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Abstract There is an increased prevalence of gastro-

oesophageal reflux and symptoms in obese patients.

Information about the proximal stomach in obese

patients with reflux is lacking. Gastric volume and

compliance are similar between obese and lean sub-

jects. To study the proximal stomach function and

perception in obese patients with normal or abnormal

oesophageal acid exposure, thirty-one obese patients,

with normal or abnormal oesophageal acid exposure,

underwent medical evaluation of oesophageal and

gastrointestinal symptoms by a questionnaire and

measurement of proximal stomach function and per-

ception by an electronic barostat and a standardized

questionnaire. Nineteen obese patients had abnormal

oesophageal acid exposure. The percentage of total

time with pH <4 is significantly related to the presence

of hiatal hernia, the oesophageal intensity-frequency

symptom score and gender, i.e. higher percentage in

men. The perception cumulative score was sig-

nificantly different between patients with normal and

abnormal oesophageal acid exposure after adjusting

for covariates (gender, body mass index, age, minimal

distending pressure, gastric tone and gastric com-

pliance). Gastric tone and compliance were sig-

nificantly related to the perception cumulative score.

In conclusion, patients with abnormal oesophageal

acid exposure have increased gastric perception. A

significant relation among gastric tone, gastric com-

pliance and upper gastrointestinal sensations was

shown.

Keywords gastric compliance, gastric perception,

gastric tone, gastro-oesophageal reflux disease,

oesophageal acid exposure.

INTRODUCTION

Obesity is a major health hazard in developed coun-

tries, and morbid obesity is associated with serious,

debilitating and life-threatening sequelae.1,2 Epidemi-

ological studies demonstrated an increased preval-

ence of gastro-oesophageal reflux (GORD) in obese

patients,3 but the basic underlying mechanisms

involved are still debated. We have already demonstra-

ted that oesophageal symptoms, abnormal oesophageal

exposure and a decreased lower oesophageal sphincter

(LOS) pressure are more frequent in obese patients.4 In

lean patients with GORD an increased gastric sensi-

tivity with normal compliance of proximal stomach at

fasting and delayed recovery of gastric tone after food

was shown,5 which may explain, at least in part, the

delayed gastric emptying and an higher association of

transient (LOS) relaxations with reflux, whereas both

abnormalities may contribute to a greater level of

perception of symptoms.

No differences in gastric volume or in gastric

compliance between obese and lean subjects were

shown as measured by the barostat and single photon

emission computer tomography (SPECT) techniques6,7

respectively. On the other hand, some authors sugges-

ted that obese and bulimic individuals would have a

higher gastric capacity that may explain the tolerance

of higher gastric volume loads.8 Recently greater body

mass index (BMI) has been independently associated

with reduced satiation and decreased postprandial

fullness. Gastric volume at fasting significantly influ-

ences time and caloric intake to reach maximum

satiation so it has been hypothesized that the differ-

ences in fasting gastric volume could be correlated

with differences in gastric tone.9 In contrast to the

observation of decreased satiation in obese individuals,
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the same authors and others reported an increased

prevalence of different gastrointestinal (GI) symptoms

in obese patients compared with community con-

trols.10,11

Despite these findings, informations about proximal

gastric function in obese patients with reflux disease

are lacking. We hypothesized that an increase of upper

abdominal symptoms in obese patients could reflect

either an increased gastric sensitivity or disordered

motility causing impaired proximal stomach function

as documented in patients with reflux disease.

Our aim was to study the proximal stomach func-

tion and perception in obese patients with normal or

abnormal oesophageal acid exposure.

MATERIALS AND METHODS

Participants

Thirty-nine individuals participated in the study after

giving their informed consent. The study protocol has

previously been approved by the Ethical Committee of

Federico II University of Naples, Italy.

Obese population

This study enrolled 31 consecutive obese patients

(27 women, range: 17–51 years; Table 1). All these

patients were referred for bariatric surgery as had a

BMI of >35–40 kg m)2 and also had obesity-related

comorbidities or had a BMI of >40 kg m)2 even

without comorbidities if the weight adversely affected

their life and could show that dietary attempts at

weight control had been ineffective.12 A patient

underwent cholecystectomy and another was hyper-

tensive and on treatment with enalapril. None of

them used medications that could alter GI sensori-

motor function, and altered recently their food intake.

