GI-related quality of life were recorded. Physiological measurements included salivary cortisol, 
gastric emptying, systemic and duodenal immune activation, and duodenal permeability.

RESULTS: GI (Patient Assessment of Upper GI Symptom Severity and Leuven Postprandial Distress Scale [P < 
0.0001]) and psychological (anxiety [P 5 0.0014], depression [P 5 0.0017] and extraintestinal 
somatic symptoms [P < 0.0001]) were more pronounced in FD with overlapping disorders, whereas all 
physiological parameters were similar. Patients with epigastric pain syndrome reported a milder 
symptom pattern compared with other FD subtypes, with similar physiological alterations. Duodenal 
eosinophils were associated with anxiety in FD, independent of overlapping GI disorders or subtype (P 5 
0.043).

DISCUSSION: The common overlap between FD, IBS, and reflux is characterized by a high GI-specific, psychological, 
and somatic symptom burden. By contrast, key pathophysiological parameters were not different 
between FD with and without overlapping disorders or between FD subtypes. Central integration of 
multiple GI manifestations rather than more severely impaired peripheral alterations is more likely to 
explain the high symptom burden in overlapping disorders.
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gastrointestinal; hsCRP, high-sensitivity C-reactive protein; IBS, irritable bowel syndrome; LPDS, Leuven Postprandial Distress Scale; 
PAGI-SYM, Patient Assessment of Upper GI Symptom Severity; PDS, postprandial distress syndrome; PHQ, Patient Health Questionnaire; 
PSS, Perceived Stress Scale; QoL, quality of life; TEER, transepithelial electrical resistance; VSI, Visceral Sensitivity Index
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INTRODUCTION
Disorders of gut-brain interaction (DGBI) are highly prevalent. 
More than 40% of the global population was estimated to meet 
diagnostic criteria for 1 or more DGBI (1). Within DGBI, func-
tional dyspepsia (FD) and irritable bowel syndrome (IBS) are 
among the most frequent syndromes with an estimated world-
wide prevalence of 7.2% and 4.1%, respectively (1). Per the Rome 
IV definitions, FD and IBS are distinct entities (2), although both 
disorders overlap in more than half of the patients in clinical 
practice (3,4). In addition, FD overlaps with gastroesophageal 
reflux symptoms in more than a third of the patients (5). On 
a global level, one-third of all patients with a DGBI are thought to 
have 2 or more overlapping disorders (6), which was confirmed 
by a recent meta-analysis including 46 studies (7). Collectively, 
these data accentuate the high prevalence of overlapping gas-
trointestinal (GI) disorders in the general population.

The pathophysiology of FD is complex and likely multifac-
torial, with mucosal barrier dysfunction, local or systemic im-
mune activation, delayed gastric emptying (GE), and persisting 
stress responses being implicated in the pathophysiology of this 
condition (8). Despite associations between these alterations and 
specific FD or IBS symptoms (9–14), it remains unclear to what 
extent mucosal or systemic alterations in FD also contribute to 
overlapping GI disorders. In addition, impaired local or central 
nervous pathways related to pain sensing and processing in-
cluding visceral hypersensitivity, or coexisting psychiatric dis-
orders, may be involved in individual or overlapping 
DGBI—either as primary mechanisms or indirectly by influ-
encing the perception of peripheral alterations (15,16).

Consequently, managing patients with multiple overlapping GI 
disorders remains challenging and requires special attention from 
healthcare providers (17).

Overlapping GI disorders have consistently been associated 
with increased psychosocial comorbidities and decreased quality 
of life (7,18). Besides psychological distress, an increasing number 
of regions affected by DGBIs was associated to increased sever-
ity of IBS-specific symptoms in the recent Rome Global Epide-
miology study (6). However, no validated FD severity 
questionnaire or virtually any other upper GI-specific metrics 
were included in this study. In addition, these questionnaire-
based studies only reported on symptom data, whereas the con-
tribution of physiological alterations to overlapping GI disorders 
remains largely unexplored.

