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Background: 

Functional dyspepsia (FD) is a common disorder of gut–brain interaction and a major cause of 

chronic upper gastrointestinal symptoms and impaired quality of life. Current evidence 

challenges the traditional view of FD as solely a gastric motility disorder and indicates a 

multifactorial pathophysiology involving motor dysfunction, visceral hypersensitivity, duodenal 

immune activation, epithelial barrier impairment, gut microbiota alterations, and dysregulated 

gut–brain communication. 

 

Aim: 

To review current knowledge of the pathophysiology, clinical presentation, diagnosis, and 

evidence-based management of FD, with emphasis on emerging therapeutic targets and precision 

medicine. 

 

Material and methods: 

A narrative review was conducted using international clinical guidelines, systematic reviews, 

meta-analyses, randomized controlled trials, and translational studies concerning FD diagnosis, 

treatment, and recent advances in disease mechanisms. 

 

Results: 

FD is a heterogeneous disorder in which several overlapping biological mechanisms contribute 

to symptom generation. Diagnosis is primarily based on the Rome IV criteria after exclusion of 

structural disease. Established management includes lifestyle modification, Helicobacter pylori 

eradication, proton pump inhibitors, prokinetics, neuromodulators, and psychological therapies. 

Emerging approaches targeting the duodenal microenvironment, epithelial barrier, gut 

microbiota, and gut–brain axis are promising. Nevertheless, treatment efficacy remains modest 

because of biological heterogeneity and the lack of validated biomarkers for patient stratification. 

 

Conclusions: 

The evolving understanding of FD supports a shift from empirical symptom-based treatment 

toward individualized, mechanism-informed care. Future research should focus on clinically 
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applicable biomarkers, improved phenotyping, and high-quality clinical trials to enable precision 

medicine and improve long-term outcomes. 
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1. Introduction 

 

Functional dyspepsia (FD) is a chronic disorder of gut–brain interaction (DGBI) characterized by 

bothersome upper gastrointestinal symptoms in the absence of structural, systemic, or metabolic 

abnormalities that could explain their occurrence. According to the Rome diagnostic criteria, the 

cardinal symptoms of FD include bothersome postprandial fullness, early satiation, epigastric 

pain, and epigastric burning. Based on the predominant symptom profile, patients are classified 

as having postprandial distress syndrome (PDS), epigastric pain syndrome (EPS), or overlapping 

PDS and EPS [1–3,7]. Despite the absence of an identifiable organic cause, FD is associated with 

considerable impairment in quality of life, increased healthcare utilization, and a substantial 

socioeconomic burden, making it one of the most frequently encountered disorders in 

gastroenterological practice [1,4]. 

 

Globally, functional dyspepsia represents a major health problem, affecting millions of 

individuals and imposing a substantial burden on both patients and healthcare systems. Although 

the disorder is not associated with increased mortality, it significantly compromises 

health-related quality of life, negatively impacts daily functioning and work productivity, and 

contributes to frequent healthcare utilization and rising socioeconomic costs [1,2,4]. The 

considerable heterogeneity of clinical presentation, together with the lack of disease-specific 

biomarkers and the multifactorial nature of symptom generation, continues to pose significant 

diagnostic and therapeutic challenges. Consequently, growing research efforts have focused on 

elucidating the complex pathophysiological mechanisms underlying FD, with the aim of 
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improving diagnostic accuracy and developing more effective, targeted therapeutic strategies 

[2,3,6]. 

 

 

Current evidence indicates that functional dyspepsia is a heterogeneous and multifactorial 

disorder in which symptoms arise from complex interactions between gastrointestinal and central 

nervous system mechanisms rather than a single underlying abnormality. Several interacting 

mechanisms have been implicated, including impaired gastric accommodation, delayed gastric 

emptying, visceral hypersensitivity, disturbances in gut–brain signalling, and abnormalities 

within the duodenal environment [2,3,7]. In recent years, increasing attention has also been 

directed towards the potential role of the intestinal microbiota and low-grade mucosal 

inflammation. These discoveries have substantially expanded the current understanding of FD 

and may facilitate the development of more targeted therapeutic approaches [2,3,6]. 

 

Despite considerable advances in understanding its pathophysiology, the diagnosis of functional 

dyspepsia remains challenging because no disease-specific biochemical, endoscopic, or 

histopathological biomarkers are currently available. Diagnosis therefore relies on 

symptom-based Rome criteria supported by a thorough clinical assessment aimed at excluding 

structural, systemic, or metabolic disorders that could account for the patient's symptoms [1,5,7]. 

Patients presenting with alarm features or clinical suspicion of organic disease require further 

diagnostic evaluation. Consequently, careful differential diagnosis remains essential to establish 

an accurate diagnosis and guide appropriate clinical management [1,5]. 

 

Current management of functional dyspepsia relies on a personalized and multidisciplinary 

approach tailored to the patient's predominant symptoms and underlying pathophysiological 

mechanisms. Contemporary management includes dietary and lifestyle modifications, 

Helicobacter pylori eradication when indicated, acid-suppressive therapy, prokinetic agents, 

neuromodulators, and psychological interventions in selected patients [1,2,5]. However, 

therapeutic responses remain highly variable, reflecting the heterogeneous nature of the disorder 

and underscoring the need for more effective, mechanism-based, and individualized treatment 

strategies [1,2,5–7]. 
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The aim of this review is to provide a comprehensive and up-to-date overview of functional 

dyspepsia, focusing on its epidemiology, pathophysiology, clinical presentation, diagnosis, and 

evidence-based management. Furthermore, this review highlights recent advances in the 

understanding of disease mechanisms, emerging therapeutic approaches, and future perspectives 

that may contribute to improving patient outcomes and optimizing clinical practice. 

 

 

2. Materials and methods 

 

2.1 Research materials and methods 

 

This study is a narrative literature review focusing on functional dyspepsia. A literature search 

was conducted using the PubMed and Google Scholar databases to identify relevant publications 

published between January 2020 and June 2026. The search strategy included combinations of 

the following keywords: "functional dyspepsia", "disorders of gut-brain interaction", "Rome IV", 

"Rome V", "epidemiology", "pathophysiology", "diagnosis", and "management". Current clinical 

guidelines, systematic reviews, meta-analyses, and original studies published in English were 

included. The analysis focused on publications addressing the epidemiology, pathophysiology, 

diagnosis, and management of functional dyspepsia in adult patients. 

 

2.2 Research results 

 

The literature search identified original studies, systematic reviews, meta-analyses, clinical 

practice guidelines, and consensus statements relevant to functional dyspepsia. The selected 

publications addressed the epidemiology, pathophysiology, clinical presentation, diagnosis, and 

management of functional dyspepsia and constitute the basis of the present review. 
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3. Results 

 

3.1 Epidemiology 

 

Functional dyspepsia (FD) is one of the most common disorders of gut–brain interaction 

worldwide. However, its reported prevalence varies considerably depending on the diagnostic 

criteria applied, study methodology, and characteristics of the study population. A recent 

systematic review and meta-analysis of studies published between 1990 and 2020 estimated the 

global prevalence of FD at approximately 8.4%. Notably, studies using the more restrictive 

Rome IV criteria consistently reported lower prevalence estimates than those based on earlier 

Rome definitions, highlighting the substantial influence of diagnostic criteria on epidemiological 

findings [4]. 

