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Pancreatic Dysfunction and Duodenal Inflammatory Responses Coordinate

with Refractory Epigastric Pain Including Functional Dyspepsia:

A Narrative Review
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Some patients with functional dyspepsia (FD) have abnormalities in pancreatic enzymes and chronic

pancreatitis. Since 2009, when the idea of early chronic pancreatitis (ECP) first emerged, the utility of

endoscopic ultrasonography gained attention, as it can help identify early chronic pancreatitis in pa-

tients with dyspepsia. Although the symptoms associated with pancreatic enzyme abnormalities and

pancreatic dysfunction overlap with those of dyspepsia, no available data explain the direct relation-

ships and linkages between pancreatic dysfunction and dyspeptic symptoms. Disturbance of exocrine

pancreatic enzyme function and reduction in pancreatic endocrine levels, such as insulin, may be associ-

ated with dyspeptic symptoms through impaired gastric emptying and duodenal inflammation. Some

recent studies have examined the role of duodenal pathophysiology in gastric motility, bicarbonate se-

cretion, and digestion. Because reduced bicarbonate secretion, which is caused by pancreatic dysfunc-

tion, leads to a failure to neutralize gastric acid in the proximal duodenum, impaired bicarbonate secre-

tion in turn fails to protect the duodenal mucosa against gastric acid influx, thereby inducing duodenal

inflammation. In addition, elevated trypsin levels might be associated in part with duodenal inflamma-

tory responses through PAR2-related immunomodulatory cells. This review describes how duodenal in-

flammation might affect the pathogenesis of FD and examines whether pancreatic dysfunction is associ-

ated with FD through intestinal inflammation. (J Nippon Med Sch 2022; 89: 255―262)
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Introduction

The Rome IV criteria define functional dyspepsia (FD) as

the presence of one or more of the following symp-

toms―postprandial fullness, early satiation, epigastric

pain, or epigastric burning―in a person with no evi-

dence of organic disease that explains these symptoms.

These symptoms must have been present for the preced-

ing 3 months, with symptom onset at least 6 months be-

fore diagnosis1. Thus, the diagnostic criteria for FD re-

quire exclusion of all other potential causes (Fig. 1)2. The

relationship between pancreatic dysfunction and dyspep-

sia has been studied1. Previous studies have reported that

FD overlaps with pancreatic enzyme abnormalities and

chronic pancreatitis in some patients3―6. Since 2009, when

the concept of early chronic pancreatitis (ECP) was intro-

duced to the clinical diagnostic criteria for chronic pan-

creatitis, the utility of endoscopic ultrasonography (EUS)

has attracted attention, as it may play a pivotal role in

distinguishing ECP from dyspepsia. ECP is diagnosed

when imaging shows two or more of the four EUS find-

ings shown in Figure 2. In addition, two or more rele-

vant clinical symptoms or laboratory findings must be

present (including repeated attacks of epigastric pain, ab-

normalities in blood/urine pancreatic enzymes, exocrine

pancreatic dysfunction, chronic alcohol intake [≥60 g/

day] or variants in pancreatitis-related genes, and past

history of acute pancreatitis; Fig. 2). According to the FD

diagnostic criteria, there should be no evidence of struc-

tural disease on ultrasonography, upper endoscopy, or

computed tomography, as these could explain symptoms
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Fig.　1　Flowchart for diagnosis of refractory epigastric pain, including functional dys-

pepsia and early chronic pancreatitis

We exclude structural diseases, such as hepatobiliary diseases, GI tract diseas-

es and chronic pancreatitis, through physical examination, blood testing, en-

doscopy, and CT scanning. After exclusion of structural diseases, functional 

dyspepsia and early chronic pancreatitis can be diagnosed.