Psychological distress can compromise the intestinal barrier 
and GI motility, and may be linked to duodenal eosinophilia 
(19–21). However, it is unclear how the worsened psychological 
status in patients with multiple GI syndromes potentially trans-
lates into distinct physiological alterations, which can charac-
terize the pathophysiology of overlapping GI symptom patterns. 
Besides, duodenal immune activation has been linked primarily 
with the postprandial distress syndrome (PDS) subtype of FD as 
opposed to the epigastric pain syndrome (EPS) subtype 
(10,22,23), which may be related to the psychological burden of 
the subtype rather than its underlying pathophysiology.

We hypothesized that FD patients with overlapping GI dis-
orders are not only characterized by a more severe symptom-
atology but also with more pronounced pathophysiological 
manifestations. Therefore, we aimed to assess peripheral
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physiological alterations in addition to the GI, extraintestinal so-
matic and psychological symptom burden in well-characterized 
patients with predominant Rome IV FD symptoms with or without 
the common overlap with IBS and gastroesophageal reflux symp-
toms. In addition, we explored differences in both symptomatology 
and physiology between the different FD subtypes. Last, we aimed 
to confirm the previously suggested link between duodenal eosi-
nophils and psychological symptoms and evaluate the contribution 
of overlapping GI disorders or FD symptoms to this proposed 
association.

METHODS

Study participants
Data of 243 baseline visits from patients with Rome IV FD across 
7 investigator-initiated studies conducted at University Hospitals 
Leuven were extracted. The primary results of 2 studies in-
vestigating the effects of medicinal products for the treatment of 
FD have already been published (11,24). The aim of two other 
studies was to evaluate the effects of medicinal products, whereas 
the remaining 3 studies examined the effects of specific diets for 
FD. The primary intervention-related results of these studies will 
be published separately. Only records from a single study visit 
were retained in case patients participated in multiple studies, 
based on the study visit where most data were collected, priori-
tizing physiological parameters over questionnaire data. After 
exclusion of 41 redundant entries derived from the same patients, 
data of 202 unique individuals were pooled.

Diagnosis of concomitant IBS symptoms was based on Rome 
IV criteria, whereas diagnosis of overlapping reflux symptoms 
required $2 days per week with heartburn symptoms or

a ReQuest acid complaint score of $2 (25) in the absence of 
pH monitoring, in accordance with a previous study (18). De-
termination of FD symptoms being the predominant disorder 
was judged by the clinical researcher (MD) of the individual 
studies at the time of inclusion. Participants were men or women 
aged 18–75 years.

Exclusion criteria were the presence of active metabolic, in-
flammatory, or psychiatric conditions; Helicobacter pylori 
infection; use of immunosuppressants or nonsteroidal anti-
inflammatory drugs at the time of inclusion; and pregnancy or 
lactation. Proton-pump inhibitor (PPI) use was recorded for all 
patients. All participants gave written informed consent before 
inclusion. Ethical approval was provided for all studies by the 
University Hospitals Leuven Research Ethics Committee 
(S60953, S61692, S62043, S63494, S64807, S65406, S65735).

Data collection
The following psychological (GI-specific and general) and so-
matic symptom questionnaire data were extracted: Leuven 
Postprandial Distress Scale (LPDS), including the (bi)weekly 
average of the validated postprandial distress segment (post-
prandial fullness, early satiety, and bloating questions; LPDS-
PDS) (26), as well as the complete LPDS questionnaire (11 
questions) (n 5 186, 92%); Patient Assessment of Upper GI 
Symptom Severity (PAGI-SYM), including its subdomains 
nausea/vomiting, postprandial distress (postprandial fullness and 
early satiation), bloating, upper abdominal pain, lower abdominal 
pain, and heartburn/regurgitation (n 5 195, 97%); Patient As-
sessment of Upper GI Quality of Life (PAGI-QoL) (n 5 87, 43%); 
Generalized Anxiety Disorder-7 questionnaire (anxiety) (n 5

Table 1. Origin of missing data in the pooled analysis

Variable Studies including the variable Missingness by design, n (%) Random missingness, n (%)

Symptom measures

General GI symptoms (LPDS) 7/7 0/202 (0) 16/202 (8)

Upper GI specific symptoms (PAGI-SYM) 7/7 0/202 (0) 7/202 (3)

GI-related quality of life (PAGI-QoL) 3/7 104/202 (51) 11/98 (11)