The largest multinational epidemiological study based on the Rome IV criteria included 54,127 

adults from 26 countries and reported an overall prevalence of functional dyspepsia of 7.2% [8]. 

Considerable geographical variation was observed, with prevalence ranging from approximately 

2.4% in Japan to 12.3% in Egypt, while the prevalence in Poland was estimated at 8.3% [8]. 

Women were affected more frequently than men, and disease prevalence gradually decreased 

with advancing age. Among the clinical subtypes, postprandial distress syndrome (PDS) 

represented the predominant phenotype, accounting for approximately two-thirds of all FD cases 

[8]. 

The development of functional dyspepsia is considered multifactorial and is influenced by the 

interaction of biological, psychological, and environmental factors. Female sex and younger age 

have consistently been identified as demographic factors associated with a higher prevalence of 

FD [4,8]. In addition, psychological comorbidities, particularly anxiety and depression, occur 

significantly more frequently in patients with FD and are believed to contribute to symptom 

development through disturbances of the gut–brain axis [9]. Lifestyle and dietary habits may also 

influence disease occurrence. A recent systematic review and meta-analysis demonstrated that 

spicy food consumption was associated with an increased risk of FD, whereas more frequent 

meal consumption appeared to exert a protective effect [10]. 

Beyond its high prevalence, functional dyspepsia imposes a considerable burden on both patients 

and healthcare systems. Individuals with FD report significantly impaired health-related quality 

8



of life, reduced work productivity, and more frequent healthcare utilization than the general 

population [4,8]. The Rome IV Global Epidemiology Study also demonstrated that patients with 

overlapping PDS and EPS experienced the greatest symptom burden and were more likely to 

seek medical care and use pharmacological treatment than those with isolated symptom subtypes 

[8]. These findings emphasize that the impact of FD extends well beyond gastrointestinal 

symptoms and represents an important public health challenge. 

 

3.2 Pathophysiology 

 

The pathophysiology of functional dyspepsia (FD) is complex and heterogeneous, with no single 

mechanism capable of explaining the entire clinical spectrum of the disorder. Current evidence 

supports a multifactorial model involving gastric motor dysfunction, visceral hypersensitivity, 

duodenal microinflammation, epithelial barrier dysfunction, alterations in the gut microbiota, and 

dysregulation of gut–brain communication. The relative contribution of these mechanisms varies 

considerably between patients, which may explain the marked heterogeneity in symptom 

presentation and therapeutic response [2,3,6]. 

 

 

3.2.1 Gastric motor dysfunction 

 

Gastric sensorimotor dysfunction has traditionally been regarded as one of the principal 

pathophysiological mechanisms underlying FD. Impaired gastric accommodation, defined as 

inadequate relaxation of the proximal stomach following meal ingestion, reduces the stomach's 

reservoir capacity and results in an abnormal increase in intragastric pressure. A landmark 

physiological study demonstrated impaired postprandial gastric accommodation in 

approximately 40% of patients with FD, with early satiation identified as the symptom most 

strongly associated with this abnormality. Delayed gastric emptying was observed in 

approximately one-third of patients and may contribute to postprandial fullness, nausea, and 

vomiting, although its correlation with symptom severity remains inconsistent [2,3,14]. 
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These findings suggest that abnormalities of gastric motor function alone are insufficient to 

explain the clinical manifestations of FD. Rather, impaired accommodation and delayed gastric 

emptying represent only two components of a broader pathophysiological network that interacts 

with altered visceral sensitivity, duodenal abnormalities, and central nervous system mechanisms 

to generate symptoms [2,3,6,14]. 

 

3.2.2 Visceral hypersensitivity 

 

Visceral hypersensitivity represents another key pathophysiological mechanism in functional 

dyspepsia (FD). Patients with FD may exhibit an exaggerated perception of physiological gastric 

distension, chemical stimulation, or nutrient exposure, resulting in epigastric pain, burning, 

postprandial fullness, or discomfort in response to stimuli that are normally well tolerated. This 

altered sensory processing is thought to involve peripheral sensitization of gastroduodenal 

afferent pathways, abnormal spinal transmission, and enhanced central processing of visceral 

signals [2,3]. 

 

Visceral hypersensitivity may occur independently of impaired gastric accommodation or 

delayed gastric emptying, indicating that symptom generation cannot be explained solely by 

abnormalities of gastric motor function. Instead, altered sensory processing represents a distinct 

pathophysiological phenotype that may coexist with other mechanisms in varying combinations 

among individual patients [2,3]. 

 

Experimental studies suggest that hypersensitivity may develop as a consequence of both 

peripheral and central sensitization. Enhanced responsiveness of gastroduodenal afferent neurons 

increases the transmission of visceral stimuli to the central nervous system, where altered 

processing further amplifies symptom perception. Consequently, physiological mechanical or 

chemical stimuli that are normally innocuous may be perceived as painful or uncomfortable, 

contributing to the characteristic symptoms of FD [2,3]. 

 

Overall, visceral hypersensitivity is increasingly recognized as a fundamental mechanism linking 

peripheral gastrointestinal dysfunction with symptom perception. Its coexistence with gastric 
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motor dysfunction and duodenal abnormalities further supports the concept of FD as a 

heterogeneous disorder of gut–brain interaction rather than a single disease entity [2,3,6] 

 

 

3.2.3. Duodenal abnormalities 

 

Growing evidence indicates that the duodenum plays a central role in the pathogenesis of FD, 

shifting the traditional focus from the stomach towards the proximal small intestine. Rather than 

serving solely as a conduit for gastric contents, the duodenum functions as a highly integrated 

sensory and immunological organ that regulates gastric motility, nutrient sensing, and gut–brain 

signalling. Disruption of this finely balanced microenvironment has emerged as a key 

mechanism contributing to symptom generation [3,11,28]. 

 

One of the most consistent findings is the presence of low-grade duodenal inflammation 

characterized by increased infiltration of eosinophils and mast cells. A systematic review and 

meta-analysis including 22 case-control studies demonstrated significantly higher numbers of 

both cell types in patients with FD compared with healthy controls, together with increased 

eosinophil degranulation, suggesting enhanced immune activation rather than merely increased 

cellular density. These abnormalities appear particularly pronounced in post-infectious FD, 

although no consistent differences have been identified between the postprandial distress 

syndrome (PDS) and epigastric pain syndrome (EPS) subtypes. Activated eosinophils and mast 

cells release cytokines, proteases, histamine, and other inflammatory mediators capable of 

sensitizing adjacent enteric and vagal afferent nerve endings, thereby promoting visceral 

hypersensitivity and altered gastroduodenal function. Nevertheless, considerable heterogeneity 

among studies and the overall low quality of available evidence preclude firm conclusions 

regarding causality [3,11]. 

 

In parallel with immune activation, increasing attention has focused on impairment of the 

duodenal epithelial barrier. Experimental studies have demonstrated increased mucosal 

permeability associated with disruption of tight junction proteins, including zonula occludens-1 

(ZO-1), occludin, and claudins. Loss of barrier integrity may facilitate the penetration of luminal 
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antigens, dietary components, microorganisms, and bile acids into the mucosa, thereby 

perpetuating immune activation and sensory dysfunction. Emerging evidence also suggests that 

altered epithelial repair mechanisms and dysregulated microRNA expression may further 

contribute to impaired barrier homeostasis [3,12,28]. 

