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INTRODUCTION
Patients with functional dyspepsia (FD)[1] complain of  
several gastrointestinal (GI) and extra-gastrointestinal 
(extra-GI) symptoms[2-5] that are usually associated with 
food ingestion[6]. Several pathophysiological abnormalities 
have been implicated in the etiology of  symptoms, but so 
far they failed to establish a clear-cut association between 
symptoms and specific function abnormalities and often 
similar studies provided contrasting findings[6-13]. Despite 
symptoms are often related to food ingestion, few studies 
have assessed the relationship between the occurrence 
of  GI symptoms after meal ingestion and gastr ic 
functions[6,10,11,14-19] and reported non-univocal results. 
In addition, investigations performed while patients are 
symptom-free may miss their underlying pathophysiological 
mechanisms because as the symptoms, they may wax 
and wane over time[20]. Ricci et al[14] firstly and others 
subsequently[15,16,18,21,22] reported a distended fasting antrum 
and an increased post-prandial antral volume in patients 
with FD as compared with healthy controls, suggesting 
that an impaired motor function of  the distal stomach 
is present in a subgroup of  patients with FD. However, 
only two studies[14,15] evaluated the temporal association 
between the onset of  postprandial GI symptoms and 
antral distension assessed with ultrasonography (US). 
The first study reported a close association between the 
onset of  the postprandial GI complaints[14] and antral 
volume increase in the majority (71%) of  patients. The 
second study reported an association between bloating 
and increased antral area[15]. We have recently shown that 
a subgroup of  patients with FD reported postprandial 
drowsiness as a bothersome symptom, in addition to the 
GI dyspeptic ones[5]. Drowsiness is a subjective experience 
often reported after food ingestion[23]. It has also been 
shown that solid but not liquid meal results in a decreased 
sleep onset latency in healthy volunteers[24], suggesting 
that a post-ingestion mechanism rather than a cephalic 
stimulus is involved as an initial trigger in mediating the 
phenomenon. 
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Abstract
AIM: To investigate in patients with functional dyspepsia 
(FD) after an every-day meal whether (1) gastrointestinal 
(GI) and extra-GI symptoms had any relation with the 
degree of antral volume, (2) the onset of postprandial 
symptoms was associated with, and may predict, delayed 
gastric emptying. 

METHODS: In 94 symptomatic FD patients, antral 
volume variations and gastric emptying were assessed 
with ultrasonography after a 1050 kcal meal. Symptoms 
were evaluated with a standardized questionnaire. The 
association of GI and extra-GI symptoms with antral 
volumes and gastric emptying were estimated with 
logistic regression analysis. 

RESULTS: Forty percent of patients did not report 
any symptoms after a meal. Compared to the healthy 
controls, the antrum was more distended in patients 
throughout the entire observation period and 37 (39.4%) 
patients had delayed gastric emptying. Only postprandial 
drowsiness was associated with antral volume variations 
(AOR = 1.42; P < 0.001) and with delayed gastric 
emptying (AOR = 3.59; P < 0.03). 

CONCLUSION: In FD patients, GI symptoms are 
neither associated with antral distension nor with gastric 
emptying. Drowsiness is associated with antral distension 
and delayed gastric emptying. The onset of drowsiness 
is preceded by an increment of antral distension and the 
duration of the symptom appears to be related to the 
persistence of antral distension. 
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We aimed to further evaluate the relationship between 
the onset of  postprandial symptoms, both GI and extra-
GI symptoms, such as headache and drowsiness, and the 
modality of  the postprandial antral volume increase in FD 
patients.

The pr imar y a im of  the present s tudy was to 
investigate with regression analysis models, in controlled 
condition, after an every-day balanced meal, whether upper 
GI and extra-GI symptoms had any relation with the 
degree of  antral volume assessed with US in FD patients. 
The secondary aim was to evaluate whether the onset of  
postprandial symptoms was associated to, and may predict, 
delayed gastric emptying.