Anxiety (GAD7) 5/7 54/202 (27) 19/148 (13)

Perceived stress (PSS) 2/7 123/202 (61) 13/79 (16)

Despression (PHQ9) 6/7 24/202 (12) 19/178 (11)

Extraintestinal symptoms (PHQ12) 6/7 40/202 (20) 22/162 (14)

GI-specific anxiety (VSI) 4/7 94/202 (47) 2/108 (2)

Physiological parameters

Cortisol awakening response 4/7 59/202 (29) 13/143 (9)

Transepithelial electrical resistance 5/7 64/202 (32) 10/138 (7)

Paracellular passage (FITC-dx4) 4/7 78/202 (39) 19/124 (15)

Gastric emptying half-time 4/7 78/202 (39) 31/124 (25)

Plasma C-reactive protein (hsCRP) 4/7 73/202 (36) 3/129 (2)

Histological eosinophil counts 3/7 118/202 (58) 21/84 (25)

Histological mast cell counts 3/7 118/202 (58) 22/84 (26)

FD, functional dyspepsia; FITC-dx4, fluorescein isothiocyanate 4 kD-dextran; GAD, generalized anxiety disorder; hsCRP, high-sensitivity C-reactive protein; LPDS, Leuven 
Postprandial Distress Scale; PAGI-SYM, Patient Assessment of Upper GI Symptom Severity; PDS, postprandial distress syndrome; PHQ, Patient Health Questionnaire; PSS, 
Perceived Stress Scale; QoL, quality of life; VSI, Visceral Sensitivity Index.
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129, 64%); Perceived Stress Scale (stress) (n 5 66, 33%); Patient 
Health Questionnaire-9 (PHQ9, depression) (n 5 159, 79%); 
shortened PHQ15 excluding GI-specific questions (27) (PHQ12, 
extraintestinal somatic symptoms) (n 5 140, 69%); and Visceral 
Sensitivity Index (GI symptom-specific anxiety) (n 5 106, 52%).

Furthermore, the following relevant physiological parameters 
were included: cortisol awakening response (CAR), measured as 
the area under the cortisol 3 time curve of 5 subsequent (15-
minute interval) saliva samples upon awakening [ng/mL 3 min] 
(n 5 130, 64%); duodenal mucosal permeability in Ussing 
chambers, measured as transepithelial electrical resistance 
(TEER) [V 3 cm 2 ] (n 5 128, 63%), and passage of a FITC-labeled
4 kD-dextran (FITC-dx4) [pmol] (n 5 105, 52%) as previously 
described (11,28); GE half-time determined by a 13 C-octanoic 
acid breath test (GE T 1/2 ) [minutes] (n 5 93, 46%); plasma high-
sensitivity C-reactive protein (hsCRP) [mg/L] (n 5 126, 62%); 
and histological counts of duodenal mucosal eosinophils (he-
matoxylin and eosin) (n 5 63, 31%) and mast cells (cKit) [cells/ 
mm 2 ] (n 5 62, 31%) through the validated Leuven Intestinal 
Counting Protocol (29).

As some of the questionnaires and physiological measure-
ments were only included in a subset of the studies pooled in this 
analysis, Table 1 provides an overview of the share of missing data 
by design (owing to the variable not being included in 1 or more 
studies) compared with the random missing data (related to in-
complete questionnaire responses or technical issues in the 
analysis of physiological measures) in the pooled analysis.

Statistical analysis
Differences in categorical variables between overlap subgroups 
were analyzed with Fisher exact tests. Continuous variables were 
Box-Cox transformed in case of non-Gaussian distribution to 
fulfill the assumption of normally distributed residuals. The 
effects of overlap subgroups—that is, having FD alone, FD with 
overlapping IBS or reflux, FD with overlapping IBS and 
reflux—on demographic-, symptomatologic-, and physiological-

dependent variables were assessed through linear mixed models 
in R (version 4.4.2, function lmer in package lme4), with age, sex, 
and PPI status as independent variables. For relevant variables, 
similar models separating FD-IBS overlap from FD-reflux over-
lap were evaluated.