 

Alterations in the duodenal microbiota constitute another important component of the abnormal 

duodenal microenvironment. Although no reproducible microbial signature has yet been 

identified, multiple studies have demonstrated reduced bacterial diversity together with 

compositional shifts involving several bacterial taxa in patients with FD. More recently, 

third-generation sequencing of duodenal aspirates demonstrated significantly lower microbial 

diversity than in healthy controls, accompanied by distinct taxonomic alterations and a positive 

correlation between microbial richness and symptom severity, further supporting a role for 

duodenal dysbiosis in disease pathogenesis. However, whether these microbial changes represent 

a primary pathogenic mechanism or develop secondary to altered gastrointestinal physiology 

remains uncertain [13,17,28]. 

 

Taken together, current evidence supports the concept of the duodenal microenvironment as an 

integrated functional unit in which epithelial barrier integrity, immune activation, microbial 

composition, luminal factors, and neurosensory signalling interact to regulate gastroduodenal 

function. Rather than representing isolated abnormalities, these interconnected processes are 

increasingly considered central drivers of symptom generation in FD and may provide promising 

targets for future mechanism-based therapies [3,11–13,17,28]. 
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3.2.4 Gut microbiota 

 

Alterations in the gut microbiota have recently emerged as another potential contributor to the 

pathogenesis of FD. Although no reproducible microbial signature has been identified, a growing 

body of evidence indicates that patients with FD exhibit reduced microbial diversity together 

with compositional changes involving several bacterial taxa. A systematic review of available 

studies demonstrated consistent alterations in microbial composition despite substantial 

methodological heterogeneity, supporting the concept that dysbiosis may represent a biologically 

relevant feature of the disorder rather than an incidental finding [3,13]. 

 

Most investigations have focused on the duodenal microbiota, reflecting the increasing 

recognition of the duodenum as a key site of disease pathogenesis. Using third-generation 

sequencing, Tziatzios et al. demonstrated significantly lower microbial diversity in duodenal 

aspirates from patients with FD than in healthy controls (Shannon index 3.07 vs. 3.34; p = 

0.022). The authors also identified significant reductions in the relative abundance of several 

bacterial phyla, including Chloroflexota, Rhodothermota, and Thermotogota, while symptom 

severity positively correlated with microbial richness. These findings support a potential 

association between duodenal dysbiosis and symptom generation, although they do not establish 

causality [17]. 

 

Beyond compositional changes, microbial metabolites are increasingly recognized as important 

mediators of host–microbiota interactions. Short-chain fatty acids, secondary bile acids, 

tryptophan metabolites, and other microbial products may influence epithelial barrier integrity, 

mucosal immune activation, gastroduodenal motility, and visceral sensitivity. However, 

differences in sampling techniques, sequencing methodologies, patient selection, and diagnostic 

criteria have resulted in considerable heterogeneity across studies, limiting direct comparison and 

preventing identification of a disease-specific microbial profile [3,13,28]. 

 

Current evidence therefore suggests that microbial alterations are likely to represent one 

component of the abnormal duodenal microenvironment rather than an isolated pathogenic 

mechanism. Future studies integrating microbiome profiling with immune, epithelial, and 
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metabolomic analyses may help identify clinically relevant endotypes and facilitate the 

development of personalized microbiota-directed therapies for FD [17,28]. 

 

 

3.2.5. Gut–brain axis and psychosocial factors 

 

Functional dyspepsia is increasingly recognized as a disorder of gut–brain interaction in which 

bidirectional communication between the gastrointestinal tract and the central nervous system 

plays a fundamental role in symptom generation. The gut–brain axis integrates neural, endocrine, 

immune, and autonomic pathways, enabling peripheral gastrointestinal signals to influence 

central sensory processing while psychological factors modulate gastrointestinal motility, 

secretion, and visceral perception. Consequently, disturbances at either end of this axis may 

contribute to symptom development even in the absence of structural abnormalities [2,3,6]. 

 

Psychological comorbidities, particularly anxiety, depression, chronic stress, and adverse life 

events, occur more frequently in patients with FD than in the general population and have been 

associated with greater symptom severity, impaired quality of life, and poorer therapeutic 

response. Conversely, persistent gastrointestinal symptoms may themselves exacerbate 

psychological distress, creating a self-perpetuating cycle that reinforces both peripheral and 

central mechanisms of disease [2,3,6]. 

 

Recent neuroimaging studies have provided objective evidence supporting central nervous 

system involvement in FD. In a multimodal MRI study including 15 patients with FD and 14 

healthy controls, patients with FD demonstrated significantly slower antral peristaltic 

propagation (3.8 ± 0.8 vs. 5.6 ± 1.6 mm/s; p = 0.001), accompanied by increased functional 

connectivity between the nucleus tractus solitarii (NTS) and the anterior insular cortex, anterior 

cingulate cortex, bilateral ventrolateral prefrontal cortex, and pre-supplementary motor area. 

Furthermore, NTS connectivity correlated with gastric motility indices, supporting the concept 

that altered brainstem–cortical communication contributes to symptom generation and reflects 

maladaptive plasticity within the gut–brain axis [29]. 
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Increasing evidence suggests that peripheral and central mechanisms interact dynamically rather 

than functioning independently. Signals arising from the abnormal duodenal microenvironment, 

including immune activation, epithelial barrier dysfunction, and microbial dysbiosis, may 

influence central neural circuits through neural, immune, and metabolic pathways, while central 

stress responses further modulate gastrointestinal function. This bidirectional communication 

provides a mechanistic framework linking gastric motor dysfunction, visceral hypersensitivity, 

duodenal abnormalities, and microbial alterations into a unified model of FD pathogenesis 

[3,28,29]. 

 

Recognition of FD as a disorder of gut–brain interaction has important therapeutic implications. 

The clinical benefit observed with neuromodulators and selected psychological interventions 

supports the concept that modulation of central sensory processing and stress-related pathways 

may reduce symptom burden in appropriately selected patients, even in the absence of structural 

gastrointestinal abnormalities [2,3,6]. 

 

 

3.3. Clinical presentation 

 

Functional dyspepsia (FD) is characterized by chronic upper gastrointestinal symptoms that 

cannot be explained by structural or biochemical abnormalities. According to the Rome IV 

diagnostic criteria, the cardinal symptoms include bothersome postprandial fullness, early 

satiation, epigastric pain, and epigastric burning. These symptoms often fluctuate over time, vary 

in severity, and substantially impair daily functioning and health-related quality of life. Although 

symptom-based classification facilitates diagnosis and clinical decision-making, considerable 

heterogeneity exists among patients, reflecting the multifactorial nature of the disorder [2,5,7]. 

 

Based on the predominant symptom pattern, FD is classified into two clinical subtypes: 

postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS). PDS is characterized 

primarily by bothersome postprandial fullness and early satiation, whereas EPS is characterized 

by intermittent epigastric pain or burning that is not exclusively related to meals. Despite this 

classification, symptom overlap is common, with approximately one-third of patients fulfilling 
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diagnostic criteria for both subtypes. Multinational epidemiological studies indicate that PDS 

represents the predominant clinical phenotype, while overlap syndrome is associated with greater 

symptom severity, increased healthcare utilization, and poorer health-related quality of life [5,8]. 

