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Anxiety and depression are associated with increased 
counts and degranulation of duodenal mast cells in 
functional dyspepsia
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Abstract: Background: Patients with functional dyspepsia (FD) have increased risks for psychological dysfunction 
than healthy peoples. This study aimed to explore the roles of psychosocial factors and duodenal mast cells in the 
pathogenesis of FD. Material and methods: We prospectively included 48 FD patients and 21 age- and sex-match 
healthy volunteers. There were 23 patients with postprandial distress syndrome (PDS) and 25 patients with epi-
gastric pain syndrome (EPS). The Hospital Anxiety Depression Scale (HADS) was administered to evaluate their 
psychosocial status. Upper endoscopy was performed with biopsy of the mucosa from the bulb of duodenum. Mast 
cells counts and degranulation rates were identified by toluidine blue staining. The relationship among the scores 
of HADS-A (anxiety) and HADS-D (depression) and the mast cell counts and degranulation rates were analyzed. 
Results: The scores of HADS-A and HADS-D were significantly higher in PDS and EPS patients than the normal con-
trols (P<0.05). The mast cell counts and degranulation rates in the duodenum were significantly increased in PDS 
and EPS patients than the controls (P<0.05). In either PDS or EPS patients, the HADS-A and HADS-D scores were 
positively correlated with the mast cell counts and degranulation rate. Conclusion: FD patients had significantly 
higher risks for anxiety and depression, which may lead to FD through the increased mast cell counts and degranu-
lation.
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Introduction

Functional dyspepsia (FD) is the most prevalent 
functional gastrointestinal disorder, and con-
sists of two subtypes of postprandial distress 
syndrome (PDS) and epigastric pain syndrome 
(EPS) [1]. However, the etiology and pathogen-
esis of FD are not completely clear yet. Patients 
with FD manifest decreased antral/duodenal 
motility, increased spontaneous duodenal acid 
exposure, increased sensitivity to intraduode-
nal lipid, and duodenal immune hyperactivity. It 
has been shown that the duodenum is a critical 
site where symptoms of FD originate [2]. The 
mast cells in the duodenum are important local 
immune effector cells and are found to be 
involved in the pathogenesis of FD [3-5].

Psychological factors have been shown to play 
important roles in the gastrointestinal senso-

rimotor functions and symptoms [6]. The state 
of anxiety is associated with gastric sensitivity 
and compliance in FD patients [7]. It has also 
been found that comorbidity of mood and anxi-
ety disorders in functional gastrointestinal dis-
order patients is 50% higher than in the general 
population [6, 8, 9].

Psychological factors such as anxiety and 
depression may affect gastrointestinal target 
organ by the brain-gut axis, leading to changes 
in the gastrointestinal motor, sensory, secre-
tion, and the immune functions. However, the 
relationship between psychological factors and 
mast cells in FD is not clear. The aim of this 
study was to investigate the relationship 
between anxiety and depression status and the 
activation of mast cells in the duodenum of FD 
patients.
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water, differentiated with 0.5% glacial ace-
tic acid solution until showing clear nuclei 
and cytoplasm granules. The mast cells 
were counted under microscope (BX51T, 
Olympus, Japan). The percentage of mast 
cells with degranulation was calculated.

Statistical analysis

Table 1. Basic information of the patients and normal 
controls

PDS 
(n=23)

EPS 
(n=25)

Controls 
(n=21)

P-
value

Mean age (year) 44.6±7.3 47±15.7 45.5±10.6 >0.05
Sex (male/female) 5/18 8/17 9/12 >0.05

Material and methods 

Patients and controls

We prospectively recruited 48 newly diagnosed 
FD patients diagnosed according to the Rome 
III [10] criteria and 21 age- and sex-matched 
healthy volunteers. A complete medical history 
and physical examination was carried out to 
exclude history of surgery, Helicobacter pylori 
(HP) infection, gastroesophageal reflux, esoph-
agitis, malignancy, and anaphylactic diseases 
in all participants. Informed consent was 
obtained from the participants. This study was 
approved by the Ethics Committee of Tai’an City 
Central Hospital.

Anxiety and depression scores

Two well-trained physicians interviewed all the 
participants and administered the Hospital 
Anxiety Depression Scale (HADS) [11]. The anxi-
ety score (HADS-A) and depression score 
(HADS-D) were calculated.

Specimen collection

Gastroscopy (Olympus, Japan) was performed 
to obtain 2-3 pieces of mucous mucosa from 
the duodenal bulb from the FD patients and the 
controls. The samples were fixed in formalde-
hyde, imbedded in paraffin, and cut into 3-μm 
sections.

Toluidine blue staining

Toluidine blue staining was used to identify the 
mast cells. Sections were deparaffined, stained 
with 0.5% toluidine blue solution, washed with 

Continuous data were expressed as mean ± 
standard deviation (SD). Statistical analysis 
was performed using SPSS 13.0 software 
(SPSS, US). Comparison was made using 
Kruskal-Wallis test. Correlation analysis was 
performed with Spearman coefficient. A P-value 
less than 0.05 was considered statistically 
significant.

Results

Patient information

There were 23 patients with postprandial dis-
tress syndrome (PDS) and 25 patients with epi-
gastric pain syndrome (EPS). No significant dif-
ference in age and sex was found between PDS 
patients, EPS patients, and normal controls 
(Table 1).

