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Abstract

Gastric dysmotility is frequently present among newly diagnosed 
and untreated patients with celiac disease. Increasing healthcare 
providers’ awareness and diagnoses of gastric dysmotility, and 
examining hormones that play a key role in regulating gastric motility, 
can contribute to increasing the rate of patient detection, diagnosis, 
and treatment of CD. This review aims to provides an overview of the 
presence of gastric dysmotility using different techniques, and explores 
the impact of some hormone disturbances on gastric motility in adults 
with CD. A literature search for gastric dysmotility in celiac disease 
was conducted using the internet databases PubMed, Science Direct, 
Web of Science, Google Scholar, Cochrane, and Medline. Significant 
gastric motility delays were found in untreated patients with celiac 
disease using techniques such as ultrasound, C-octanoic acid breath 
test, and electrogastrography. In contrast, an insignificant delay in 
gastric motility was found using Echo-Planar MRI, Antro-duodenal 
manometry, and PillCam techniques. Studies showed that high 
levels of neurotensin, serotonin, and pancreatic polypeptide plasma 
hormones could explain the delayed gastric motility in patients with 
celiac disease. Conflicting results were found regarding ghrelin levels 
and their effect on delayed gastric motility. Further studies are needed 
to assess gastric motility using standardized, nutritionally balanced test 
meals, using more convenient and less invasive techniques in patients 
with celiac disease. Additionally, high-quality studies are required to 
resolve the conflicting results on ghrelin levels and their impact on 
gastric dysmotility. The inclusion of other hormones such as gastrin 
and irisin, that affect gastric motility should also be considered.
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Introduction

Celiac Disease (CD) is one of the most prevalent worldwide 
genetic diseases. Over the last two decades, CD diagnosis rates 
have tripled globally [1]. The seroprevalence and prevalence of 
CD are 1.4% and 0.7%, correspondingly [2]. CD is a permanent 
autoimmune enteropathy triggered by the ingestion of dietary 
gluten in individuals with specific genetic makeup and resolves 
with the exclusion of gluten from the diet [3]. The only manage-
ment for CD is strict compliance with a gluten-free diet.

The high rates of CD globally result from the interplay be-
tween environmental factors: microbiome makeup [4], enteric 
viral infections [5], high wheat consumption [6], genetic factors: 
the presence of human leukocyte antigen HLA-DQ2 and/or HLA-
DQ8holotypes, and other genes [7]. However, the trigger for CD 
is unknown. Almost the whole body may get affected by CD, 
with more than 200 different signs and symptoms.

Dysmotility-like dyspeptic symptoms are one of the most 
common complaints among patients with CD. In a systematic 
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review and meta-analysis study conducted on patients com-
plaining of dyspepsia, around 1.5% of them were diagnosed 
with CD [8]. When an endoscopy investigation shows no patho-
logical cause, it is called functional dyspepsia. Functional dys-
pepsia was defined by the European Society for Neurogastroen-
terology and Motility as a long-lasting complaint of one or more 
symptoms, including heartburn, distressing upper abdomen 
distention, early satiety after meals, and post-prandial fullness 
[9]. Following a strict gluten-free diet can be potent in normaliz-
ing and improving gastric mobility among patients with CD [10].

The presence of gastric dysmotility in newly diagnosed pa-
tients with celiac disease is still a matter of debate [11-17]. In 
this review, we investigate the potential reasons behind the dif-
ferent outcomes regarding the presence or absence of gastric 
dysmotility in untreated patients with celiac disease. It has been 
hypothesized that different hormones such as neurotensin, se-
rotonin, pancreatic polypeptide plasma, and ghrelin could play 
a key role in the etiology of gastric dysmotility. However, re-
search in this field is still emerging, and additional research is 
required. We reviewed the association between neurotensin, 
pancreatic polypeptide plasma, serotonin and the presence 
of gastric dysmotility in untreated patients with celiac disease 
[11,17,18]. Moreover, we investigate the conflicting results re-
garding ghrelin levels and its effect on gastric dysmotility among 
the same patient’s population [14,17,19,20,21,22]. This review 
aims to provides an overview of the presence of gastric dys-
motility using different techniques, and explores the impact of 
some hormone disturbances on gastric motility in newly diag-
nosed, untreated adults with CD.