 

The clinical course of FD is highly variable and often characterized by alternating periods of 

symptom exacerbation and remission. Symptom severity may fluctuate over time and is 

frequently influenced by meal composition, psychological stress, sleep disturbances, and other 

environmental factors. Importantly, symptom intensity correlates poorly with objective 

physiological abnormalities, indicating that the clinical presentation cannot be explained by a 

single pathophysiological mechanism. Consequently, patients with apparently similar symptom 

profiles may differ substantially in the underlying biological processes responsible for symptom 

generation, highlighting the heterogeneous nature of FD [2,3,6]. 

 

Functional dyspepsia commonly coexists with other disorders of gut–brain interaction and 

several extraintestinal conditions. Overlap with irritable bowel syndrome and gastroesophageal 

reflux disease is particularly frequent and has been associated with greater symptom burden and 

poorer quality of life. In addition, anxiety and depressive disorders occur more commonly in 

patients with FD than in the general population and may amplify gastrointestinal symptoms 

through bidirectional interactions within the gut–brain axis. Recognition of these comorbidities is 

essential, as they may influence both diagnostic evaluation and therapeutic decision-making 

[2,3,9]. 

 

Overall, the clinical presentation of FD extends beyond isolated upper gastrointestinal symptoms 

and reflects the complex interplay of gastrointestinal, psychological, and environmental factors. 

Careful assessment of symptom phenotype, associated comorbidities, and factors influencing 

symptom severity is essential for accurate diagnosis and individualized management. Such an 

approach may also facilitate identification of the predominant pathophysiological mechanisms 

underlying symptoms, thereby supporting a more individualized and mechanism-based 

therapeutic strategy as precision medicine approaches continue to evolve [2,3,5,28]. 
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3.4 Diagnosis 

 

The diagnosis of functional dyspepsia (FD) is primarily based on clinical assessment and 

symptom-based diagnostic criteria, as no disease-specific biochemical, endoscopic, or 

histopathological marker is currently available. According to the Rome IV criteria, patients 

should present with bothersome postprandial fullness, early satiation, epigastric pain, or 

epigastric burning for at least 3 months, with symptom onset at least 6 months before diagnosis, 

in the absence of structural disease capable of explaining the symptoms. A detailed medical 

history and physical examination remain fundamental components of the diagnostic process and 

should be performed in all patients presenting with dyspeptic symptoms [2,5,7]. 

 

The initial diagnostic evaluation aims to identify patients who require further investigation and to 

exclude organic diseases that may mimic FD. Particular attention should be paid to alarm 

features, including unintentional weight loss, progressive dysphagia, persistent vomiting, 

gastrointestinal bleeding, iron-deficiency anemia, palpable abdominal masses, or a family history 

of upper gastrointestinal malignancy. Patients presenting with alarm features, or those above the 

age threshold recommended by current regional guidelines, should undergo upper 

gastrointestinal endoscopy to exclude malignancy, peptic ulcer disease, eosinophilic 

gastrointestinal disorders, and other structural abnormalities. Conversely, in younger patients 

without alarm features who fulfil the Rome IV criteria, a positive clinical diagnosis can usually 

be established without routine endoscopy [5,7]. 

 

Testing for Helicobacter pylori represents an essential component of the diagnostic work-up 

because eradication therapy may result in symptom resolution in a subset of patients. 

Non-invasive methods, including the urea breath test and stool antigen test, are preferred in most 

clinical settings, whereas biopsy-based testing may be performed during upper gastrointestinal 

endoscopy when indicated. Additional laboratory investigations should be guided by the clinical 

17



presentation rather than performed routinely and may include a complete blood count, celiac 

serology, inflammatory markers, thyroid function tests, or other targeted investigations when 

alternative diagnoses are suspected. The differential diagnosis should also include 

gastroesophageal reflux disease, peptic ulcer disease, gastroparesis, biliary tract disorders, 

pancreatic diseases, medication-induced dyspepsia, celiac disease, and upper gastrointestinal 

malignancies [5,7]. 

 

Despite substantial advances in understanding FD pathophysiology, clinically applicable 

biomarkers remain unavailable. Consequently, current diagnostic algorithms continue to rely 

predominantly on symptom-based criteria combined with selective exclusion of organic disease. 

Nevertheless, growing evidence suggests that physiological and molecular 

assessments—including gastric emptying, gastric accommodation, epithelial barrier integrity, 

intestinal permeability, and mucosal immune activation—may improve disease phenotyping in 

selected patients. Emerging biomarkers, such as microRNAs, tight junction proteins, and 

microbiome-derived signatures, also show promise for identifying biologically distinct FD 

subgroups, although further validation is required before these approaches can be incorporated 

into routine clinical practice [16,17,28]. 

 

Overall, the diagnosis of FD requires a structured, patient-centered approach that combines 

careful symptom assessment with selective use of diagnostic investigations. Contemporary 

guidelines increasingly emphasize a positive symptom-based diagnosis supported by appropriate 

exclusion of organic disease, rather than extensive testing in all patients. As understanding of the 

biological mechanisms underlying FD continues to evolve, future diagnostic strategies are 

expected to shift toward mechanism-based phenotyping, enabling more personalized therapeutic 

decisions and potentially improving clinical outcomes [5,7,17,28]. 
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3.5 Management 

 

The management of functional dyspepsia (FD) aims to reduce symptom burden, improve quality 

of life, and address underlying pathophysiological mechanisms where possible. Because FD is a 

heterogeneous disorder involving multiple mechanisms, including impaired gastric 

accommodation, delayed gastric emptying, visceral hypersensitivity, duodenal immune 

activation, and gut–brain axis dysfunction, treatment should be individualized according to the 

predominant symptom pattern, Helicobacter pylori status, associated psychological 

comorbidities, and patient preferences. Current management follows a stepwise approach 

beginning with lifestyle and dietary modification, followed by H. pylori eradication when 

indicated, pharmacological therapy, and, in selected patients, neuromodulators or psychological 

interventions. Despite the availability of several therapeutic options, treatment remains primarily 

symptom-oriented, highlighting the need for more targeted therapies based on the underlying 

pathophysiology. [1,2,5] 

 

3.5.1. Lifestyle and dietary modification 

 

Lifestyle modification and dietary counseling are recommended for all patients with FD as the 

first step in management. Approximately 50–80% of individuals with FD report meal-related 

symptom exacerbation, particularly following the consumption of large-volume or high-fat 

meals, supporting the role of individualized dietary modification. Although evidence from 

interventional studies remains limited and no specific diet has consistently demonstrated 

superiority, patients are generally advised to consume smaller, more frequent meals, reduce 

dietary fat intake, and avoid foods that reproducibly trigger symptoms. Additional lifestyle 

measures, including limiting alcohol and caffeine consumption, smoking cessation, regular 

physical activity, and adequate sleep, may further contribute to symptom control. Equally 

important are patient education and reassurance regarding the benign nature of the disorder and 

its chronic, relapsing course, as these measures improve treatment adherence and help establish 

realistic therapeutic expectations. [1,10] 
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3.5.2. Helicobacter pylori eradication 

 