MATERIALS AND METHODS
Subjects
Two hundred and seventeen consecutive patients with 
chronic symptoms of  dyspepsia (143 females, 74 males; 
age, 42.4 ± 12.2 years;) referred to the gastroenterol-
ogy outpatient clinic were prospectively assessed. Fun-
ctional dyspepsia (FD) was defined according to the 
Rome Ⅱ criteria[1]. Organic abnormalities, psychiatric 
illnesses, eating disorders, history of  alcohol and caffeine 
abuse, use of  NSAID, steroids or drugs affecting gastric 
function, previous GI surgery (except appendectomy and 
cholecystectomy) and systemic disorders were ruled out by 
history, clinical examination, biochemical investigations, 
upper GI endoscopy, and transabdominal US. Dyspeptic 
patients with Rome diagnostic criteria of  irritable bowel 
syndrome (IBS) and/or referring heartburn and/or 
regurgitation as predominant or frequent symptoms were 
excluded from the study. 

Severity of  epigastric pain and upper abdominal 
discomfort was graded 0-4 according to its effect on 
patient’s daily activities: 0 = absent; 1 = mild (present 
but easily bearable if  distracted by usual activities); 2 = 
moderate (bearable but not influencing usual activities); 
3 = relevant (inf luencing usual activities); and 4 = 
severe (interruption of  usual activities)[5]. Patients were 
symptomatic at the time of, and in the 3 weeks preceding, 
the investigation. Dyspeptic symptoms had to be present 
more than 3 days a week, with pain and discomfort scored 
at least as moderate (≥ 2). 

Overall 123 patients (80 females, 43 males; age, 44 
± 13.5 years) were excluded from the study because of  
the following diagnosis: 59 with gastroesophageal reflux 
disease; 15 with IBS; 14 with peptic ulcer disease; 16 with 
migraine; 3 with psychiatric disorders; 2 with celiac disease; 
and 14 with not properly reporting symptoms during the 
test. 

Ninety-four consecutive patients (63 females, 31 males; 
age, 42 ± 12 years) fulfilling Rome Ⅱ diagnostic criteria of  
functional dyspepsia[1] and 21 healthy subjects (13 females, 
8 males; age, 30 ± 8.5 years) without GI symptoms 
participated in the study.

Informed consent was obtained from each subject and 
the Local Ethics Committee approved the study protocol.

Assessment of symptoms
An experienced gastroenterologist (EC) interviewed the 
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patients before the study. GI symptoms were enquired 
by means of  the validated Italian version of  the Rome 
Ⅱ modular questionnaire[25]. The validation process and 
validity of  the translated questionnaire have been formally 
assessed and approved by the Coordinating Committee 
of  the Rome Foundation (on files of  the Committee). 
The questionnaire also includes items inquiring on 
demography (5 items), daily habits (10 items), meal timing 
and composition, alcohol consumption, smoking and sleep 
patterns, past medical history (3 items), somatic extra-GI 
symptoms (5 items) as previously reported[2]. 

Frequency and time relationship with meal inge-
stion were assessed for each of  the following dyspeptic 
symptoms, as defined by the Rome Ⅱ criteria[1]: pain or 
discomfort centered in the upper abdomen, nausea, vomi-
ting, fullness, bloating, early satiety, epigastric burning and 
belching. Postprandial drowsiness was defined as a state of  
impaired awareness associated with a desire or inclination 
to sleep[26]. Furthermore, patients were requested to refer 
any other symptom they considered to be bothersome and 
related to meal ingestion. 

Study protocol
Gastric antral volume was evaluated at US as previously 
described[27,28] with 3.5-MHz convex probe (Tosbee, 
Toshiba, Japan). Gastric emptying was evaluated with 
US according to previously validated and standardized 
methods[27-32]. All drugs affecting the GI tract were 
discontinued at least 3 d before the study. Subjects 
refrained from smoking 12 h before and during the 
examination. Beverages, including water, coffee and tea 
were not allowed before and during the examination. The 
presence of  sleep disturbances the night before the test 
and the quality of  sleep in the last month were specifically 
enquired. After an overnight fast, subjects ate an ordinary 
standard solid meal of  1050 kcal containing 140 g bread, 
70 g cheese, 80 g ham, (50 % carbohydrates, 25% lipids, 
25% proteins) and 250 mL of  water. The time of  meal 
ingestion did not exceed 30 min (range, 15-30 min). The 
same proven-skilled operator (NP) performed gastric 
antral US measurements, with the subjects standing in 
the upright position. Subjects were studied in fasting 
condition, soon after the meal ingestion, at 30 and 60 
min after the end of  the meal ingestion, and at 60 min 
intervals thereafter for 300 min. In the intervals between 
measurements subjects could move freely. 