ECG: electrocardiography; AST: aspartate transaminase; ALT: alanine trans-

aminase; ALP: alkaline phosphatase; CT: computed tomography; FD: func-

tional dyspepsia

Fig.　2　Diagnosis of early chronic pancreatitis

Diagnosis of early chronic pancreatitis

Clinical findings

1. Recurrent episodes of epigastric pain or back pain
2. Abnormalities in blood/urine pancreatic enzymes
3. Exocrine pancreatic dysfunction
4. Chronic alcohol intake ( 60 g/day) or variants in pancreatitis-related genes
5. Past history of acute pancreatitis

Imaging findings

a. EUS findings (more than 2 score including 1 or 2 items) 
1. Hyperechoic foci or strands
2. Lobularity
3. Hyperechoic MPD margin
4. Dilated side branches

b. MRCP or ERCP images (irregular dilatation in more than three side branches) 

of FD. However, if patients exhibit any structural abnor-

malities on EUS, which can detect slight abnormalities

not detectable by other tests, FD can still be diagnosed

on the basis of the current criteria, even when structural

abnormalities of the pancreas are detected by EUS. If pa-

tients have fewer than two structural abnormalities

among those listed in the ECP criteria, ECP should not

be diagnosed; patients must have two or more structural

abnormalities to satisfy the ECP criteria for diagnosis.

Although the pathophysiology of FD is not fully un-
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derstood and is considered multifactorial, local inflam-

mation in the gastrointestinal tract, particularly duodenal

inflammation, may be important in the pathophysiology

of FD7. In this article, we review how local inflammation

in the gastrointestinal tract may play a role in the patho-

physiology of FD and examine whether pancreatic dys-

function is associated with functional dyspepsia through

intestinal inflammation.

Pancreatic Dysfunction and Functional Dyspepsia

Pancreatic dysfunction can be classified as exocrine dys-

function, endocrine dysfunction, and decreased bicarbon-

ate secretion. In ECP patients, pancreatic enzyme abnor-

malities due to exocrine dysfunction lead to elevation of

pancreatic enzyme levels. Elevation of trypsin was found

to be the most sensitive marker for ECP and FD patients,

as we previously reported8.

Okada et al9 reported elevated serum lipase levels in

patients with idiopathic chronic dyspepsia. Interestingly,

half of the enrolled patients with PPI-refractory FD had

pancreatic enzyme abnormalities in our previous study8.

In addition, Hashimoto et al10 reported that 76.2% of FD

patients had abnormal trypsin levels. Furthermore, Sahai

et al3 reported that dyspepsia might be an atypical pres-

entation of pancreatic disease as diagnosed by endo-

scopic ultrasonography (EUS)8. Although the symptoms

of patients with pancreatic enzyme abnormalities and

pancreatic dysfunction overlap those of patients present-

ing with dyspepsia symptoms, no available data can ex-

plain the relationship between pancreatic dysfunction

and dyspeptic symptoms. Fujikawa et al11 found that

more than 70% of FD patients with symptoms of

postprandial distress syndrome had pancreatic exocrine

dysfunction.

In addition, patients with severe aggravated pancreatic

dysfunction, such as in diabetes, were reported to have

gastroparesis12,13. Findings from these and other studies11,13

suggest that dysfunction of exocrine pancreatic enzymes

and diminished levels of pancreatic endocrine enzymes,

such as insulin, may be associated with dyspeptic symp-

toms through impaired gastric emptying and duodenal

inflammation. Gastric dysmotility and pancreatic secre-

tion are controlled by multiple neurohormonal mecha-

nisms, including GLP-1, CCK, and extrinsic parasympa-

thetic pathways12. Therefore, delayed gastric motility is

associated with a temporal mismatch between blood glu-

cose and insulin secretion, which jeopardizes regulation

of postprandial glycemia. Thus, gastric dysmotility might

be linked with pancreatic dysfunction. Future studies

should attempt to to clarify the effects of pancreatic dys-

function on the pathogenesis of FD.