Materials and methods

A comprehensive literature search was carried out on gastric 
motility in patients with CD was performed using internetdata-
bases: PubMed, Science Direct, Web of Science, Google Scholar, 
Cochrane, and Medline. All types of original research and re-
views were included in the search. All articles were published 
in English, and in human adult populations, published between 
2000 and Nov 2022. The references in the reviews published 
were also examined for extra articles. A total of 13 papers have 
been found and discussed. Figure 1 illustrates the flow chart 
of searched results. This review included gastric myoelectri-
cal activity/ delayed gastric emptying; gastric motility/ gastric 
dysmotility, gastroparesis/ gastric stasis/ dyspepsia/ functional 
dyspepsia, celiac disease/ coeliac disease/ gluten enteropathy/ 
celiac Sprue, and hormones. Beside all the validated gastric mo-
tility techniques: Antro-duodenal manometry, C-octanoic acid 
breath test, ultrasound, Echo-Planar MRI, PillCam, and Electro-
gastrography. Additionally, all the hormones that affect gastric 
motility among patients with CD: neurotensin, ghrelin, pancre-
atic polypeptide plasma, and serotonin.To reduce selection bias 
and limit the heterogeneity of this review, we decided to exclude 
(1) animal studies; (2) children; (3) gastrointestinal disorders 
other than CD; (4) diabetes mellitus; (5) tobacco smoking; (6) al-
cohol abuse; (7) Intake of medications with known interference 
with gastric myoelectric activity and autonomic function (pro-
kinetics and antiemetics drugs, narcotic agents, anticholinergic 
drugs, and nonsteroidal anti-inflammatory agents); (8) patients 
with a history of abdominal surgeries or chronic disorders.

Techniques that measure gastric motility disorders among 
patients with CD in different studies