Similarly, FD subtype (PDS, EPS, or PDS-EPS overlap) was 
added as independent variable in linear mixed models. Post hoc 
contrasts (R package and function emmeans) were performed for 
all models with Tukey-Kramer correction for multiple testing (3 
comparisons, P adj values provided). Specific associations between 
duodenal eosinophil counts and symptomatologic variables were 
analyzed through mixed models in R, while controlling for age, 
sex, PPI status, overlapping disorders, and FD subtype, and 
reported as estimate (b) 6 SD. Study (7 studies) was included as 
random effect in all models to account for variability between 
study protocols. Data are presented as mean 6 SD, with the 
statistical significance level set at 0.05, and P values between 0.05 
and 0.1 reported as trends. Graphs were created in GraphPad 
Prism software (version 10.2.3).

RESULTS
Study population
Data were obtained from 202 patients with predominant FD 
symptoms. The demographics of all participants are presented in 
Table 2. Of 202 patients included, 97 patients (48%) only met 
criteria for a FD. Seventy-three patients (36%) fulfilled criteria for
2 overlapping disorders, of which 50 (25%) had an FD-IBS 
overlap and 23 (11%) had an FD-reflux overlap. The remaining 32 
patients (16%) had an overlap syndrome of FD, IBS, and reflux. 
The distribution of the 3 overlap groups was similar across the 
pooled studies (x 2 5 13.04, P 5 0.37). At the time of inclusion, 65 
patients (32%) were taking PPI. Age, sex and PPI use were similar 
between overlap subgroups. PPI use tended to be higher in 
patients with EPS compared with the PDS-EPS overlap subtype 
(P adj 5 0.062), without differences in age or sex among FD 
subtypes.

Increased GI symptom burden in functional dyspepsia with 
overlapping disorders
In patients with FD, total LPDS scores were significantly different 
between overlapping disorder subgroups (GI overlap: P , 
0.0001), increasing with more overlapping disorders (Figure 1a). 
Postprandial symptoms measured by the validated PDS subscore 
of the daily LPDS questionnaire were different across overlap 
groups (GI overlap: P 5 0.0013), with higher PDS scores in the 
triple overlap compared with the double overlap group (P adj 5 
0.015) and to FD alone (P adj 5 0.0009).

Upper GI-specific symptoms (PAGI-SYM) were more severe 
with more overlapping disorders (GI overlap: P , 0.0001) 
(Figure 1b). Besides increased lower abdominal pain and reflux 
subscores (GI overlap: P , 0.0001), also scores for typical FD 
symptoms such as postprandial distress, bloating, upper ab-
dominal pain, and nausea and vomiting were significantly higher 
in FD with more overlapping disorders (GI overlap: P 5 0.0062, 
P 5 0.0084, P 5 0.049, P 5 0.0019, respectively). Postprandial 
distress symptoms were less pronounced in patients with FD 
taking PPI (PPI: P 5 0.032) (Figure 1c). Nausea and vomiting 
scores decreased with age, whereas severity of bloating symptoms 
increased (age: P 5 0.023, P , 0.0001, respectively). Notably, 
women reported higher PAGI-SYM scores (sex: P 5 0.022), 
driven by more severe bloating and lower abdominal pain (sex:

Table 2. Characteristics of the patient cohort

Variable FD patients (n 5 202)

Demographics

Age, yr, mean 6 SD 36 6 14

Female, n (%) 157 (78)

BMI, kg/m 2 , mean 6 SD 22.64 6 3.49

PPI use, n (%) 65 (32)

Overlapping GI disorders

FD, n (%) 97 (48)

FD 1 IBS or reflux, n (%) 73 (36)

FD 1 IBS and reflux, n (%) 32 (16)

Rome IV subtypes

PDS, n (%) 117 (58)

EPS, n (%) 36 (18)

PDS-EPS overlap, n (%) 49 (24)

BMI, body mass index; EPS, epigastric pain syndrome; FD, functional 
dyspepsia; GI, gastrointestinal; IBS, irritable bowel syndrome; PDS, 
postprandial distress syndrome; PPI, proton-pump inhibitor.
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P , 0.0001, P 5 0.019, respectively). GI-related quality of life 
(PAGI-QoL) was numerically lower with more overlapping dis-
orders (GI overlap: P 5 0.094) (Figure 1d) and significantly lower 
in women (sex: P 5 0.012).