Helicobacter pylori eradication is recommended for all infected patients presenting with 

dyspeptic symptoms before establishing a diagnosis of FD, as successful eradication may both 

resolve symptoms in patients with H. pylori-associated dyspepsia and provide long-term benefits 

in those with true FD. Although the therapeutic effect is modest, a Cochrane meta-analysis 

demonstrated that H. pylori eradication was superior to placebo or no treatment for long-term 

symptom improvement (RR 0.91, 95% CI 0.88–0.94), corresponding to a number needed to treat 

(NNT) of approximately 14. Beyond symptom relief, eradication also reduces the risk of peptic 

ulcer disease and gastric cancer, further supporting a universal test-and-treat strategy in 

appropriate patients. Consequently, current international guidelines recommend H. pylori 

eradication as the first disease-modifying intervention before initiating long-term symptomatic 

pharmacological treatment. [1,18] 

 

3.5.3. Proton pump inhibitors (PPIs) 

 

Proton pump inhibitors (PPIs) are recommended as the first-line pharmacological treatment for 

patients with FD, particularly those with epigastric pain syndrome (EPS) or persistent symptoms 

following H. pylori eradication. A 2017 Cochrane systematic review including 25 randomized 

controlled trials involving 8,453 patients demonstrated that PPIs were significantly more 

effective than placebo in relieving global dyspeptic symptoms (RR 0.88, 95% CI 0.82–0.94), 

corresponding to an NNT of 11. Treatment efficacy was independent of PPI dose, duration of 

therapy, H. pylori status, geographical region, and Rome subtype, supporting the use of 

standard-dose PPIs for 4–8 weeks in most patients. PPIs were also well tolerated, with no 

significant increase in adverse events compared with placebo, H2 receptor antagonists, or 

prokinetics. In patients who fail to respond after an adequate treatment course, prolonged 

empirical acid suppression is generally not recommended, and alternative therapeutic strategies 

should be considered. [1,19] 
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3.5.4. Prokinetics 

 

Prokinetic agents are recommended primarily for patients with postprandial distress syndrome 

(PDS), in whom impaired gastric accommodation and delayed gastric emptying are considered 

key pathophysiological mechanisms. An updated Bayesian network meta-analysis published in 

2023, including 28 randomized controlled trials involving 5,790 patients, demonstrated that all 

six evaluated prokinetics—metoclopramide, cinitapride, domperidone, acotiamide, itopride, and 

mosapride—were more effective than placebo in improving global FD symptoms. 

Metoclopramide ranked as the most effective agent, with a 97.9% probability of being the best 

treatment, followed by cinitapride (82.1%) and domperidone (63.2%). However, efficacy should 

be interpreted alongside safety considerations. Although no significant differences in 

drug-related adverse events were observed among the evaluated agents, cinitapride was 

associated with fewer overall adverse events than domperidone, suggesting a more favorable 

benefit–risk profile. In contrast, long-term use of metoclopramide remains limited by the risk of 

extrapyramidal adverse effects, whereas domperidone requires caution because of its association 

with QT interval prolongation. Consequently, current guidelines recommend individualized, 

short-term use of prokinetics according to symptom profile, drug availability, and patient 

characteristics. [1,20] 

 

3.5.5. Neuromodulators 

 

Neuromodulators are recommended for patients with persistent symptoms despite adequate 

first-line therapy, particularly when visceral hypersensitivity and disturbances of the gut–brain 

axis are considered major contributors to symptom generation. Their therapeutic benefit is 

thought to result primarily from modulation of central pain processing rather than from 

antidepressant effects. A 2025 systematic review and meta-analysis including nine randomized 

controlled trials involving 924 patients demonstrated that antidepressants significantly improved 

global dyspeptic symptoms compared with placebo (RR 1.30, 95% CI 1.02–1.67; NNT = 11). 

This benefit was driven predominantly by tricyclic antidepressants (TCAs), which showed 

superior efficacy (RR 1.41, 95% CI 1.07–1.85; NNT = 6), whereas selective serotonin reuptake 

inhibitors (SSRIs) were not superior to placebo (RR 0.97, 95% CI 0.72–1.29). Trial sequential 
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analysis confirmed sufficient evidence supporting the efficacy of TCAs, with moderate-certainty 

evidence according to the GRADE framework. Although antidepressants overall were associated 

with more adverse events than placebo, TCAs alone did not significantly increase adverse 

events. Consequently, current guidelines recommend low-dose TCAs, such as amitriptyline, as 

the preferred neuromodulators for refractory FD, whereas SSRIs should generally be reserved for 

patients with coexisting anxiety or depressive disorders rather than prescribed solely for 

dyspeptic symptom relief. [1,21] 

 

3.5.6. Psychological therapies 

 

Psychological therapies are recommended for patients with refractory FD, particularly in the 

presence of coexisting anxiety, depression, or other disorders of gut–brain interaction. A 

systematic review and meta-analysis published in 2022, including 14 randomized controlled 

trials involving 1,434 patients, demonstrated that psychological interventions significantly 

improved overall symptom response compared with control interventions (RR 1.74, 95% CI 

1.12–2.72). They also significantly reduced gastrointestinal symptom severity both at the end of 

treatment (SMD −0.98, 95% CI −1.29 to −0.67) and during follow-up (SMD −1.06, 95% CI 

−1.55 to −0.57), while improving anxiety (SMD −0.80, 95% CI −1.38 to −0.22) and depression 

(SMD −1.11, 95% CI −1.62 to −0.61). Subgroup analyses indicated that the greatest benefit was 

achieved with structured psychotherapy, whereas evidence for cognitive behavioral therapy, 

hypnotherapy, relaxation therapy, and other psychological interventions remains limited because 

of the small number of available studies. Current evidence therefore supports integrating 

psychological therapies into the multidisciplinary management of carefully selected patients with 

refractory FD, although additional high-quality randomized trials are needed to further define 

their role. [1,22] 
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3.5.7. Emerging therapies 

 

Emerging therapies for FD increasingly target the underlying biological mechanisms of disease 

rather than symptom control alone. Among these, modulation of the intestinal microbiota has 

emerged as one of the most promising approaches. Experimental and clinical evidence suggests 

that probiotics may alleviate symptoms by restoring microbial homeostasis, strengthening 

intestinal barrier integrity, reducing low-grade mucosal inflammation, regulating immune 

responses, and attenuating visceral hypersensitivity through the gut–brain axis. A systematic 

review and meta-analysis published in 2020, including five randomized controlled trials 

involving 409 patients, found that prebiotic and probiotic therapy was associated with a modest 

improvement in global FD symptoms compared with placebo (RR 1.15, 95% CI 1.01–1.30; I² = 

0%). However, analysis of probiotic therapy alone, based on four randomized controlled trials 

including 310 patients, failed to demonstrate a statistically significant benefit (RR 1.13, 95% CI 

0.99–1.28), although no increase in adverse events was observed. These findings suggest that 

therapeutic effects are likely strain-specific and may be enhanced by combining probiotics with 

prebiotics. Beyond microbiota-directed interventions, therapies targeting duodenal immune 

activation, epithelial barrier dysfunction, and specific pathophysiological phenotypes are 

currently under investigation and may further expand future treatment options. Ultimately, 

advances in mechanism-based phenotyping are expected to facilitate precision medicine 

approaches, enabling treatment to be tailored to the predominant mechanisms responsible for 

symptom generation in individual patients. [23,24,28] 

 

 

4. Discussion 

 

4.1. From pathophysiology to personalized management 

 

The evidence summarized in this review supports a conceptual shift from viewing functional 

dyspepsia (FD) as a purely functional gastric disorder toward recognizing it as a heterogeneous 

disorder of gut–brain interaction. Rather than being driven by a single mechanism, FD results 

from complex interactions among impaired gastric motility, visceral hypersensitivity, duodenal 
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immune activation, epithelial barrier dysfunction, alterations in the gastrointestinal microbiota, 

and dysregulated gut–brain communication. Importantly, these mechanisms frequently coexist 

within the same patient, although their relative contribution varies considerably, contributing to 

the marked clinical heterogeneity observed in FD [1–4,6,7,13,17,28,29]. 