HADS scores

The scores of HADS-A and HADS-D were signifi-
cantly higher in subjects with PDS (P=0.032, 
P=0.023) and EPS (P=0.018, P=0.035) in com-
parison with normal controls (Table 2). However, 
no significant difference was found in HADS 
scores between the PDS and EPS patients 
(P>0.05).

Duodenal mast cells counts and degranulation

Mast cells without degranulation showed even 
cytoplasm and clear membrane, while mast 
cells with degranulation were irregular with rup-
tured membrane, releasing particles around 
the membrane (Figure 1). Mast cells counts 
and the percentage of mast cells with degranu-
lation were significantly higher in PDS and EPS 
patients than normal controls (P<0.001), but 
did not differ significantly between the PDS and 
EPS patients (Table 3).

Correlation analysis

In PDS patients, both HADS-A and HADS-D 
scores were positively correlated with the mast 
cell counts (r=0.843, P<0.001; r=0.654, 
P<0.001) and degranulation rates (r=0.714, 

Table 2. The scores of HADS-A and HADS-D 
in PDS patients, EPS patients, and normal 
controls (mean ± SD)

PDS 
(n=23)

EPS 
(n=25)

Controls 
(n=21) P-value

HADS-A 7.0±5.4* 7.4±5.4* 4.0±2.3 0.032
HADS-D 7.3±5.3* 7.1±5.1* 4.1±3.0 0.023
*, vs normal controls.
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P<0.001; r=0.461, P<0.001). Similarly, in EPS 
patients, both HADS-A and HADS-D scores 
were positively correlated with the mast cell 
counts (r=0.794, P<0.001; r=0.545, P<0.001) 
and degranulation rates (r=0.757, P<0.001; 
r=0.585, P<0.001).

Discussion

The prevalence of FD are estimated to be 
approximately 3.5%-27.0% in children/adoles-
cents and 20%-30% in adults [12, 13]. This dis-
order manifests persistent or recurrent pain or 
discomfort in the upper abdomen regardless 
the changes in stool frequency or form. FD in 
adults can be categorized into two subtypes, 
PDS and EPS. PDS is defined as bothersome 
postprandial fullness occurring after ordinary 
sized meals and/or early satiation that prevents 
finishing a regular meal. EPS is defined as inter-
mittent pain or burning of at least mode- 
rate severity localized to the epigastrium. 
Psychological factors have been shown to be 
closely related to FD [6-9]. Our study investi-
gated the psychological factors in FD patients 
using HADS, a validated score for the assess-
ment of anxiety and depression. It was found 
that in patients with FD, either PDS or EPS, the 
anxiety and depression scores were significant-

mediator process between the psychological 
factors and gastrointestinal disorders. Our 
study found that the counts and degranulation 
rate of mast cells in the bulb of duodenum are 
significantly increased in FD patients. Mast 
cells are rich in the gastrointestinal tract and 
play important roles in the enteric nervous sys-
tem [14-18]. It is thought that various stress 
factors such as infection, psychological stress, 
and food allergies may act on the stress 
response system of the brain, then affect the 
gastrointestinal target organs through the 
brain-gut axis, leading to changes in the gastro-
intestinal motor, sensory, secretion, and the 
immune functions, and finally leading to FD. 
However, the specific molecular mechanisms 
that link the psychological factors and master 
cells still need further investigation.

The pathological roles of mast cells in gastroin-
testinal diseases have been well studied in irri-
table bowel syndrome, which shows increased 
cell counts in the ileum and colon [19, 20]. In 
addition, it also has been found that the num-
ber of degranulation mast cells and those close 
to intestinal nerves is associated with the 
symptom severity of irritable bowel syndrome 
[21]. Previous studies showed that FD patients 
had increased mucosal mast cell density in the 
stomach [3], and that patients with irritable 

Figure 1. A. Duodenal mast cells in subjects with FD, showing significantly increased number and degranulation 
(arrow). B. Mast cells in the duodenal membrane of normal control (arrow) (40×).

Table 3. Mast cells counts and degranulation rates in PDS pa-
tients, EPS patients, and normal controls

PDS 
(n=23)

EPS  
(n=25)

Controls 
(n=21) P-value

Mast cells counts 121±13.8* 120.9±13.1* 104.3±20.8 <0.001
Degranulation rate (%) 59.8±4.5* 60.6±5.7* 25.4±2.3 <0.001
*, vs normal controls.

ly higher than normal controls, 
suggesting that psychological 
problems are common in FD 
patients.

Recently, the importance of 
inflammation as a contributing 
factor to FD is being increas-
ingly appreciated. We speculate 
inflammation may serve as a 
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bowel syndrome had increased mast cell den-
sity in the duodenum [22]. In our study, we 
found that the mast cell counts and degranula-
tion were significantly increased in FD patients, 
regardless of PDS or EPS. Our findings suggest 
that the mast cells may also play a role in the 
pathogenesis FD in the duodenum.

This study is with limitations. We recruited a 
small sample size and therefore the subgroups 
of PDS and EPS patients are even small in num-
ber. This may compromise the statistical power. 
Second, we excluded patients with HP infec-
tion. Although the potential role of HP infection 
in FD pathogenesis is still controversial [23], 
there is still research showing that HP infection 
may induce mast cell migration and activation 
[24]. Lack of HP infection status in our patients 
may introduce bias into the mast cell results.

Conclusions

In summary, FD patients have increased num-
ber of mast cells and degranulation in the duo-
denal bulb, and the patient anxiety and depres-
sion is associated with mast cell density and 
degranulation, suggesting a mechanism of psy-
chological factors in the pathogenesis of FD.
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