Over the past few decades, the delayed gastric emptying-
disorder in adults with CD has been studied using a variety 
of techniques. In 2000, Bardella et al. [11] used ultrasound to 
assess the gastric activity in 9 newly diagnosed CD patients 
with positive duodenal biopsy and 9 controls with negative CD 
serology tests. The participants ate a high-fat trial meal after 
midnight fasting. The antral area of the stomach activity was 
determined using ultrasound 30 minutes before, immediately 
after, and then every 30 minutes. The researchers found a sig-
nificant delay in gastric activity in patients with CD compared 
to the healthy controls (203±32 versus 133±15 min, P=0.0117). 
In 2005,Marciani et al. [12] used Echo-Planar MRI to study the 
gastric emptying rate among 15 untreated adults with CD and 
15 healthy controls. After midnight fasting, they ate a trial thin 
liquid meal, a validated dyspepsia questionnaire was applied, 
and a Single-shot modulus-blipped echo-planar single-pulse 
technique was performed. In-evident delayed gastric emptying 
was found (P=0.142). Similar results were observed by Bassotti 
et al. in 2008, [13] where Antro-duodenal manometry was used 
to assess the antro duodenojejunal motility in CD patients and 
controls, including 11 newly diagnosed patients with celiac dis-
ease, 12 treated CD patients with a gluten-free diet for at least 
one year and a half, and 33 healthy control groups. All patients 
performed a duodenal biopsy, and an unvalidated symptoms 
questionnaire was completed. After midnight fasting, antroduo-
denojejunal activity was registered for 6 hours, after which the 
participants ate a balanced gluten-free trial meal and registered 
3 hours of antro duodenojejunal activity. No significant delayed 
antroduodenal manometry activity was found in CD patients 
who abstained from food status (P=0.18) and post-prandial sta-
tus (P=0.12). In the same year, 2008, Rocco et al. [14] used a 
C-octanoic acid breath test to study the gastric transit times for 
solids in 20 newly diagnosed CD patients and 10 controls with 
reflux symptoms. A validated dyspepsia questionnaire was ad-
ministered, and a duodenal biopsy was obtained from all study 
subjects. The participants ate the high-fat test meal, and the re-
spiratory samples were collected pre-prandial and then every 15 
minutes for 4 hours post-prandial. They found gastric emptying 
was significantly delayed in all patients with CD (t1/2=252±101 
min; P<0.005). In another study of a larger group of CD patients 
in 2013, Urgesi et al. [15 used PillCam to study the gastric emp-
tying rate in 30 newly diagnosed adults with CD and 30 healthy 
matched control. Duodenal biopsies were obtained from all 
study subjects; after a bowel preparation and overnight fasting, 
they took the capsule endoscopy pill; 4 hours later, those pa-
tients ate a snack and 8 hours later, the data were downloaded. 
The gastric emptying rate was measured using RAPID 4 Soft-
ware. No significant variations in gastric emptying rates were 
seen among CD patients. Pearson’s correlation test showed 
a significant correlation between the gastric emptying rate in 
CD (r=0.1706). Similarly, Usai-Satta et al. (2016) [16] also used 
a C-octanoic acid breath test to study the gastric transit time 
in 12 newly diagnosed adult patients with CD and 30 healthy 
controls with reflux symptoms. A unvalidated symptom assess-
ment tool was used to measure dyspepsia symptoms, and a 
duodenal biopsy was obtained from all subjects. They ate a bal-
anced trial meal after midnight fasting, and breath tests were 
taken two times before and every 15 minutes post-prandial for 
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four hours. The gastric transit time of newly diagnosed adults 
with CD was significantly longer than controls (t1⁄2: 2056134 
versus 91621 min, p=0.01). After following a gluten-free diet 
for 12 months, a second C-octanoic acid breath test was con-
ducted in CD patients, and they ate the same trial meal but with 
a gluten-free ingredient. No significant improvement in the gas-
tric transit time was found, but dyspepsia symptoms improved 
significantly (p=0.0002). In line with this, in 2016, Przybylska-
Feluś et al. [17] used Electrogastrography (EGG) to measure 
gastric motility in 25 newly diagnosed adult patients with CD 
and 30 controls without GI complaints. A duodenal biopsy was 
obtained from patients with CD, and a blood sample was col-
lected from all study subjects. After midnight fasting (12 hs), 30 
minutes registration of gastric myoelectric activity using EGG at 
baseline and 1 hour after drinking oral nutritional supplements 
(Nutridrink, 300 kcal/300 ml, Nutricia). They found among pa-
tients with CD at baseline (fasting) a lower percentage of nor-
mogastria (54.8±24.5 vs. 86±12.3%, p=0.02) and steady wave 
coupling (52.7±13.4 vs. 77.4±11.9%; p=0.00001) with enlarged 
dominant power (11.6±1.5 vs. 11.1±1.1). In opposition to the 
controls, they did not manifest an improvement in the percent-
age of normogastria, slow wave coupling, and dominant power 
when examined post-prandial (p<0.05), (Table 1).

Pathophysiological mechanisms of gastric motility disorders 
in patients with CD

As demonstrated earlier, gastric motility disorders are more 
frequently present among patients with CD. Several hypothe-
ses may help explain these phenomena. Gastric activity results 
from systematic interactions between the different tissues in 
the gastrointestinal tract, enteric nervous system, interstitial 
cells of Cajal involuntary muscle, and gut-associated lymphoid 
tissue. The gastrointestinal tract produces voluntary contractile 
and electrical enterprise regulated by signals from the immune 
system, the cerebrospinal nervous system, and the hormone 
system [23]. These are two-way enterprises. A low-grade tissue 
inflammation (early cytokine release) and mastocyte infiltra-
tion may alter gastric motility [24]. Dysfunction of the vegeta-
tive nervous system is hypothesized to be another cause of de-
layed gastric motility [25]. In addition, gluten malabsorption is 
thought to be an important factor affecting the neuromuscular 
function of the gastrointestinal tract. Another possible cause is 
gut microbiome imbalance [26]. Different psychological mor-
bidity is a common complaint among patients with CD [27], a 
well-known crosstalk between gastric motility dysfunction and 
psychological dysfunction [28]. Other mechanisms involve au-
toimmunity that activates antineuronal antibodies in patients 
with celiac disease and evokes neurodegeneration via neuro-
nal cell apoptosis in the central or peripheral nervous system 
[29,30]. As well as anti-actin IgA antibodies may contribute in 
the development of gastric dysmotility through structural and 
functional alterations in the gastric smooth muscle cells and en-
teric nervous system [31]. Finally, numerous studies investigate 
the changes in various hormone secretion in CD patients and 
how those changes may alter gastric motility (Figure 2).