Delayed gastric emptying was defined as the final antral 
volume exceeding the mean value plus 2SDs of  the healthy 
controls[5]. 

Patients and healthy controls were requested to report 
every 30 min any symptom occurring after the meal 
ingestion. The ultrasonographer was blind for the referred 
historical symptoms.

Statistical analysis
To compare patients and healthy controls as well as 
temporal meal-related antral volume variations, arithmetic 
mean, standard deviation, median values and interquartile 
ranges were calculated. Continuous variables (age, body 
mass) were compared using student’s t-test. Box-plots[33] 
were used to provide an immediate graphical evaluation of  



the postprandial gastric antral volume distribution during 
the study period. Linear regression analysis for repeated 
measurements was applied to evaluate during the study 
period whether there were differences in the antral volumes 
between patients and healthy controls. The cumulative 
probability of  developing symptoms during the 5 h study 
period was evaluated using the Kaplan-Meier method. 
Logistic regression models[34] were applied to estimate 
crude (OR) and adjusted odds ratios (AOR) for age, 
body mass index (BMI) and gender, and 95% confidence 
intervals (95%CI) of  having an association between antral 
volume variations and presence/absence of  each GI and 
extra-GI symptom at each time interval evaluated. We 
also investigated specific transformations of  the current 
gastric antral volume evaluated for a 10 mL unit change 
as follows (Figure 1 A and B): (1) the antral volume value 
at the preceding time interval; (2) the antral volume delta 
variation between two consecutive measurements; (3) the 
mean weighted antral volume value at each measurement 
(i.e., at each time when the volume was measured, the 
value obtained as the arithmetic mean of  the current value 
together with all previous measurements); (4) the maximal 
antral volume value reached after a meal between the 
current and the previous measurement. 

Logistic regression analysis was also applied to estimate 
crude and adjusted odds ratios of  having delayed gastric 

emptying for each symptom, fasting antral volume, gender, 
age, and BMI. We reported results from multiple logistic 
regression analyses, obtained through a backward selection 
strategy having excluded factors with a P value >0.20 
obtained by a likelihood-ratio test[33]. Two-sided P values 
were defined statistically significant when P < 0.05, and 
marginally significant when 0.05 < P < 0.2. All the analyses 
were performed using STATA release 8.0[35].

RESULTS
Study population and GI and extra-GI symptoms profile
At inclusion, all FD patients reported frequent pain 
or discomfort (60% of  them almost daily) graded at 
least as moderate. Demographic characteristics of  the 
subjects evaluated are summarized in Table 1. There was 
no significant difference between the healthy controls 
and the FD patients for BMI and gender, whereas the 
controls were younger (P < 0.001) than the FD patients. 
After a meal, none of  the healthy subjects reported any 
symptoms. Of  the FD patients, 39 (41.5%) did not refer 
any symptoms and 55 (58.5%) reported one or more GI 
and extra-GI symptoms. In this group of  55 symptomatic 
patients, postprandial drowsiness was reported as a 
predominantly bothersome symptom in 17 patients, 
presenting as the only symptom in 3, in association with 
pain in 3, with fullness in 6, with pain and fullness in 
2, with belching in 2 and with bloating in 1. Reported 
symptoms’ severity in the medical history did not 
significantly differ between the patients with and without 
postprandial symptoms during the investigation. The 
cumulative probability to develop at least one of  the GI 
and extra-GI symptoms was 58.5% (Figure 2). None of  
the patients referred early satiety, vomiting and heartburn 
(not shown in Figure 2). Despite the patients with history 
of  regurgitation were excluded from the study, 2 patients 
referred postprandial acid regurgitation (not shown in 
Figure 2 and Tables 2 and 3). The percentage of  patients 
with symptoms at each evaluated time interval is reported 
in Table 2. Among the patients who referred at least one 
symptom, 55.5% had the first symptom within 60 min 
after meal ingestion. Postprandial drowsiness started later 
(71.5 ± 64.8 min) than dyspeptic symptoms (38.3 ± 55.4 
min, P < 0.001).