 

This evolving understanding has important clinical implications. The modest efficacy of 

currently available therapies likely reflects the biological heterogeneity of FD, as patients with 

distinct pathophysiological mechanisms are still managed according to symptom-based 

classifications rather than validated biological phenotypes. Although the Rome IV classification 

into postprandial distress syndrome and epigastric pain syndrome represents an important step 

toward individualized care, substantial symptom overlap and the absence of clinically applicable 

biomarkers continue to limit truly mechanism-based treatment. 

 

Taken together, current evidence supports a transition toward personalized management that 

integrates symptom phenotype with emerging insights into the biological mechanisms underlying 

FD. As clinically applicable biomarkers become available, improved patient stratification may 

facilitate more targeted therapeutic strategies, ultimately enhancing treatment efficacy while 

reducing unnecessary empirical therapies [1–7,17,28,29]. 

 

 

4.2. Translating evidence into clinical practice 

 

Although current international guidelines recommend a stepwise approach to FD management, 

accumulating evidence suggests that treatment should be guided not only by symptom phenotype 

but also by the underlying pathophysiological mechanisms whenever possible. The available 

therapeutic options—including Helicobacter pylori eradication, proton pump inhibitors, 

prokinetics, neuromodulators, and psychological interventions—target different components of 

FD pathogenesis and should therefore be regarded as complementary rather than competing 

strategies. Selecting therapy according to the predominant clinical presentation and associated 

biological mechanisms is likely to improve symptom control and reduce unnecessary treatment 

escalation [1,18–23]. 
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Nevertheless, treatment outcomes remain modest, and complete symptom resolution is achieved 

in only a subset of patients. Rather than indicating treatment failure or an incorrect diagnosis, 

persistent symptoms often reflect the coexistence of multiple pathophysiological mechanisms 

that are insufficiently addressed by a single intervention. Consequently, patients with refractory 

FD should undergo systematic reassessment, including evaluation of symptom phenotype, 

treatment adherence, psychological comorbidities, and potential alternative diagnoses before 

additional therapies are introduced. This patient-centered approach is consistent with current 

guideline recommendations and emphasizes the importance of shared decision-making and 

realistic therapeutic expectations [1,5,7,18–23]. 

 

Ultimately, the management of FD should evolve beyond the traditional "trial-and-error" strategy 

toward mechanism-informed care. Although validated biomarkers are not yet available for 

routine practice, integrating clinical phenotype with emerging evidence on gastric motor 

dysfunction, duodenal abnormalities, gut microbiota, and gut–brain interactions represents an 

important step toward more rational and individualized treatment algorithms [6,13,17,28,29]. 

 

 

 

4.3. Future perspectives and limitations of current evidence 

 

Despite substantial advances in understanding the pathophysiology of functional dyspepsia (FD), 

important challenges remain before these discoveries can be translated into routine clinical 

practice. One of the major limitations of current management is the absence of validated 

biomarkers capable of reliably identifying the predominant pathophysiological mechanisms 

responsible for symptom generation in individual patients. Consequently, treatment selection 

continues to rely largely on symptom-based classifications rather than biological phenotypes, 

despite growing evidence that FD comprises multiple overlapping disease endotypes 

[1,6,7,15,17]. 
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Recent advances in the understanding of duodenal immune activation, epithelial barrier 

dysfunction, alterations in the gastrointestinal microbiota, and gut–brain interactions have 

identified several promising therapeutic targets. However, most emerging interventions remain 

supported by limited or heterogeneous evidence, and their long-term efficacy has yet to be 

established. Furthermore, many randomized controlled trials have enrolled heterogeneous patient 

populations defined exclusively by symptom-based criteria, without stratification according to 

underlying biological mechanisms. This lack of biological phenotyping may have diluted 

treatment effects and contributed to the modest efficacy observed across many therapeutic 

interventions [6,13,17,25,28,29]. 

 

Future research should therefore focus on developing clinically applicable biomarkers that 

facilitate disease phenotyping and predict treatment response. Integrating molecular profiling, 

microbiome analyses, physiological testing, and neuroimaging may improve patient stratification 

and accelerate the transition from empirical symptom-based management toward precision 

medicine. Well-designed randomized controlled trials incorporating standardized diagnostic 

criteria, mechanism-based patient selection, and long-term follow-up will be essential to 

determine whether personalized therapeutic strategies can improve clinical outcomes, quality of 

life, and healthcare utilization in patients with FD [6,13,15,17,25,28,29]. 

 

 

5. Conclusions 

 

Functional dyspepsia remains one of the most prevalent and clinically challenging disorders of 

gut–brain interaction. Growing evidence indicates that FD should no longer be regarded as an 

isolated disorder of gastric function but rather as a heterogeneous condition resulting from 

complex interactions among gastric motor dysfunction, visceral hypersensitivity, the duodenal 

microenvironment, immune activation, the gastrointestinal microbiota, and the central nervous 

system. 

 

This evolving understanding has important clinical implications. Although current management 

remains largely symptom-based, treatment should be individualized according to symptom 
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phenotype, Helicobacter pylori status, associated comorbidities, and the most likely underlying 

pathophysiological mechanisms. Established therapies—including H. pylori eradication, proton 

pump inhibitors, prokinetics, neuromodulators, and psychological interventions—remain the 

cornerstone of management, while emerging mechanism-based therapies offer promising 

opportunities to further improve patient outcomes. 

 

Future progress in FD will depend on the development of clinically applicable biomarkers, 

improved disease phenotyping, and well-designed prospective studies evaluating targeted 

therapeutic strategies. Integrating advances in translational research with clinical practice may 

facilitate the transition from empirical symptom-based management toward precision medicine, 

ultimately enabling more effective, individualized care and improving the quality of life of 

patients with FD. 

 

 

Disclosure 

Author Contributions 

Conceptualization: Hubert Bednarz, Magdalena Mortka 

Methodology: Hubert Bednarz, Magdalena Mortka, Maja Kopyto, Gabriela Piotrowska 

Software: not applicable 

Check: Agnieszka Anna Gaczoł, Kamil Idzik 

Formal analysis: Hubert Bednarz, Magdalena Mortka, Gabriela Piotrowska, Maja Kopyto 

Investigation: Hubert Bednarz, Magdalena Mortka, Gabriela Piotrowska, Zuzanna Lechowska 

Resources: Hubert Bednarz, Magdalena Mortka, Gabriela Piotrowska, Agnieszka Anna Gaczoł, 

Michał Kawa, Kamil Idzik 

Data curation: Hubert Bednarz, Magdalena Mortka, Zuzanna Lechowska 

Writing - rough preparation: Weronika Grzyb-Kurnik, Michał Kurnik, Tomasz Kilian 

Writing - review and editing: Aleksander Urbaś, Paulina Kopcińska 

Visualization: Agnieszka Anna Gaczoł, Dominika Grzybowska,  

Supervision: Hubert Bednarz, Paulina Kopcińska, Magdalena Mortka 

Project administration: Hubert Bednarz, Magdalena Mortka, Maja Kopyto 

 

27



Receiving funding: not applicable 

 

 

All authors have read and agreed with the published version of the manuscript. 