The diagnostic workup included an upper gastrointes-

tinal (UGI) endoscopy and an UGI barium meal also

with the patients in Trendelenberg position to

exclude anatomic lesions of the oesophagus and the

stomach and to assess for the presence of oesophagitis

and hiatal hernia (HH).

The medical evaluation included a structured ques-

tionnaire on the presence/absence of GI symptoms –

fullness, abdominal pressure, abdominal pain, nausea

and vomiting.13

Control subjects

Eight lean healthy volunteers (six women, range: 21–

65 years) with normal weight (no one was under 18.5 or

above 25 kg) were selected from the general and

medical staffs of the medical centre and from the

workers and staff of Federico II University of Naples as

healthy control (HC; Table 1). Exclusion criteria inclu-

ded history of GI surgery (except for appendectomy),

concurrent significant medical conditions, use of

medication that could alter GI sensory motor function.

None of them had either oesophageal or GI symptoms

as assessed by questionnaires. The gender and age

distribution of HC was similar to obese patients (v2:
P ¼ 0.4, t-test: P ¼ 0.8).

Table 1 Demographic and clinical parameters of obese patients and HC

Obese patients
(n ¼ 31)

Obese patients with
abnormal acid exposure
(n ¼ 19)

Obese patients with
normal acid exposure
(n ¼ 12) HC (n ¼ 8)

Gender (M/F) 27/4 4/15 0/12 6/2
Age (years) 31.9 ± 11.0 31.3 ± 10.9 32.8 ± 11.4 32.9 ± 11.3
Weight (kg) 122.6 ± 22.0 126.7 ± 23.4 115.9 ± 18.6 63.8 ± 9.4
BMI (kg m)2) 45.4 ± 5.5 46.2 ± 6.1 44.2 ± 4.4 22.3 ± 1.9
Oesophageal symptoms 14/31 11/19 3/12 0/8
Oesophageal symptoms score 2.13 ± 3.0 3.2 ± 3.4 0.5 ± 0.9 0.0 ± 0.0
Presence of upper GI symptoms
Bloating 8/23 5/14 3/9 0/8
Abdominal pressure 2/29 1/18 1/11 0/8
Fullness 10/31 6/13 4/8 0/8
Nausea 1/30 1/18 0/12 0/8
Abdominal pain 1/30 1/18 0/12 0/8
Vomiting 5/26 3/16 2/10 0/8

Values are expressed as mean ± SD.
HC, healthy controls; BMI, body mass index; GI, gastrointestine.
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Protocol

All participants were studied after overnight fast

without any medication for at least 72 h. Examinations

were performed in a calm room, at 9 AM. The partic-

ipants underwent an assessment of oesophageal symp-

toms, but only obese patients underwent an

assessment of GOR pattern. They were then divided

into two groups according to the presence of normal

oesophageal acid exposure (pH < 4 for <4.75% of the

total time) or abnormal oesophageal acid exposure

(pH < 4 for more than 4.75% of the total time).4 On a

separate day (median 4, range: 2–8 days) each partici-

pant fulfilled the structured GI questionnaire and

underwent a measurement of the proximal stomach

function and perception.

Assessment of the oesophageal symptoms

The oesophageal symptom score was calculated by

giving obese patients and HC a validated question-

naire dealing with the frequency and the intensity of

heartburn, regurgitation, and dysphagia and chest

pain retrospectively.4 For each obese patient and

HC, the score of frequency and intensity of each

symptom was calculated. When more than one

symptom was present, the cumulative total score

was calculated.4

Assessment of gastro-oesophageal reflux pattern

Oesophageal pH measurements were performed on

ambulatory basis over 24 h as previously described.4

Briefly, a monoglass pH electrode (Mettler-Toledo

AG, Greifensee, Switzerland) was passed through and

secured to the nose with the electrode positioned

5 cm above the LOS previously detected manometri-

cally and, connected to a data logger (LEM, Bologna,

Italy). The patients were encouraged to adhere to

their usual diet, to their normal mealtimes. They

were carefully instructed to activate the event mar-

ker and to record on a diary card the timing of

symptoms, meals, drinks and body position. A com-

puter program (GENESI 4 version 8.0) was used to

analyse all pH data. The time that oesophageal pH

was below 4 (oesophageal acid exposure time) was

expressed as a (percentage) fraction of the total

registration period. Abnormal oesophageal acid expo-

sure was considered to be present when >4.75% of

the total time showed a pH < 4.4 Mean oesophageal

acid clearance time (EAC) per subject was defined as

total reflux time (in min) divided by total number of

reflux episodes.