Hormones and gastric motility disorders among CD patients 
in different studies

In 2000, Bardella et al. [11] studied the neurotens in hor-
mone, which inhabits gastric activity. Nine newly diagnosed pa-
tients with CD had positive duodenal biopsy, and nine controls 
had negative CD serology tests. The participants ate a high-fat 
trial meal after midnight fasting; serum blood test was col-
lected in fasting status immediately after the meal, then at 30, 

60, 75, 90 minutes, and 2 hours post-prandial. The research-
ers found significantly higher fasting neurotensin levels in CD 
patients than in healthy controls (41.6±23.9 versus 18.2±5.5 
pg/ml, P=0.0214). Additionally, Nicholas et al. [18] studied the 
novel role of serotonin (5-hydroxytryptamine) on gastric motil-
ity among patients with CD, including 18 adults with positive IgA 
anti-endomysia antibodies and duodenal biopsy; 10 patients 
group complain of irritable bowel syndrome or dyspepsia and8 
control patients group complain of anemia without gastroin-
testinal complain. The third group included 18 healthy control 
participants. The fourth control group included 12 patients who 
went for a duodenal biopsy investigation due to asymptomatic 
hemolytic anemia. A blood sample was obtained after midnight 
fast to measure platelet and plasma 5-hydroxytryptamine con-
centrations. Participants ate a high carbohydrate trial meal for 
15 minutes; then, blood samples were collected directly and 
frequently seven times over 3 hours at 30-minute intervals. The 
intensity of the gastrointestinal symptoms was measured using 
a validated questionnaire 30 minutes premeal and frequently 
six times post-meal at 30-minute intervals. At the end of the 
trial, a duodenal biopsy was performed to measure the intes-
tine content of 5-hydroxyindoleacetic acid and 5-hydroxytrypta-
mine. This study shows a higher plasma serotonin level among 
patients with CD compared to control (P 0.0006) and higher du-
odenal serotonin levels (P 0.007). A significant association be-
tween maximum serotonin level and the severity of dyspepsia 
symptoms (P 0.005) was also reported. In 2003, Peracchi et al. 
[19] studied ghrelin hormone by including 30 newly diagnosed 
CD patients, 13 treated CD patients with gluten-free diets for 
at least two years with negative duodenal biopsy results, and 
30 healthy controls. After midnight, fasting serum level of ghre-
lin was measured. They found significantly higher ghrelin levels 
among the newly diagnosed patients with CD in comparison to 
the other two groups: patients with CD on a gluten-free diet 
(p<0.05) and the healthy controls (p<0.01). Another interest-
ing finding was that serum ghrelin level was significantly cor-
related with the degree of intestinal mucosal damage (rs=0.444, 
p<0.02). In 2005, Capristo et al. [20] studied ghrelin hormone 
levels in 18 adult women diagnosed with CD and 22 healthy 
controls, and a blood sample was collected retrospectively. 
They found an insignificant difference between the two groups 
in non-fasting serum ghrelin levels. However, limitations related 
to the methodology were identified, suggesting that the results 
should be cautiously taken. On the other hand, in 2006, Lan-
zini et al. [21] also studied the ghrelin hormone in patients with 
dyspepsia and patients with CD. A positive histology sample 
confirmed the CD diagnosis in 44 adults. Thirty-nine patients 
were diagnosed with dyspepsia by using validated diagnos-
tic criteria; all of them had negative histology samples and 53 
healthy controls. Serum blood ghrelin levels were taken from 
all participants. A significantly higher level of ghrelin in patients 
with CD (531±29 pg/mL, P<0.05) was recorded and similar re-
sults among patients with dyspepsia (526±14 pg/mL, P<0.01) in 
comparison to the healthy control group (451±8 pg/mL) were 
seen. Contrary to the previous study, no association was seen 
between ghrelin hormone level and the severity of intestinal 
mucosal damage. The measurement of non-fasting serum ghre-
lin levels, could affect the accuracy of the result. In 2008, Rocco 
et al. [14] as mentioned earlier in this review also studied the 
ghrelin hormone. Twenty adults were newly diagnosed with CD 
and 10 controls with reflux symptoms; a validated dyspepsia 
questionnaire was administered; a duodenal biopsy was done 
to confirm CD diagnosis and a gastric biopsy to measure ghrelin 
level was obtained from all study subjects. They found signifi-
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cantly higher tissue ghrelin levels (P<0.0001) among patients 
with CD compared to healthy control subjects. However, no as-
sociation was found between tissue ghrelin and gastric activity 
levels. Przybylska-Feluś et al. (2016) [17] also studied ghrelin 
and pancreatic polypeptide plasma, the latest found to impair 
gastric motility in 25 newly diagnosed adult patients with CD 
and 30 controls without GI complaints. A duodenal biopsy was 
obtained from patients with CD. After midnight fasting (12 hs), 