Antral volume assessments and gastric emptying
Antral volume before, immediately (time 0) and during 
the 300 min observation period after meal ingestion in 
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Figure 1  Antral volume measurements and their transformations. A: Patients 
referring postprandial drowsiness during the study period; B: Patients not referring 
symptoms during the study period. Open quadrangle: current antral volume; 
asterisk: antral volume delta variation between two consecutive measurements; 
Closed quadrangle: mean weighted antral volume; Closed triangle: maximal antral 
volume; Open triangle: antral volume value at the preceding time intervals.

Table 1  Major demographic characteristics of investigated 
subjects

Healthy controls FD patients P   
(n  = 21) (n  = 94)

Age median (IQR) yr    27 (26-29) 42 (31-52)   < 0.001
BMI median (IQR) kg/m2 22.4 (20-23)    22.0 (19.8-25.0)     0.47

Female (%)     13 (61.9%)  62 (66.0%)     0.72

IQR: Interquartile range.
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the controls and the FD patients is shown in Figure 3. 
In the FD patients, the postprandial antral volume was 
significantly larger compared to the controls (P < 0.05) 
from the end of  meal ingestion up to the final observation. 
The multiple linear regression model showed that in the 
postprandial period antral volume, adjusted for gender 
and age, was higher in the dyspeptic patients compared to 
the controls with a difference in volume value of  11 mL 

during the entire period (P < 0.01). Gastric emptying was 
delayed in 37 (39.4%) of  the FD patients.

Predictors of postprandial symptoms and gastric 
emptying in functional dyspepsia
Odds ratios simultaneously adjusted for minutes after 
meal, BMI, age and gender in predicting the occurrence 
of  GI and extra-GI symptoms evaluated for each of  
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Figure 2  Kaplan-Meier survival curves showing the cumulative probability to develop the evaluated symptoms.

Table 2  Percentage of FD patients with symptoms at each time interval evaluated

Time (min) Pain (%) Fullness (%) Bloating (%) Nausea (%) Belching (%) Burning (%) Headache (%) Drowsiness (%) Any (%)

    0 1 13.8   9.6 3.2    10.6 0 0      2.1 26.6

  30    3.2 22.3 12.8 4.3 18 1    2.1      7.5 44.7

  60    6.4 24.5 14.9 5.3    22.3    2.1    3.2    13.8 54.3

120    6.4 24.5 14.9 5.3    24.5    3.2    3.2    13.8 54.3

180    4.3 20.2 12.8 5.3    20.2    3.2    3.2 17 48.9

240    3.2 14.9 10.6 5.3 18    3.2    4.3    15.9 43.6

300 2 12.8   9.6 5.3    15.9    2.1    2.1    12.8 38.3

At least once    7.4 28.7 14.9 7.4    26.6    3.2    5.3 18 58.5
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the antral volume transformations described in Figure 1 
are reported in Table 3. The occurrence of  postprandial 
drowsiness was related to (1) the current antral volume 
value, (2) the antral volume value at the previous time 
interval, (3) the antral volume delta variation between two 
consecutive measurements, (4) the mean postprandial 
weighted antral volume and (5) the maximal antral volume 

value reached after a meal. The occurrence of  nausea and 
belching was related to the antral volume delta variation 
between two consecutive measurements. The occurrence 
of  bloating was significantly related to a mean postprandial 
weighted antral volume, and marginally associated with (1) 
the current antral volume value, (2) the antral volume value 
at the previous time interval, and (3) the maximal antral 

Table 3  AOR with 95% CI of having GI and extra-GI symptoms on the basis of antral volume variations

Current AV Previous AV Delta AV Mean weighted AV Maximal AV
(per 10 mL unit increase) (per 10 mL unit increase) (per 10 mL unit increase) (per 10 mL unit increase) (per 10 mL unit increase) 

Symptom AOR 95% CI P AOR 95% CI P AOR 95% CI P AOR 95% CI P AOR 95%CI P 

Pain 0.96 0.79 -1.18 0.72 0.96 0.78 -1.17 0.67 1.03 0.93-1.14 0.54 0.94 0.67 -1.31 0.72 0.9 0.69 -1.19 0.49
Fullness 0.99 0.84 -1.17 0.97 0.98 0.82 -1.18 0.88 1 0.95-1.06 0.82 0.95 0.73 -1.25 0.74 0.97 0.83 -1.13 0.68