Proximal stomach function

Proximal stomach function was investigated using an

electronic barostat (ABS, Saint-Rosny-sous-Bois,

France). A detailed description of the electronic baro-

stat has been reported previously.13 Briefly, the baro-

stat maintains a constant pressure on the inside of a

bag containing air by means of feedback. The feedback

mechanism consists of a strain-gauge connected to an

injection/aspiration system by means of a relay. Both

the strain-gauge and the injection/aspiration system

are independently connected by a double-lumen poly-

vinyl tube (12F, Vygon, Brussels, Belgium) to a spher-

ical ultrathin bag (capacity 750 mL; max diameter

17 cm). A dial allows the selection of the desired

pressure level. Pressure and volume within the bag are

continuously recorded on a paper polygraph (model

R611, Beckman, SensorMedics, Milan, Italy) at

1 mm s)1. The carefully folded gastric bag was intro-

duced through the mouth into the stomach. To unfold

the intragastric bag, one lumen of the connecting tube

was connected to a pressure transducer and the bag was

slowly inflated through the other lumen of the tube

with 300 mL of air under controlled pressure

(<20 mmHg). The bag was then completely deflated

and connected to the barostat. Firstly, the pressure in

the bag was increased stepwise by 1 mmHg every

2 min to measure the minimal distending pressure

(MDP) of the stomach, defined as the first pressure

inducing an intragastric volume >30 mL. This pressure

level accounted for intra-abdominal pressure. After-

wards, intrabag pressure was increased stepwise by

2 mmHg every 3 min until intrabag volume was

>600 mL or when the participants reported discomfort.

After the distensions, the bag was deflated com-

pletely and the participants allowed moving about for

10 min. The barostat was then set again at 1 mmHg

above MDP and fasting recordings performed for

20 min. If rhythmic volume waves were detected, the

start of the fasting recording was postponed until they

had stopped.14

At each pressure step intrabag volume was averaged

over the last minute of stepwise increments before the

next pressure step. The volume at each pressure level

was corrected for air compressibility using Boyle’s

Law (P1V1 ¼ P2V2). The volume–pressure curve was

constructed starting from MDP and the compliance

(DV/DP) was used for analysis.13

Mean barostat volume or baseline volume named as

fasting gastric tone was determined over the 20-min

observation period by counting the mean intrabag

volume over that period, excluding variations attribut-

able to volume waves were excluded.14 A volume wave
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was defined as a change of bag volume >30 mL, which

reverted in <2 min to a volume within 50% of the

previous level.

In each participant we calculated the responses to

the same isobaric distensions. Minimal distending

preseuure, gastric tone and gastric compliance were

used for statistical comparisons.

Assessment of gastrointestinal sensations

At each pressure step the perception of the upper

abdominal sensations (pressure, fullness and nausea)

was scored using a validated questionnaire.13 The

participants were also asked to specify any other

sensation perceived in an open choice box on the

questionnaire. Any sensation was independently eval-

uated on a graphic rating scale that combines visual

descriptors on a visual analogue scale graded from 0 to

6. Each participant received standard instructions,

specifying that score 0 represented absence of percep-

tion, score 5 represented a sensation of discomfort and

score 6 represented a sensation of pain that was not

expected and that signalled an immediate interruption

of the stimulus. Any sensation was evaluated on the

scale, on the basis of its perceived intensity, and

orientative descriptors were provided indicating that

score 1 represented vague perception of light inten-

sity, score 2 represented definite perception of light

intensity, scores 3 and 4 represented vague and

definite perception of moderate sensation respect-

ively. The participants were also told that if needed,

they could indicate half unit scores on the scale, in

such a way that scores of intensity were really 12.

When more than one sensation was scored, the

cumulative perception score was computed for com-

parisons.

Statistical analysis

Computation was carried out by the SPSS software

package for Windows (release 11.5.1; SPSS Inc., Chi-

cago, IL, USA). Data are presented as mean ± SD unless

otherwise indicated. P < 0.05 was used for statistical

significance. Chi-squared test, Pearson’s correlation,

Multiple ANOVA and linear regression analyses were

used as appropriate.