Figure 1: Colonoscopy revealed mucosal diffuse congestion, 
oedema and scattered multiple irregular, deep chisel ulcers of 
the distal transverse colon, descending colon, sigmoid colon and 
rectum. The large mucosa of the sigmoid colon was absent and 
showed a mucosal island change. A: Descending colon; B and C: 
Sigmoid Colon; D: Rectum.

blood samples were collected from all study subjects to mea-
sure ghrelin and pancreatic polypeptide plasma levels. They 
found patients with CD have a lower level of ghrelin after 12 
hours of food abstinence in comparison to healthy controls, 
156.8±86.7 vs 260.2±87.6 pg/ml (p=0.0002). And higher pan-
creatic polypeptide plasma in comparison to healthy controls 
265.2±306.3 vs. 54.1±54.6 pg/ml (p=0.0005). A more recent 
study byVitaglione et al. [22] in 2019 studied ghrelin hormone 
levels in 9 newly diagnosed women with CD, 13 women with 
CD treated with a gluten-free diet for at least one year, and 10 
healthy controls. After overnight fasting, a blood sample was 
collected, and then the participants ate a gluten-free trial meal 
for 15 minutes; after that, the blood sample was collected di-
rectly and then four times at 30-minute intervals. They found 
a significantly lower level of ghrelin hormone among patients 
with CD compared to the healthy control subjects (p<0.05). 
However, a limitation of this study is that ghrelin hormone lev-this study is that ghrelin hormone lev- study is that ghrelin hormone lev-
els were studied in only women, (Table 2).

Figure 2: Pathophysiological mechanisms of gastric motility 
alteration in patients with CD. CD: Celiac Disease.

Table 1: Summary of the studies on gut motility in celiac disease using different technics.

First authors, 
year

Title Subjects Study type Technic Findings

Bardella 2000
Gastric Emptying and Plasma Neurotensin Levels in Untreated 
Celiac Patients

9 New CD adult
9 Healthy controls

Case-
control

Ultrasound
Delay gastric 

emptying

Marciani 2005
Gallbladder Contraction, Gastric Emptying and Antral Motility: 
Single Visit Assessment of Upper GI Function in Untreated Celiac 
Disease Using Echo-Planar MRI

15 New CD adult
15 Healthy controls

Case-
control

Echo-Planar MRI
No delay in

gastric emptying

Bassotti 2008
Antroduodenojejunal motor activity in untreated and treated 
celiac disease patients

11 New CD adult
12 CD Treated
33 Healthy controls

Case-
control

Antro-duodenal
manometry

No delay in
gastric emptying

Rocco 2008
Tissue ghrelin level and gastric emptying rate in adult patients 
with celiac disease

20 New CD adult
10 Controls with
reflux symptoms

Case-
control

C-octanoic acid 
breath test

Delay gastric 
emptying

Urgesi 2013
Evaluation of gastric and small bowel transit times in coeliac 
disease with the small bowel PillCam: a single center study in a 
non-gluten-free diet adult Italian population with coeliac disease

30 New CD adult
30 Healthy Controls

Case-
control

PillCam
No delay in

gastric emptying

Usai-Satta
2016

Delayed gastric emptying does not normalize after gluten 
withdrawal in adult celiac disease.