Duodenal Inflammation Has Pivotal Roles in FD

Several studies of the interaction between FD and duode-

nal inflammation7,14 have revealed a variety of inflamma-

tory cells in the duodenal mucosa, including eosinophils,

macrophages, and mast cells15. Although the brain-gut

axis was reported to mediate activation of mast cells in

the GI tract by stimulating production of corticotropin-

releasing hormone (CRH), which has been linked to mu-

cosal permeability via activation of migrated inflamma-

tory cells16, no study has evaluated prolongation of in-

flammatory cells in the intestine. Yuan et al reported that

anxiety and depression are associated with increased

mast cell counts and degranulation of duodenal mast

cells in FD17. Migration of macrophage infiltration in the

lamina propria and mesenchymal muscularis in urocortin

2-treated rat models18 suggests that continuous CRF

stimulation under stressful conditions aggravates mu-

cosal inflammation during infection. In our study, we

speculated that the microbiota, as well as LPS stimula-

tion, has important roles in patients with FD or IBS. In-

fectious gastroenteritis is thought to be a risk factor for

FD and IBS. Indeed, post-infectious functional gastroin-

testinal diseases is a separate category19,20. The gut micro-

biota can also indirectly influence FD symptoms through

the brain-gut axis21 and has an important role in host

physiology, homeostasis, CNS function, and host behav-

ior22, thus inducing gut inflammation. Gut hormones se-

creted from duodenal mucosa, including GLP-1, GIP, and

PYY, were important in gastric motility and nutrient ab-

sorption23―25. To clarify differences in duodenal inflamma-

tory responses between functional dyspepsia with pan-

creatic enzyme abnormalities (FD-P) and ECP, we com-

pared various phenotypes of duodenal inflammatory

cells, such as GLP-1-positive cells and degranulated

eosinophils, between FD-P patients and ECP patients8,26.

Pancreatic enzyme excretion is also affected by environ-

mental factors in the mucosa of the duodenum, and pan-

creatic dysfunction may, in turn, affect duodenal inflam-

matory responses (Fig. 3). However, no study has investi-

gated the relationship between duodenal inflammatory

responses and pancreatic dysfunction in patients with

FD.
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Fig.　3　Overview of roles of duodenal inflammatory responses through pancreatic dysfunction in the patho-

physiology of dyspepsia

Association between Pancreatic Dysfunction and the

Duodenum

(1) Decreased Pancreatic Bicarbonate Secretion in the

Duodenum

Because reduced bicarbonate secretion due to pancre-

atic dysfunction fails to neutralize gastric acid in the

proximal duodenum27, impaired bicarbonate secretion by

pancreatic dysfunction cannot protect duodenal mucosa

from gastric acid influx, which induces duodenal mu-

cosal inflammation (Fig. 3). Notably, duodenal inflamma-

tion28 may further induce pancreatic dysfunction through

the presence of leaky intestinal mucosa, which leads to

an increase in antigenic load from the intestinal lumen,

activation of the immune system, and, ultimately, de-

struction of pancreatic β cells (Fig. 3). Indeed, the intesti-

nal mucosa of patients with type 1 diabetes mellitus ex-

hibited elevated macrophage infiltration, where pancre-

atic dysfunction leads to destruction of β cells28.

(2) Pancreatic Exocrine Dysfunction

Pancreatic acinar cells have the highest rate of protein

turnover among human tissues, with synthesis and secre-

tion of high volumes of digestive enzymes, and exhibit a

rich network of ER29. In acute pancreatitis, stimulation

caused by genetic alterations, alcohol, autoimmunity, and

infections triggers inappropriate activation of trypsin30.

Some of these processes may overlap with the constella-

tion of factors associated with the pathogenesis of ECP

and FD. This suggests that trypsin has a critical role as a

first-line factor in the activation cascade of pancreatic en-

zymes (Fig. 4). Therefore, we hypothesized that in ECP

and FD-P some processes trigger trypsin activation,

which could lead to sustained pancreatic duct inflamma-

tion and sustained inflammation, thereby inducing pan-

creatic acinar cell death through activation of trypsino-

gen, infiltration of inflammatory cells, and upregulation

of ER stress31. We reported that FD-P patients exhibited

exocrine pancreatic dysfunction32 as was the case in a

previous study33. Because there were no available data on

exocrine pancreatic dysfunction in ECP patients, studies

of ECP patients are needed. We found that treatment

with camostat mesilate improved epigastric pain in ECP

patients34, and Ishikura et al reported that camostat mesi-

late reduced pancreatic pain by inhibiting neuronal acti-

vation in rodents35. Their study suggests that camostat

mesilate improves pancreatic pain by inhibiting neuronal

activation. In addition, our previous 1-year follow-up

study indicated that treatment including camostat mesi-

late improved EUS findings26. Further studies will be

needed to clarify why camostat mesilate can improve

EUS findings in ECP patients.