RESULTS

Demographic and clinical parameters

The demographic and clinical parameters are shown in

Table 1. Obese patients had BMI ranging from to 36 to

57 kg m)2. Eight obese patients evidenced HH and two

of them showed also oesophagitis (Grade A Los Ange-

les).

Gastro-oesophageal reflux pattern

Table 2 showed the influence of morbid obesity on

24 h pHmeasurements. On an individual basis 19 of 31

(61%) had abnormal oesophageal acid exposure. The

percentage of total time with pH < 4 was 1.7 ± 1.5 and

8.9 ± 3.6 (mean ± SD) in patients with normal and

abnormal oesophageal exposure respectively. Patients

with abnormal oesophageal acid exposure had higher

significant prevalence of HH than patients with

normal oesophageal acid exposure (v2: eight of 19 vs

one of 12, P ¼ 0.04).

Oesophageal symptoms

The prevalence of oesophageal and GI symptoms is

reported in Table 1. In all obese patients heartburn and

regurgitation were reported more frequently than dys-

phagia. The intensity-frequency symptom score was

significantly higher in obese patients with abnormal

than normal acid exposure (ANOVA, P < 0.01; Table 1).

Gastrointestinal symptoms were present in 19 obese

patients and six patients had more than one symptom

(Table 1).

Multiple linear regression analysis in obese patients

showed that the percentage of total time with pH < 4 is

significantly related to the presence of HH, the

oesophageal intensity-frequency symptom score and

gender, i.e. higher percentage in men (Table 3).

Table 2 Reflux parameters of obese patients (n ¼ 31)

Time (%) for pH < 4 Mean ± SD (range)

Total time 6.1 ± 4.6 (0.0–15.1)
Time supine 7.6 ± 7.9 (0.0–30.9)
Time upright 6.0 ± 5.0 (0.0–16.9)
EAC 1.9 ± 1.1 (0.0–4.0)

Reflux variables

Weight BMI

r P-value r P-value

Time (%) for pH < 4
Total time 0.226 0.111 0.131 0.241
Supine 0.095 0.315 0.009 0.481
Upright 0.217 0.134 0.166 0.199

Values are expressed as mean ± SD.
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Proximal stomach function

The volume–pressure relationship in response to step-

wise increments in intragastric pressure was linear in

obese patients and HC (individual r from 0.88 to 0.99 for

both groups). Minimal distending pressure was signifi-

cantly higher in obese patients compared with lean HC

(11.8 ± 2.2 vs 6.4 ± 3.0 mmHg, ANOVA, P < 0.001). Be-

cause four patients and one HC experienced discomfort

and/or showed an intrabag volume >600 mL at 8 mmHg

above MDP, which was used as upper limit for the

calculation of compliance. The volume–pressure curves

for obese patients and HC are illustrated in Fig. 1. Gas-

tric tone and compliancewere not significantly different

between obese and lean HC (ANOVA, P ¼ 0.1 and 0.4

respectively). No difference was found in MDP, gastric

tone and gastric compliance between obese patients

with abnormal or normal oesophageal acid exposure

(ANOVA, P > 0.05; Table 4). No relationship was found

between EAC and MDP in obese patients (r ¼ 0.004).

Symptomatic response to gastric distension

Isobaric gastric distensions induced increased percep-

tion of UGI symptoms in obese patients and HC. The

cumulative perception score positively skewed was

borderline significantly higher in obese patients than

in HC (0.57 ± 0.48 vs 0.14 ± 0.31, P ¼ 0.06, ANOVA).

Fig. 2 shows mean values for the cumulative percep-

tion score positively skewed in obese patients with

normal or abnormal oesophageal acid exposure. The

cumulative perception score positively skewed was

significantly different between patients with normal or

abnormal oesophageal acid exposure after adjusting for

covariates: gender, BMI, age, MDP, gastric tone and

gastric compliance. Gastric tone and compliance were

significantly related to the perception cumulative score

positively skewed (Table 5).

DISCUSSION

The ambulatory 24-h oesophageal pHmonitoring is the

most sensitive and objective means to assess reflux.

Nineteen of our obese patients presented an abnormal

oesophageal acid exposure according to criteria of the

Italian multicentre GISMAD Study Group15 and, the

percentage of total time with pH < 4 is found to be

positively related to intensity-frequency of oesophageal

symptoms score, to presence of HH and to gender, i.e.

men had higher percentage of total time with pH < 4.