Increased psychological and extraintestinal somatic symptoms 
in functional dyspepsia with overlapping disorders
Following main effects for anxiety, depression, and extraintestinal 
somatic symptom severity (GI overlap: P 5 0.0014, P 5 0.0017, 
P , 0.0001, respectively), anxiety, depression, and somatic 
symptom levels were significantly higher in FD with concomitant 
IBS and reflux symptoms compared with FD alone (P adj 5 0.0021, 
P adj 5 0.0021, P adj 5 0.0002, respectively) (Figure 2a–c). In ad-
dition, depression severity tended to be higher in patients with 1 
overlapping disorder compared with FD alone (P adj 5 0.070), 
reaching significance for anxiety (P adj 5 0.046), and somatic 
symptoms (P adj 5 0.0009) (Figure 2a–c). Main effects for stress 
and GI-specific anxiety were not significant (GI overlap: P 5 0.28, 
P 5 0.32, respectively) (Figure 2d–e). Interestingly, when

separating the “FD 1 IBS or reflux” group into patients with FD 
and overlapping reflux, and FD and overlapping IBS, a significant 
main effect was found for GI-specific anxiety (GI overlap: P 5 
0.0002) but no other psychological and extraintestinal symptoms. 
Indeed, patients with FD and reflux overlap reported significantly 
lower Visceral Sensitivity Index scores compared with patients 
with FD alone (P adj 5 0.017), FD-IBS overlap (P adj 5 0.0002) and 
FD-IBS-reflux overlap (P adj 5 0.0016). Younger patients expe-
rienced higher stress levels (age: P 5 0.037), whereas women 
reported more stress and extraintestinal somatic symptoms (sex: 
P 5 0.017, P 5 0.0042, respectively). Of note, PPI use did not 
affect any of these psychological or somatic symptoms.

Physiological parameters do not discriminate between 
functional dyspepsia with and without overlapping disorders
Relevant physiological parameters measured objective stress through 
CAR, duodenal epithelial permeability through TEER and molecular 
passage (FITC-dx4), GE T 1/2 , systemic immune activation through 
hsCRP, and local immune activation through duodenal eosinophil

Figure 1. Impact of overlapping IBS and reflux in patients with predominant FD on (a, b) GI symptoms (LPDS: n 5 186; PAGI-SYM: n 5 195), (c) effect of PPI 
use on postprandial complaints in FD (PAGI-SYM-PDS subscore; n 5 192), and (d) impact of overlapping disorders on quality of life (PAGI-QoL; n 5 87). FD, 
functional dyspepsia; GI, gastrointestinal; IBS, irritable bowel syndrome; LPDS, Leuven Postprandial Distress Scale; PAGI-SYM, Patient Assessment of 
Upper GI Symptom Severity; PDS, postprandial distress syndrome; QoL, quality of life.

Figure 2. Impact of overlapping IBS and reflux in patients with predominant FD on (a) anxiety (GAD7; n 5 129), (b) depression (PHQ9; n 5 159), (c) 
extraintestinal somatic symptoms (PHQ12; n 5 140), (d) perceived stress (PSS; n 5 66), and (e) GI-specific anxiety (VSI; n 5 106). FD, functional 
dyspepsia; GAD, Generalized Anxiety Disorder; GI, gastrointestinal; IBS, irritable bowel syndrome; PHQ, Patient Health Questionnaire; PSS, Perceived 
Stress Scale; VSI, Visceral Sensitivity Index.
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and mast cell counts. However, none of these physiological param-
eters differed between the overlap subgroups (GI overlap: P . 0.1) 
(Figure 3), in contrast to the reported associations of multiple 
overlapping disorders with GI, psychological and somatic

symptoms. When separating the FD-IBS overlap from FD-reflux 
overlap group, main effects for all physiological parameters remained 
nonsignificant (GI overlap: P . 0.1). In addition, PPI status and age 
were not linked to any of the physiological measures.