Disorganized Microbiomes

The gut microbiota has a major role in human physiol-

ogy because of its effects on metabolism, modulation of

the mucosal immune system, facilitation of digestion,

and modulation of intestinal architecture. Alterations in

the gut microbiota are present in pancreatic disease and

may have a role in the pathogenesis of several pancreatic

diseases, including pancreatitis and pancreatic cancer36.

Gut dysbiosis may contribute to the pathogenesis of pan-

creatic diseases36. Future studies should attempt to clarify
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Fig.　4　Relationship between impaired pancreatic enzyme secretion and pancreat-

ic enzyme levels

whether the microbiome in patients with ECP and FD-P

affects progression of chronic inflammation in the pan-

creas. Small intestinal bacterial overgrowth (SIBO) has

been observed in patients with chronic pancreatitis and is

thought to be more likely to arise in patients with

chronic pancreatitis, because of reduced pancreatic syn-

thesis of antimicrobial peptides, impaired motility, and

abnormal chyme formation in the lumen of small intes-

tine. SIBO also exacerbates pancreatic exocrine insuffi-

ciency36. In addition, bacteria identified in human pancre-

atic cancers are representative of the major genera of gut

bacteria, such as Proteobacteria36. However, evidence for a

causal relationship between gut dysbiosis and pancreatic

diseases is limited.

Trypsin-PAR2 Pathway

Trypsin works as an agonist on PAR-2 (protease activated

receptor-2; strongly expressed in the small intestine, co-

lon, liver, and pancreas) and induces leukocyte rolling,

adhesion, extravasation, and release of mediators from

mast cells, which, together with tryptase, also works on

PAR-2 as agonists (Fig. 3)37. Infiltration of these leuko-

cytes and mast cells in the small intestine may lead to in-

flammation of the duodenum. Tryptase is released from

degranulated mast cells in association with PAR2 recep-

tors on eosinophils, another type of inflammatory cell,

and causes epithelial breakdown, immune activation, vis-

ceral hypersensitivity, and activation of additional

eosinophils38. The mutual interaction between duodenal

inflammation and pancreatic dysfunction further sug-

gests that they synergistically worsen each other’s effects.

Duodenal Inflammation May Alter Gastric Motility

Because disturbance of gastric accommodation is a hall-

mark of FD, we used the 13C-acetate breath test to meas-

ure AUC5 and AUC15 values as the early phase of gastric

emptying. Our data show that AUC5 and AUC15 values in

patients with ECP were significantly higher than those in

FD-P patients8. This early phase of gastric emptying may

be regulated by various incretins, such as GLP-1, GIP,

and PYY-producing cells, in the upper small intestine, in-

cluding those in the duodenum. In particular, GLP-1 and

ghrelin coordinate to regulate early gastric emptying39.

Previous studies reported that duodenal inflammation

may modify early gastric emptying through various

incretin-producing cells during duodenal inflammation in

patients with FD. Indeed, among the population of in-

flammatory cells, macrophages modulate colonic peristal-

tic activity after stimulation by intestinal epithelial cell-

secreted mediators in a CRH-dependent manner40. Im-

pairment of the mucosal barrier is induced by duodenal

inflammatory cell infiltration and increased mucosal per-

meability, which have a negative synergistic effect with

each other.

Previous studies found a relationship between gastric

dysmotility and pancreatic dysfunction11. However, fur-

ther studies are needed to clarify whether pancreatic dys-

function is associated with gastric dysmotility through

inflammatory responses in the duodenum.