Bloating 1.21 0.98 -1.49 0.07 1.22 0.98 -1.51 0.06 0.99 0.93-1.05 0.7 1.37 0.99 -1.89 0.05 1.21 0.99 -1.48 0.06

Nausea 0.99 0.76 -1.3 0.98 1.06   0.8 -1.4 0.67 0.84   0.7-1 0.05 1.18 0.82 -1.69 0.37 1.17 0.94 -1.44 0.15

Burning 0.87 0.55 -1.38 0.57 0.81 0.39 -1.67 0.58 1.1 0.87-1.39 0.39 0.68   0.2 -2.25 0.53 0.64 0.17 -2.33 0.5

Belching 1 0.84 -1.19 0.95 0.96 0.78 -1.17 0.67 1.07 1.01-1.12 0.008 0.94 0.69 -1.27 0.69 0.98 0.82 -1.17 0.81

Headache 1.04 0.77 -1.4 0.79 1 0.77 -1.31 0.96 1.03 0.88-1.2 0.69 0.9 0.58 -1.43 0.68 0.93   0.7 -1.23 0.64

Drowsiness 1.42 1.16 -1.73 0.001 1.33 1.08 -1.65 0.007 1.12 1.06-1.19 0.001 1.46 1.05 -2.01 0.02 1.26 1.03 -1.53 0.02

Palpitation 1 0.72 -1.4 0.96 0.99 0.71 -1.38 0.97 0.98   0.9-1.06 0.67 0.89 0.49 -1.62 0.7 0.93 0.65 -1.32 0.68

Any symptom 1.13 0.97 -1.31 0.12 1.1 0.94 -1.3 0.24 1.03 0.99 -1.08 0.11 1.15   0.9 -1.46 0.25 1.11 0.95 -1.29 0.18
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Figure 3  Box-and-whiskers plots of gastric antral volume before (fasting), immediately (0), at 30 and at 60 min intervals, after the end of the ingestion of a standard meal in 
controls (gray box) and in dyspeptic (white box). The boxes at each time unit extend from the 25th percentile (x[25]) to the 75th percentile (x[75]) [i.e., the interquartile range (IQ)]; 
the lines inside the boxes represent the median values. The lines emerging from the boxes (i.e., the “whiskers”) extend to the upper and lower adjacent values. The upper 
adjacent value is defined as the largest data point ≤ x[75] + 1.5 × IQ, and the lower adjacent value is defined as the smallest data point ≥ x[25] - 1.5 × IQ. Observed values 
more extreme than the adjacent values, if any, are individually plotted (circles).

P  = 0.06 P  = 0.05
P  < 0.01
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volume value reached after a meal.
Age was the only factor associated with the occurrence 

of  some of  the GI and extra-GI meal-related symptoms. 
Particularly, the occurrence of  postprandial drowsiness was 
significantly associated with older age (AOR = 1.05 per 1 
year increase, P < 0.02), while pain was marginally related 
to younger age (AOR = 0.96, P < 0.04). Epigastric burning 
was marginally related to older age (AOR = 1.11, P < 0.03).

The estimated AORs of  having delayed gastric 
emptying are shown in Table 4. After a backward selection, 
only fasting antral volume and postprandial drowsiness were 
significantly associated with delayed gastric emptying, while 
no statistically significant relationship was found with age, 
gender and BMI. Fasting antral volume was significantly 
associated with delayed gastric emptying, increasing the 
OR of  93% for any additional volume increase of  5 mL. 

DISCUSSION
An unexpected finding of  this study was that more than 
40% of  symptomatic patients at the time of, and in the 3 
wk preceding, the investigation did not refer any symptoms 
when challenged with a normal meal in controlled 
condition. The lack of  any difference in the demography 
and symptom presentation between symptomatic and 
symptom-free patients during the investigation excludes 
a patient selection bias and indicates that the well known 
long-term variability[20] of  dyspeptic symptoms may occur 
even over a short period of  time. 