Figure 3. Physiological parameters measuring (a) objective stress (cortisol awakening response; n 5 130), duodenal immune activation ([b] duodenal 
eosinophils [n 5 63] and [c] mast cells [n 5 62]), (d) gastric emptying rate (n 5 93), duodenal permeability ([e] transepithelial electrical resistance [n 5 

128] and [f] molecular passage [n 5 105]), and (g) systemic immune activation (hsCRP; n 5 126) were not different in FD with or without overlapping IBS 
and reflux. FD, functional dyspepsia; hsCRP, high-sensitivity C-reactive protein; IBS, irritable bowel syndrome.

Figure 4. Differences in (a, b) GI symptoms (LPDS: n 5 186; PAGI-SYM: n 5 195), (c) upper abdominal pain (PAGI-SYM-UAP subscore; n 5 195), and (d) 
quality of life (PAGI-QoL; n 5 87) between FD subtypes. FD, functional dyspepsia; LPDS, Leuven Postprandial Distress Scale; PAGI-SYM, Patient 
Assessment of Upper GI Symptom Severity; PDS, postprandial distress syndrome; QoL, quality of life.
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Epigastric pain syndrome is characterized by a milder 
symptomatology without physiological differences among 
functional dyspepsia subtypes
Symptom severity assessed by both the LPDS and PAGI-SYM 
questionnaire was significantly different among FD subtypes 
(subtype: P , 0.0001), with patients with EPS reporting milder 
symptoms than PDS (P adj , 0.0002) or PDS-EPS overlap patients 
(P adj , 0.0001) evaluated by both questionnaires (Figure 4a and

b). Typical PDS symptoms including postprandial distress 
(P adj , 0.0001) and bloating (P adj , 0.027) as expected based on 
the Rome IV criteria but also nausea and vomiting (P adj , 0.040) 
were less pronounced in EPS compared with PDS or the overlap 
subtype. Lower abdominal pain scores were lower in patients with 
EPS compared with the overlap subtype (P adj 5 0.0017) with 
a tendency for lower scores compared with patients with PDS 
(P adj 5 0.063). Upper abdominal pain intensity tended to be

Figure 5. Differences in (a) anxiety (GAD7; n 5 129), (b) depression (PHQ9; n 5 159), (c) extraintestinal somatic symptoms (PHQ12; n 5 140), (d) 
perceived stress (PSS; n 5 66), and (e) GI-specific anxiety (VSI; n 5 106) between FD subtypes. FD, functional dyspepsia; GAD, Generalized Anxiety 
Disorder; GI, gastrointestinal; PHQ, Patient Health Questionnaire; PSS, Perceived Stress Scale; VSI, Visceral Sensitivity Index.

Figure 6. Overview of physiological parameters measuring (a) objective stress (cortisol awakening response; n 5 130), duodenal immune activation ([b] 
duodenal eosinophils [n 5 63] and [c] mast cells [n 5 62]), (d) gastric emptying rate (n 5 93), duodenal permeability ([e] transepithelial electrical 
resistance [n 5 128] and [f] molecular passage [n 5 105]), and (g) systemic immune activation (hsCRP; n 5 126) among FD subtypes. FD, functional 
dyspepsia; hsCRP, high-sensitivity C-reactive protein.
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significantly different across FD subtypes (subtype: P 5 0.055) 
with trends for higher pain scores in the overlap subtype com-
pared with PDS (P adj 5 0.085) as well as EPS (P adj 5 0.098) 
(Figure 4c). GI-related quality of life was similar among FD 
subtypes (subtype: P 5 0.44) (Figure 4d).

Psychological stress, depression, and extraintestinal somatic 
symptoms (subtype: P 5 0.029, P 5 0.039, P 5 0.042, re-
spectively), but not general anxiety and GI-related anxiety, were 
different among FD subtypes (Figure 5). Patients with EPS 
reported lower scores for depression (P adj 5 0.044) and somatic 
symptoms (P adj 5 0.045) compared with the overlap subtype, 
whereas perceived stress severity was higher in the overlap sub-
type compared to PDS (P adj 5 0.039).

Duodenal paracellular permeability measured by TEER 
showed a statistical trend between FD subtypes (subtype: P 5 
0.087) but without post hoc differences between the individual 
subtypes. Similarly, duodenal mast cell counts also tended to 
differ between subtypes (subtype: P 5 0.079), with only post hoc 
trends for lower mast cell counts in EPS compared with PDS 
(P adj 5 0.10) and the overlap subtype (P adj 5 0.092). None of the 
other physiological parameters showed differences among FD 
subtypes (subtype: P . 0.1) (Figure 6).