 

 

 

Funding statement: 

This research received no external funding. 

 

Statement of the institutional review board: 

Not Applicable. 

 

Statement of informed consent: 

Not Applicable. 

 

Statement of data availability: 

Not Applicable. 

 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

 

AI Statement 

During the preparation of this manuscript, the authors used Perplexity (powered by GPT-5.1) 

solely to assist with language editing and literature organization. All scientific interpretation, 

critical appraisal of the literature, and final editorial decisions were performed by the authors. 

The authors reviewed and approved the final manuscript and accept full responsibility for its 

content. 

 

 

28



References: 

 

1.​ Black CJ, Paine PA, Agrawal A, Aziz I, Eugenicos MP, Houghton LA, Hungin P, 

Overshott R, Vasant DH, Rudd S, Winning RC, Corsetti M, Ford AC. British Society of 

Gastroenterology guidelines on the management of functional dyspepsia. Gut. 2022 

Sep;71(9):1697-1723. doi: 10.1136/gutjnl-2022-327737. Epub 2022 Jul 7. PMID: 

35798375; PMCID: PMC9380508. 

2.​ Tadayuki Oshima; Functional Dyspepsia: Current Understanding and Future Perspective. 

Digestion 8 January 2024; 105 (1): 26–33. https://doi.org/10.1159/000532082 

3.​ Broeders BWLCM, Carbone F, Balsiger LM, Schol J, Raymenants K, Huang I, 

Verheyden A, Vanuytsel T, Tack J. Review article: Functional dyspepsia-a gastric 

disorder, a duodenal disorder or a combination of both? Aliment Pharmacol Ther. 2023 

Apr;57(8):851-860. doi: 10.1111/apt.17414. Epub 2023 Mar 1. PMID: 36859629. 

4.​ Lee K, Kwon CI, Yeniova AÖ, Koyanagi A, Jacob L, Smith L, Lee SW, Rahmati M, Shin 

JY, Shin JI, Cho W, Yon DK. Global prevalence of functional dyspepsia according to 

Rome criteria, 1990-2020: a systematic review and meta-analysis. Sci Rep. 2024 Feb 

20;14(1):4172. doi: 10.1038/s41598-024-54716-3. PMID: 38378941; PMCID: 

PMC10879214. 

5.​ Gabbard S, Vijayvargiya N. Functional dyspepsia: How to manage the burn and the bloat. 

Cleve Clin J Med. 2024 May 1;91(5):301-307. doi: 10.3949/ccjm.91a.23062. PMID: 

38692696. 

6.​ Farcas RA, Almasri M, Grad S, Popa SL, Leucuta DC, Ismaiel A, Dumitrascu DL. 

Breaking Barriers in Functional Dyspepsia: A Systematic Review and Meta-analysis on 

Duodenal Tight Junction Protein Expression. J Neurogastroenterol Motil. 2024 Jul 

30;30(3):281-289. doi: 10.5056/jnm24013. PMID: 38972865; PMCID: PMC11238099. 

7.​ Törnblom H, Carbone F, Hasler WL, Smout A, Suzuki H, Tack J, Talley NJ, Stanghellini 

V. Gastroduodenal Disorders. Gastroenterology. 2026 May;170(6):1240-1260. doi: 

10.1053/j.gastro.2026.01.038. Epub 2026 Feb 17. PMID: 41713705. 

8.​ Tack J, Palsson OS, Bangdiwala SI, Schol J, Carbone F, Van Den Houte K, Broeders B, 

Drossman D, Dumitrascu DL, Fang X, Fukudo S, Ghoshal UC, Kellow J, Khatun R, 

Okeke E, Quigley EM, Schmulson M, Simrén M, Whitehead WE, Whorwell P, Sperber 

29

https://doi.org/10.1159/000532082


AD. Functional Dyspepsia and Its Subgroups: Prevalence and Impact in the Rome IV 

Global Epidemiology Study. Aliment Pharmacol Ther. 2025 Aug;62(3):330-339. doi: 

10.1111/apt.70189. Epub 2025 May 28. PMID: 40434285; PMCID: PMC12239946. 

9.​ Esterita T, Dewi S, Suryatenggara FG, Glenardi G. Association of Functional Dyspepsia 

with Depression and Anxiety: A Systematic Review. J Gastrointestin Liver Dis. 2021 Jun 

18;30(2):259-266. doi: 10.15403/jgld-3325. PMID: 33951117. 

10.​Ostadsharif N, Haghighatdoost F, Forooshani MA, Hajihashemi P, Adibi P. Association 

between dietary habits and risk of functional dyspepsia: a systematic review and 

meta-analysis of observational data. J Health Popul Nutr. 2026 Jan 13;45(1):54. doi: 

10.1186/s41043-025-01223-4. PMID: 41527009; PMCID: PMC12888455. 

11.​Shah A, Fairlie T, Brown G, Jones MP, Eslick GD, Duncanson K, Thapar N, Keely S, 

Koloski N, Shahi M, Walker MM, Talley NJ, Holtmann G. Duodenal Eosinophils and 

Mast Cells in Functional Dyspepsia: A Systematic Review and Meta-Analysis of 

Case-Control Studies. Clin Gastroenterol Hepatol. 2022 Oct;20(10):2229-2242.e29. doi: 

10.1016/j.cgh.2022.01.014. Epub 2022 Feb 3. PMID: 35123088. 

12.​Lee K, Kim H, Wang JH. Clinical Evidence Linking the Gut Microbiome and Functional 

Dyspepsia: A Systematic Review and Meta-Analysis. Biomedicines. 2026 Feb 

18;14(2):457. doi: 10.3390/biomedicines14020457. PMID: 41751356; PMCID: 

PMC12938209. 

13.​Kim SH, Choi Y, Oh J, Lim EY, Lee JE, Song EJ, Nam YD, Kim H. Associations among 

the Duodenal Ecosystem, Gut Microbiota, and Nutrient Intake in Functional Dyspepsia. 

Gut Liver. 2024 Jul 15;18(4):621-631. doi: 10.5009/gnl230130. Epub 2023 Nov 30. 

PMID: 38031491; PMCID: PMC11249935. 

14.​Tack J, Piessevaux H, Coulie B, Caenepeel P, Janssens J. Role of impaired gastric 

accommodation to a meal in functional dyspepsia. Gastroenterology. 1998 

Dec;115(6):1346-52. doi: 10.1016/s0016-5085(98)70012-5. PMID: 9834261. 

15.​Zhang X, Chen L, Zhang T, Gabo R, Wang Q, Zhong Z, Yao M, Wei W, Su X. Duodenal 

microbiota dysbiosis in functional dyspepsia and its potential role of the duodenal 

microbiota in gut-brain axis interaction: a systematic review. Front Microbiol. 2024 Aug 

6;15:1409280. doi: 10.3389/fmicb.2024.1409280. PMID: 39165566; PMCID: 

PMC11333454. 