Ultrasonography is a reliable method to estimate in 
normal physiological conditions gastric antral volume 
during fasting and after a meal [27-32]. The serial US 
measurements of  the antral volume enable to assess 
directly the time curve of  antral distension, and indirectly 
the gastric emptying time. Ricci et al[14] first reported a close 
association between the onset of  the usual postprandial 
complaints and an antral volume increase in the majority 
of  FD patients. Hausken et al[15] found an association 
between a wide antral area and bloating. Both studies, 
however, did not comparatively investigate the antral 
volume of  the FD patients who remained symptom-free 
after meal ingestion.

Several other studies reporting non-univocal results 
have attempted to correlate the occurrence of  symptoms 
in FD patients with proximal and distal stomach diste
nsion[10,11,17,36,37], gastric volumes[16,19,38-40] or gastric food 
retention[6,21,22]. These studies were performed at the 
end[16], 30 min[19] and 1 h[11] after meal ingestion, with 
either invasive techniques or not physiological ingestion 
of  meals that caused dyspeptic symptoms also in healthy 

controls[16,17,19, 39,40]. 
This study assessed, in physiological conditions after 

a normal meal, the relationship between gastric emptying, 
antral volume variation and postprandial symptoms 
in symptomatic compared to asymptomatic dyspeptic 
patients and healthy subjects. The meal was a normal 
every day meal. Differing from previous findings at 
multivariate analysis, gender did not have any relationship 
with postprandial antral distention or with the modality of  
gastric emptying[22]. The different results of  this study may 
be explained by the larger number of  patients studied. 

The antral volume reached its maximal value soon af-
ter the end of  meal ingestion and subsequently decreased 
throughout the observation period in both controls and 
FD patients (Figure 3). However, independently from the 
concomitant presence of  GI dyspeptic symptoms, FD 
patients showed an antral volume greater than healthy 
controls, confirming the presence of  an altered intragastric 
meal distribution in FD patients[14-16,21,22]. It has been 
suggested that impaired accommodation of  the proximal 
stomach to a meal underlies the increased distribution of  
gastric contents in the distal stomach[21,38]. 

The antral volume variations and gastric emptying 
were evaluated for a long postprandial period, i.e. 5 h, thus 
enabling to detect a subgroup of  patients in whom the 
over distension of  the antrum occurred later than, and 
independently from, an early postprandial altered motor 
function of  the proximal stomach. 

The most relevant finding of  this study was that 
postprandial drowsiness was the only of  the GI and extra-
GI symptoms to be highly significantly associated with 
antral volume and its transformations. 

In patients with postprandial drowsiness, antral volume 
reached the maximal value 2 h after the meal and did not 
show a progressive decrement throughout the observation 
period (Figure 4). The occurrence of  postprandial drowsi-
ness was significantly associated with the current and mean 
weighted antral volume, supporting the time-relationship 
with antral distension. However, the association with delta 
antral volume change suggests that its onset is associated 
with the degree of  time-related antral distension rather 
than the antral volume per se. Finally, the finding of  an 
association between drowsiness and the antral volume 
assessed at the preceding observation period suggests that 
the antral distension precedes the onset of  drowsiness. 
It could be argued that the fasting and the immediate 
postprandial antral volumes included in the analysis might 
have inappropriately contributed to the subsequent antral 
volume transformation, therefore affecting the results of  
the present study, but their exclusion from the analyses did 
not change the results. Furthermore, it has been shown 
that subtracting the fasting from the final postprandial an-
tral volume, the latter is still greater in dyspeptic patients 
than in controls, thereby indicating a genuine greater post-
prandial antral distension in patients compared to healthy 
controls[5].

At present, whether increased antral volumes may re-
flect hypotonia of  the antral muscular wall or intraluminal 
distension secondary to gastric retention or to an overload 
caused by an impaired accommodation of  the proximal 
stomach[21,38], or an increased duodenogastric reflux could 

Table 4  AOR with 95% CI of having delayed gastric emptying 
on the basis of symptoms, fasting antral volume (FAV) and BMI