Duodenal eosinophilia is associated to anxiety in functional 
dyspepsia independent of overlapping disorders or subtype
Last, driven by a previously reported link between duodenal eo-
sinophil infiltration and clinical anxiety (21), we confirmed 
a positive association between duodenal eosinophil counts and 
anxiety in patients with FD (n 5 29) in an uncontrolled model 
(b 5 18.21 6 8.66, P 5 0.045). Moreover, this significant asso-
ciation persisted when adjusting for age, sex, PPI intake, over-
lapping GI disorders, and FD subtype (b 5 24.04 6 11.16, P 5 
0.043). No associations between eosinophil counts and other 
psychological parameters (PHQ9: n 5 31, P 5 0.18; PHQ12: n 5 
48, P 5 0.19) or GI symptoms (PAGI-SYM: n 5 61, P 5 0.28; 
LPDS: n 5 62, P 5 0.53) were found.

DISCUSSION
The recent Rome Global Epidemiology study is the largest and 
most comprehensive single effort so far to assess the prevalence 
and impact of overlapping DGBI, affecting one-third of the 
patients with a DGBI (6), thereby confirming previous results 
obtained in 3 Western countries (30). Strikingly, both studies 
could demonstrate a worsening in psychological and somatic 
symptoms, quality of life, and medication use in patients with 
multiple overlapping disorders originating from different GI 
regions, confirmed by a recent meta-analysis (7). However, most 
of these population-based questionnaire studies were limited by 
the absence of any clinical evaluation by an expert gastroenter-
ologist and endoscopic confirmation in the absence of structural 
or organic abnormalities that may explain the symptoms. By 
contrast, all patients with FD in this study underwent endoscopy 
to exclude structural alterations, which allowed for the mea-
surement of key physiological parameters including markers of 
mucosal and systemic immune activation, and mucosal
permeability. 

As expected, patients with FD and overlapping IBS and/or 
reflux reported increased cardinal IBS and reflux symptoms. 
However, also typical FD symptoms including postprandial dis-
tress and upper abdominal pain, as well as secondary symptoms 
of nausea and vomiting were more pronounced with multiple

overlapping GI disorders. This indicates that complex overlap 
syndromes are characterized by a universally elevated symptom 
experience, which warrants speculation on a prominent role for 
central processing in integrating the different visceral inputs. 
Indeed, the worsened psychological status in patients with 
overlapping disorders could be a cause or a consequence of 
a lower central threshold for both intestinal and extraintestinal 
triggers, which is a crucial element in the gut-brain-axis hy-
pothesis underlying DGBI (31). Central alterations have been 
demonstrated in patients with DGBI by brain imaging studies 
(32), but future research should attempt to identify which specific 
regions in the brain of patients with overlapping GI 
disorders—for example, related to pain sensation or emotional 
regulation—are involved.

Beyond central alterations in these GI disorders, local immune 
activation and impaired barrier function—both of which can be 
triggered by psychological stress (19,33)—have been proposed to 
contribute to dyspeptic symptoms (8,34). Nevertheless, none of 
the measured physiological parameters was associated with an 
increasing number of overlapping GI disorders in this cohort of 
patients with predominant FD. To the best of our knowledge, this 
study is the first to also look at potential duodenal and systemic 
physiological mechanisms in FD with and without multiple 
overlapping GI disorders. We hereby extend our earlier findings 
demonstrating that only hypersensitivity to gastric distention, but 
not GE, accommodation to a meal, or Helicobacter pylori in-
fection, was increased in patients with concomitant FD and IBS 
compared with FD alone (35). These results suggest that wors-
ened individual local alterations are not necessarily driving an 
overlap between multiple GI disorders but rather highlight the 
relative importance of central perception and integration in 
overlapping disorders.