30



16.​Puthanmadhom Narayanan S, O'Brien DR, Sharma M, Smyrk TC, Graham RP, Grover 

M, Bharucha AE. Duodenal Mucosal Barrier in Functional Dyspepsia. Clin Gastroenterol 

Hepatol. 2022 May;20(5):1019-1028.e3. doi: 10.1016/j.cgh.2021.09.029. Epub 2021 Oct 

2. PMID: 34607017; PMCID: PMC8975906. 

17.​Camilleri M, BouSaba J. Potential Value of Biomarker-Based Approaches for Evaluation 

and Management of Costly Functional Gastrointestinal Diseases. Clin Gastroenterol 

Hepatol. 2023 Sep;21(10):2462-2472. doi: 10.1016/j.cgh.2023.04.030. Epub 2023 May 8. 

PMID: 37164114; PMCID: PMC10524924. 

18.​Malfertheiner P, Megraud F, Rokkas T, Gisbert JP, Liou JM, Schulz C, Gasbarrini A, 

Hunt RH, Leja M, O'Morain C, Rugge M, Suerbaum S, Tilg H, Sugano K, El-Omar EM; 

European Helicobacter and Microbiota Study group. Management of Helicobacter pylori 

infection: the Maastricht VI/Florence consensus report. Gut. 2022 Aug 

11;71(9):1724-1762. doi: 10.1136/gutjnl-2022-327745. PMID: 35944925. 

19.​Pinto-Sanchez MI, Yuan Y, Hassan A, Bercik P, Moayyedi P. Proton pump inhibitors for 

functional dyspepsia. Cochrane Database Syst Rev. 2017 Nov 21;11(11):CD011194. doi: 

10.1002/14651858.CD011194.pub3. PMID: 29161458; PMCID: PMC6485982. 

20.​Qi Q, Wang N, Liu H, Li Y. Prokinetics for the treatment of functional dyspepsia: an 

updated systematic review and network meta-analysis. BMC Gastroenterol. 2023 Oct 

31;23(1):370. doi: 10.1186/s12876-023-03014-9. PMID: 37907846; PMCID: 

PMC10617220. 

21.​Shanmugham S, Zuber M, Chan JE, Kumar S, Ching SM, Lee YY, Vadakkechalil H, 

Veettil SK. Efficacy of antidepressants in functional dyspepsia: Systematic review and 

meta-analysis with trial sequential analysis of randomized controlled trials. Indian J 

Gastroenterol. 2025 Feb;44(1):24-34. doi: 10.1007/s12664-024-01648-5. Epub 2024 Aug 

24. PMID: 39180628. 

22.​Wei Z, Xing X, Tantai X, Xiao C, Yang Q, Jiang X, Hao Y, Liu N, Wang Y, Wang J. The 

Effects of Psychological Interventions on Symptoms and Psychology of Functional 

Dyspepsia: A Systematic Review and Meta-Analysis. Front Psychol. 2022 Apr 

8;13:827220. doi: 10.3389/fpsyg.2022.827220. PMID: 35465581; PMCID: 

PMC9024246. 

31



23.​Shen X, Xie A, Li Z, Jiang C, Wu J, Li M, Yue X. Research Progress for Probiotics 

Regulating Intestinal Flora to Improve Functional Dyspepsia: A Review. Foods. 2024 Jan 

2;13(1):151. doi: 10.3390/foods13010151. PMID: 38201179; PMCID: PMC10778471. 

24.​Zhang J, Wu HM, Wang X, Xie J, Li X, Ma J, Wang F, Tang X. Efficacy of prebiotics and 

probiotics for functional dyspepsia: A systematic review and meta-analysis. Medicine 

(Baltimore). 2020 Feb;99(7):e19107. doi: 10.1097/MD.0000000000019107. PMID: 

32049821; PMCID: PMC7035106. 

25.​Mahadeva S, Siah KTH, Ghoshal UC, Suzuki H, Lee YY, Chuah KH, Chung V, Zhong L, 

Tay BW, Ang BH, Sinnanaidu RP, Bai T, Oshima T, Patcharatrakul T, Sachdeva S, Tseng 

PH, Liu J, Xiao Y, Vilaichone RK, Lee JS, Oh JH, Syam AF, Lu CL, Ang TL, Sung IK, 

Hou XH, Sugano K, Wu J, Miwa H. Second Asian Consensus Report on Functional 

Dyspepsia (2025): Updated Recommendations. J Gastroenterol Hepatol. 2026 

Mar;41(3):832-853. doi: 10.1111/jgh.70222. Epub 2026 Feb 8. PMID: 41656163; 

PMCID: PMC12969256. 

26.​Pasricha PJ, Grover M, Yates KP, Abell TL, Bernard CE, Koch KL, McCallum RW, 

Sarosiek I, Kuo B, Bulat R, Chen J, Shulman RJ, Lee L, Tonascia J, Miriel LA, Hamilton 

F, Farrugia G, Parkman HP; National Institute of Diabetes and Digestive and Kidney 

Diseases/National Institutes of Health Gastroparesis Clinical Research Consortium. 

Functional Dyspepsia and Gastroparesis in Tertiary Care are Interchangeable Syndromes 

With Common Clinical and Pathologic Features. Gastroenterology. 2021 

May;160(6):2006-2017. doi: 10.1053/j.gastro.2021.01.230. Epub 2021 Feb 3. PMID: 

33548234; PMCID: PMC8547190. 

27.​Tziatzios G, Stylianakis E, Damoraki G, Gkolfakis P, Leite G, Mathur R, Pimentel M, 

Giamarellos-Bourboulis EJ, Triantafyllou K. Third generation sequencing analysis 

detects significant differences in duodenal microbiome composition between functional 

dyspepsia patients and control subjects. Neurogastroenterol Motil. 2025 

Jan;37(1):e14955. doi: 10.1111/nmo.14955. Epub 2024 Nov 3. PMID: 39491051; 

PMCID: PMC11650425. 

28.​Huyghe P, Ceulemans M, Keita ÅV, Söderholm J, Depoortere I, Tack J, Wauters L, 

Vanuytsel T. The Duodenal Microenvironment in Functional Dyspepsia. J 

32



Neurogastroenterol Motil. 2025 Apr 30;31(2):186-198. doi: 10.5056/jnm24176. PMID: 

40205896; PMCID: PMC11986653. 

29.​Sclocco R, Fisher H, Staley R, Han K, Mendez A, Bolender A, Coll-Font J, Kettner NW, 

Nguyen C, Kuo B, Napadow V. Cine gastric MRI reveals altered Gut-Brain Axis in 

Functional Dyspepsia: gastric motility is linked with brainstem-cortical fMRI 

connectivity. Neurogastroenterol Motil. 2022 Oct;34(10):e14396. doi: 

10.1111/nmo.14396. Epub 2022 May 13. PMID: 35560690; PMCID: PMC9529794. 

30.​Mao Y, Zhang P, Sun R, Zhang X, He Y, Li S, Yin T, Zeng F. Altered resting-state brain 

activity in functional dyspepsia patients: a coordinate-based meta-analysis. Front 

Neurosci. 2023 May 12;17:1174287. doi: 10.3389/fnins.2023.1174287. PMID: 

37250423; PMCID: PMC10213416. 

33