AOR 95% CI P

Drowsiness 3.59   1.12-11.54 0.03

Fasting antral volume1 1.09 1.02-1.17   0.007

AOR: Adjusted odds ratio; 1AOR estimated per 5 mL increase (e.g. FAV of 20 
mL vs 15 mL).
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not be addressed in the present study. 
Several studies indicate that a variable degree of  sleepi-

ness after a meal is a common sensation[23,24,41-43] in healthy 
subjects and may also influence food intake[44]. Studies as-
sessing daytime sleepiness with standard tests, in healthy 
subjects showed that (1) sleep onset latency was signifi-
cantly shorter after a caloric meal than after water[24] and 
sham feeding[45], and (2) the occurrence of  postprandial 
sleepiness was neither related to the fat composition of  
the test meal nor to the circadian variation in sleepiness[23]. 
Finally, in healthy subjects, it has been shown that in com-
parison with an equal volume of  water and equicaloric 
liquid meal, a solid meal results in decreased sleep onset 
latencies[24]. These results, taken together with the observa-
tion that drowsiness may occur after intravenous adminis-
tration[46] of  cholecystokinin (CCK), support the hypoth-
esis of  a peripherally circulating hormone of  GI origin 
that mediates postprandial sleepiness. It is conceivable 
that meal ingestion may release CCK and other neuroen-
docrine substances, such as 5-HT3, that affect the state of  
consciousness directly or activating vagal nerve afferences 
or releasing other sleep-promoting substances, such as in-
sulin[47,48]. Several animal studies indicate that CCK sleep-
promoting and food intake-reducing effects are closely 
associated, presumably expressing different, yet related, 
manifestations of  satiety[47]. 

Postprandial drowsiness reported in this study refers 
to a sensation regarded to be bothersome enough to 
interfere with the daily activities. However, the sensation 
of  drowsiness may vary from slight to severe and may 
be related to sleep disturbances. Sleep disturbances were 
enquired specifically and patients reporting postprandial 
drowsiness did not report any sleep disturbances. In the 
present study, older age in FD patients was an independent 
factor adjusted for antral volume variables for the 
occurrence of  drowsiness. Control subjects and dyspeptic 
patients were not balanced for age, however, in the age-
adjusted model, the presence of  drowsiness in FD pa-
tients was associated only with antral volume variations. 
In addition, it has been shown that in healthy subjects, 
postprandial drowsiness is related to a younger age and 
to a greater food intake compared to older subjects[44]. In 
the present study, healthy controls, although significantly 
younger than FD patients, did not report any symptom. 
It would therefore appear that, in contrast with healthy 
controls, drowsiness reported by older dyspeptic patients 
was neither related to sleepiness nor to physiological 
change of  postprandial sleep latency. However, we neither 
evaluated with objective measures postprandial sleep 
latency or the severity of  postprandial drowsiness nor we 
specifically evaluated physiological adaptive variation or an 
altered state of  the autonomic nervous system that could 
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Figure 4   Box-and-whiskers plots of gastric antral volume immediately (0), at 30 and at 60 min intervals, after the end of the ingestion of a standard meal in FD patients 
with (gray box) and without (white box) postprandial drowsiness. The boxes at each time unit extend from the 25th percentile (x[25]) to the 75th percentile (x[75]) [i.e., the 
interquartile range (IQ)]; the lines inside the boxes represent the median values. The lines emerging from the boxes (i.e., the “whiskers”) extend to the upper and lower 
adjacent values. The upper adjacent value is defined as the largest data point≤ x[75] + 1.5 × IQ, and the lower adjacent value is defined as the smallest data point ≥ x[25] - 1.5 
× IQ. Observed values more extreme than the adjacent values, if any, are individually plotted (circles).
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justify the occurrence of  postprandial drowsiness in our 
patients[41]. 

Of  the GI symptoms conventionally considered to 
be a manifestation of  dyspepsia, only bloating showed a 
statistically significant association with the postprandial 
weighted antral volume and, to a lesser degree, with all 
the other antral volume variables, confirming previous 
observations[15,16,37]. Bloating has been frequently reported 
in healthy subjects in barostat studies, in caloric and even 
in water drink tests, without any relationship with altered 
gastric motor function[11,17,44]. In our study, nausea and 
belching were associated only with antral volume delta 
change, whereas all the other GI dyspeptic symptoms were 
not related to any of  the assessed antral volume variables. 
Postprandial fullness is a common sensation even in 
healthy subjects and it has been reported to be associated 
with an increase of  the antral area[49,50]. In the present study, 
none of  the healthy subjects and about 50% of  the study 
patient population referred fullness that was not associated 
with any of  the antral volume variables evaluated. The 
frequent occurrence of  bloating and postprandial fullness 
in healthy subjects together with the absence of  a constant 
and univocal association with gastric functions limits the 
interpretation of  the pathophysiological mechanisms 
of  these symptoms in FD patients. Nausea is a non-
specific GI symptom that could be elicited by the direct 
instillation of  acid in the duodenum[51], i.e. a condition 
likely mimicking a physiological condition. Several studies 
highlighted the potential key role of  the duodenum in 
the symptom generation in functional dyspepsia[51-53]. 
Hypersensitivity of  the duodenum to acid infusion as well 
as duodenal distension have been reported to elicit upper 
GI symptoms[51-53]. However, the present study does not 
allow one to draw any conclusion about the role of  the 
duodenum in the occurrence of  symptoms and further 
investigations are needed. 