Some Cases of FD with Pancreatic Abnormalities

Progress to Early Chronic Pancreatitis

In Japan, to hinder the initial phase of chronic pancreati-

tis from progressing to chronic pancreatitis, new strate-
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Table　1　Comparison of ECP and RFD8, 10, 41

ECP RFD

Cause Alcohol, genetic, 
obstructive, idiopathic

Unknown (duodenal 
inflammation from 
multiple causes?)

Age Late 50s Late 50s

Sex Male (in alcoholic ECP)

Female predominance 
in non-alcoholic ECP

Female predominance

Symptoms GSRS Reflux + +

Abdominal pain + +~++

Dyspepsia + +

Diarrhea + +

Constipation + +

FD symptoms Early Satiety + ++

Postprandial abdom-
inal fullness

++ ++

Epigastric pain + +

Psychological symptoms Anxiety + +

Depressive mood + +

Sleep disturbances + +

Abnormality of pancreatic enzyme Amylase + –

Lipase + –

Elastase – –

Trypsin + + (in some patients)

PLA-2 – –

Gastric dysmotility Overall + +

Early phase (accommodation failure) ++ +~++

Duodenal inflammation + +

Microbiome + +

EUS findings Total score of 2 is the 
most common

Most patients have 
positive result

ECP: early chronic pancreatitis; RFD: refractory functional dyspepsia; GSRS: Gastrointestinal Symptoms Rating Scale; EUS: endo-

scopic ultrasonography

gies for managing early chronic pancreatitis have been

proposed41. The Japan Pancreatic Association (JPA) pro-

poses that four clinical criteria, including epigastric pain

and the presence of more than two EUS features, are

needed for a diagnosis of early chronic pancreatitis

(ECP)41. We previously compared the clinical characteris-

tics of patients with FD and those with ECP but found

no significant difference in GSRS score between these

groups (Table 1). Interestingly, even though epigastric

pain is a critical symptom in the diagnosis of ECP, our

previous findings suggest that postprandial abdominal

fullness and epigastric pain are as frequent in ECP as in

FD (Table 1). In our previous study, nearly half (48%) of

FD patients with pancreatic enzyme abnormalities had an

EUS score of 18, which indicates that some FD patients

who exhibit pancreatic organic abnormalities nevertheless

fail to meet the criteria for ECP. We compared EUS find-

ings in FD-P patients (n=54), ECP patients (n=26), and as-

ymptomatic patients with pancreatic enzyme abnormali-

ties (AP-P) (n=28). Lobularity (1/54: FD-P, 3/26: ECP and

0/28: AP-P), hyperechoic foci or strands (15/54: FD-P,

13/26: ECP and 4/28: AP-P), a hyperechoic MPD margin

(6/54: FD-P, 14/26: ECP and 3/28: AP-P), and dilated

side branches (0/54: FD-P, 3/26: ECP and 0/28: AP-P).

However, there are no available data on the precise

mechanisms of EUS findings in these diseases. Future

studies should attempt to clarify differences in the

mechanisms for EUS findings among these diseases.

It is interesting to note that while some populations of

alcoholic ECP patients tend to be progressive41, most non-

alcoholic patients with ECP were found to have im-

proved at 1 and 2 years of follow up8,26. Masamune et al

have reported that four of 83 cases of ECP progressed to

chronic pancreatitis41. However, the present FD-P patients

and ECP patients were similar clinically42, and some FD-P

patients eventually developed ECP. Two of 33 cases of

FD-P progressed to ECP. However, there are no available

data that indicate which FD-P patients progress to ECP
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or chronic pancreatitis.

Conclusion

In this review, we suggest that pancreatic dysfunction is

associated with functional dyspepsia through duodenal

inflammation. Future studies should examine the roles of

immunomodulatory cells, such as eosinophils, macro-

phages and mast cells, in pancreatic dysfunction-related

inflammatory responses in the duodenum.

Conflict of Interest: None.
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