12 New CD adult
30 Healthy Controls

Case-
control

C-octanoic acid 
breath test

Delay gastric 
emptying

Przybylska- 
Feluś 2016

Ghrelin, pancreatic polypeptide plasma concentrations and gastric 
myoelectric activity in celiac disease

25 New CD adult
30 Healthy Controls

Case-
control

Electrogastrography
Delay gastric 

emptying

CD: Celiac disease; GI: Gastrointestinal; MRI: Magnetic resonance imaging.
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Table 2: Summary of the studies on gastric motility disordersin celiac disease and different hormones.

First authors, 
year

Title Subjects Study type Hormone Finding

Bardella
2000

Gastric Emptying and Plasma Neurotensin 
Levels in Untreated Celiac Patients

9 New CD adult
9 Healthy controls

Case-control Neurotensin
High fasting

neurotensin level

Nicholas 
2006

Abnormalities of Serotonin Metabolism and 
Their Relation to Symptoms in Untreated Celiac 
Disease

18 New CD adults,
10 with IBS or dyspepsia
15 Healthy controls with anemia
18 Healthy controls
12 patients with a duodenal 

biopsy for asymptomatic hemolytic 
anemia

Case-control Serotonin
High fasting

serotonin level

Peracchi 
2003

Circulating Ghrelin Levels in
Celiac Patients

30 New CD adult
13 CD Treated
30 Healthy controls

Case-control Ghrelin High fasting ghrelin level

Capristo 
2005

Reduced plasma ghrelin concentration in celiac 
disease after gluten-free diet treatment

18 New CD adult
22 Healthy controls women

Case-control
retrospective

Ghrelin
No difference in

non-fasting ghrelin level

Lanzini 
2006

Circulating ghrelin level is increased in coeliac 
disease as in functional dyspepsia and reverts to 
normal during gluten-free diet

44 New CD adult
39 non-CD with dyspepsia
53 Healthy Controls

Case-control Ghrelin
High non-fasting ghrelin 

level

Rocco
2008

Ghrelin, pancreatic polypeptide plasma 
concentrations and gastric myoelectric activity 
in celiac disease

20 New CD adult
10 Healthy Controls with reflux 

Symptoms
Case-control Ghrelin

High number of
tissue ghrelinlevel

Przybylska-
Feluś
2016

Ghrelin, pancreatic polypeptide plasma 
concentrations and gastric myoelectric activity 
in celiacdisease

25 New CD adult
30 Healthy Controls

Case-control

Ghrelin &  
pancreatic 

polypeptide  
plasma

A lower level of ghrelin.
High level of pancreatic

polypeptide

Vitaglione
2019

Appetite and Gastrointestinal Hormone 
Response to a Gluten-Free Meal in Patients with 
Coeliac Disease

9 New CD women
13 CD Treated
10 Healthy Controls

Case-control Ghrelin
No difference in

post-prandial ghrelin 
level

CD: Celiac disease

Conclusion

In conclusion, following a strict gluten-free diet can be po-
tent in normalizing and improving gastric mobility among pa-
tients newly diagnosed with CD [10]. The previously mentioned 
studies showed that neurotensin, serotonin, pancreatic poly-
peptide plasm hormones disturbance could explain the delayed 
gastric motility in patients with untreated celiac disease. Fur-
ther high-quality studies using standardized, nutritionally bal-
anced test meals are needed to support the conflicting results 
of ghrelin levels and its effect on gastric dysmotility. Moreover, 
conducting studies with the inclusion of other hormones that 
affect gastric motility, like gastrin and irisin are crucial.

Nonetheless, significant gastric motility delay was found in 
patients with celiac disease, using different techniques: ultra-
sound, C-octanoic acid breath test, and electrogastrography. In 
contrast insignificant delay in gastric motility was found using 
Echo-Planar MRI, Antro-duodenal manometry, PillCam tech-
niques. Further studies are needed to assess gastric motility us-
ing standardized, nutritionally balanced test meals. Moreover, 
we encourage the health care providers to perform medical 
diagnosis of delayed gastric emptying using more convenient 
and less invasive techniques. Eventually, we recommend medi-
cal screening for CD among patients with compliant of delayed 
gastric emptying to increase the detection of CD.
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