Early satiety, which is one of  the cardinal dyspeptic 
symptoms and was referred in the medical history by 45% 
of  our patients population, did not occur after a meal in 
controlled condition in any of  the investigated patients. It 
is conceivable that the sensation referred by the patients 
was more likely fullness or bloating that had induced 
the patients to terminate prematurely food ingestion to 
prevent further discomfort. It has been indeed shown 
that perception of  fullness is a useful predictor of  food 
intake[44,50]. If  so, the definition of  early satiety as an 
unpleasant sensation that forces one to stop eating, and the 
numerous studies in which this symptom has been related 
to specific function disorder of  the stomach, should be 
reevaluated. 

Nevertheless, a relevant limitation of  this study is that 
except for pain and discomfort, severity of  postprandial 
symptoms was not assessed, thus precluding any evaluation 
of  its possible relationship with antral distension.

A significant proportion of  FD patients complain of  
psychological symptoms and the presence of  anxiety has 
been demonstrated in about 70% of  these patients[22]. We 
excluded the patients with eating disorders and clinically 
evident psychological disorders like major depression 
from our study; however, we did not fully evaluate the 
psychological status of  the patients.

Despite that it has been widely debated whether a 
delayed gastric emptying is a relevant factor in causing 
dyspeptic symptoms, to our knowledge, none of  
the previous studies evaluated concurrently and in 
physiological conditions the modality of  the gastric 
emptying and the occurrence of  symptoms in FD patients 
after an ordinary every day meal. In the present study, 39% 
of  FD patients had delayed gastric emptying, but it did not 
have any relationship with the occurrence of  dyspeptic 
symptoms during the test. A previous study reported a 
delayed gastric emptying in 41% of  the patients and a 
rapid initial gastric emptying in 43% of  them that were 
associated with higher symptoms score after a challenge 
meal[19]. Thus, it would appear that a delayed gastric 
emptying per se does not play any role in the origin of  the 
usual dyspeptic symptoms.

The present study confirms our previous finding[5] that 
patients referring postprandial drowsiness have a greater 
probability to have delayed gastric emptying than controls 
and dyspeptic patients without post-prandial drowsiness. 
Differently from the usual dyspeptic symptoms, drowsiness 
is a late postprandial complaint occurring significantly later 
than GI symptoms and is related with antral distension and 
delayed gastric emptying. It would therefore appear that 
the two conditions are associated with the onset, and the 
persistence of  postprandial drowsiness in this subgroup 
of  FD patients. We cannot draw any definitive conclusion 
about the separate role, if  any, played by delayed gastric 
emptying and antral distension, either alone or in 
combination, in the occurrence of  postprandial drowsiness 
in FD patients. 

In conclusion, our study assessed in controlled 
conditions the relationship between gastrointestinal and 
extra-gastrointestinal symptoms arising after a normal 
balanced meal, and antral distension and gastric emptying. 
Postprandial gastrointestinal symptoms do not have any 
constant or predictable relationship with antral distension 
and gastric emptying in functional dyspepsia patients. 
Of  the extra-gastrointestinal symptoms, postprandial 
drowsiness is associated with antral distension. On the 
average, drowsiness occurs late after meal ingestion and 
after the onset of  gastrointestinal dyspeptic symptoms. 
The onset of  postprandial drowsiness is usually preceded 
by an increment of  antral distension and the duration of  
the symptom appears to be related to the persistence of  
antral distension. Finally, a delayed gastric emptying is 
significantly associated with postprandial drowsiness and 
the degree of  the fasting antral volume. 
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