No differential pathophysiological basis between the different 
FD subtypes could be concluded from our current results, as all 
measured physiological parameters were similar among patients 
with PDS, EPS, and a PDS-EPS overlap. Although physiological 
outcomes could only be evaluated in a proportion of the patients, 
the finding of similar GE rate between subtypes is in line with the 
equal prevalence of delayed GE among subtypes as reported by 
a previous study from our group (36). By contrast, similar duo-
denal eosinophil numbers in all FD subtypes are at variance with 
previous literature pointing at increased eosinophil infiltration 
especially in patients with PDS, which may be related to geo-
graphical differences but also counting techniques (10,22,23,29). 
Nevertheless, duodenal eosinophil infiltration was associated 
with anxiety levels in patients with FD, but not to GI symptoms, 
independent of FD subtype or concomitant GI disorders. The 
current association is in line with previous work showing that 
duodenal eosinophilia preceded the onset and worsening of 
clinical anxiety over a 10-year period, independent of FD (21). 
This may suggest that duodenal eosinophils could indeed be more 
related to psychological comorbidities, rather than a primary 
driver of FD, even if the mechanistic link is unclear and should be 
explored further.

Limitations of this study include the pooling of different 
studies rather than a single study design. However, identical 
questionnaires were used for symptom assessment, whereas 
physiological measurements were performed using standardized 
protocols in the same center on patients recruited from the same 
outpatient clinics. Furthermore, the random differences between 
studies were mitigated by taking the between-study variability
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into account in the statistical analyses. Second, physiological 
parameters were limited to systemic, gastric, and duodenal 
measurements by gastroduodenoscopy. Incorporation of colonic 
(permeability and immune activation measures) or esophageal 
(pH-impedance testing) could offer even more insights into the 
contribution of these proposed pathophysiological mechanisms, 
although this would require multiple invasive procedures in in-
dividual patients. In addition, analyses exploring the differential 
contribution of symptom measures and physiological parameters 
to overlap between FD and non-GI syndromes including fibro-
myalgia and chronic fatigue syndrome would have been valuable 
but was impeded by a lack of comprehensive diagnosis of these 
syndromes in the current cohort. Furthermore, specific psychi-
atric disorders cannot be formally excluded based on the psy-
chological symptom questionnaires included in this analysis, 
potentially allowing for the inclusion of individuals with coex-
isting but undiagnosed psychiatric disorders. Last, all participants 
were recruited at a single tertiary care center, which could explain 
the high prevalence of overlapping disorders (52%) and psy-
chological comorbidities, making results not necessarily gener-
alizable to the general population.

In conclusion, we confirm the increasing GI, psychological, 
and somatic symptom burden of FD with overlapping IBS and/or 
reflux symptoms. By contrast, physiological parameters often 
associated with FD pathophysiology were not different between 
patients with or without overlapping disorders. Patients with EPS 
experienced an overall milder symptom severity, including 
milder postprandial symptoms, but also psychological and even 
typical pain-related symptoms. No differences in pathophysio-
logical outcomes between FD subtypes were found, leaving the 
causal mechanisms underlying differences in observed symptom 
burden subject for future research. Overall, our data do not 
support more severely impaired peripheral alterations in over-
lapping disorders, although a cumulative effect of multiple local 
or central alterations may contribute to the higher symptom 
burden. The association between duodenal eosinophils and 
anxiety suggest a potential role for immune activation in relation 
with the psychological distress often seen in patients with FD. 
However, further research is needed to untangle primary from 
secondary mechanisms.
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Study Highlights

WHAT IS KNOWN

3 Disorders of gut-brain interaction (DGBI) including functional 
dyspepsia and irritable bowel syndrome commonly overlap 
with each other and with reflux symptoms.

3 Overlap syndromes are associated with increased symptom 
burden, psychological distress and healthcare use, as well as 
a decreased quality of life.

WHAT IS NEW HERE

3 Gastrointestinal and psychological symptoms were more 
pronounced in functional dyspepsia with overlapping 
gastrointestinal disorders.

3 Key physiological parameters previously implicated in the 
pathophysiology of DGBI were not altered in overlap 
syndromes.

3 Patients with epigastric pain syndrome reported a milder 
symptom pattern but had similar physiological parameters.

3 uodenal eosinophil counts were associated with anxiety in 
functional dyspepsia, independent of subtype or overlapping 
disorders.
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