So far no pathophysiological mechanisms can comple-

tely explain the increased association between reflux

and obesity.3 One of the possibilities was an increased

intra-abdominal pressure.16 The elevated MDP in

obese patients compared with lean subjects, showed

by Klatt et al.6 and, confirmed in this study, can be

explained assuming an elevated intra-abdominal pres-

sure. Alternatively, it is conceivable that an increased

Table 3 Multiple regression analysis: the percentage of total time with pH < 4 by gender, age, BMI, presence or absence of hiatal
hernia, presence of gastrointestinal symptoms and oesophageal intensity-frequency symptom score

Unstandardized
coefficients

Standardized
coefficients

t-test Significance 95% CIb SE b

Constant 8.64 6.08 1.42 0.17 )3.91 to 21.19
Presence or absence of HH 4.05 1.38 0.40 2.93 0.01 1.20–6.90
Presence of upper GI symptoms )0.23 0.58 )0.05 )0.39 0.70 )1.42 to 0.97
Oesophageal symptom score 0.63 0.22 0.41 2.83 0.01 0.17–1.09
Gender )6.46 2.16 )0.48 )2.99 0.01 )10.92 to )2.00
Age 0.03 0.06 0.08 0.60 0.56 )0.08 to 0.15
BMI )0.09 0.11 )0.11 )0.84 0.41 )0.33 to 0.14

Dependent variable: the percentage of total time with pH < 4.
CI, confidence interval; HH, hiatal hernia; GI, gastrointestine, BMI, body mass index.
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BMI predisposes to the development of a HH and

explains the link to reflux symptoms.17,18 A higher

prevalence of HH was also found in our obese patients

with abnormal oesophageal acid exposure.

Our novel findings are that the cumulative percep-

tion score in response to isobaric gastric distensions

using a barostat is higher in obese patients with

abnormal oesophageal acid exposure compared to

obese patients with normal oesophageal acid exposure

adjusted for age, BMI, gender, MDP, gastric tone and

compliance. No significant difference was found in

gastric tone and pressure–volume relationship (com-

pliance) between obese patients with normal or abnor-

mal oesophageal acid exposure and HC, but the

multiple ANOVA showed a significant effect of gastric

tone and compliance on the cumulative perception

score.

Table 4 MDP*, gastric tone and compliance in obese patients and HC

Obese patients
(n ¼ 31)

Obese patients with
abnormal acid exposure
(n ¼ 19)

Obese patients with
normal acid exposure
(n ¼ 12) HC (n ¼ 8)

MDP (mmHg) 11.7 ± 2.1 12.3 ± 2.0 10.8 ± 2.1 6.4 ± 3.0
Tone (mL) 97.5 ± 52.9 98.5 ± 62.6 96.0 ± 35.0 65.0 ± 19.3
Compliance (mL mmHg)1) 35.5 ± 14.3 36.5 ± 15.5 34.0 ± 12.6 30.7 ± 16.3

Values are expressed as mean ± SD.
MDP, minimal distending pressure; HC, healthy controls.
See Results for the statistical significance.
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Figure 2 Base-10 logarithm (Lg) of perception cumulative
score in patients with normal or abnormal oesophageal acid
exposure (mean ± SD).

Table 5 Base-10 logarithm (Lg) of perception cumulative score by normal ¼ 1 or abnormal ¼ 2 oesophageal acid exposure with
gender, BMI, age, MDP*, gastric tone, gastric compliance

Experimental method

Sum of squares d.f. Mean square F Significance

ANOVA

Lg perception cumulative score
Covariates (combined) 2.497 6 0.416 2.834 0.032
Gender 0.245 1 0.245 1.670 0.209
BMI 0.291 1 0.291 1.985 0.172
Age 0.004 1 0.004 0.024 0.878
MDP* 0.000 1 0.000 0.003 0.957
Gastric tone 1.113 1 1.113 7.577 0.011
Gastric compliance 0.653 1 0.653 4.449 0.046

Main effects
normal ¼ 1 or abnormal ¼ 2
oesophageal acid exposure

1.009 1 1.009 6.870 0.015

Model 3.506 7 0.501 3.411 0.012
Residual 3.378 23 0.147
Total 6.884 30 0.229

BMI, body mass index.
*Minimal distending pressure (MDP; mmHg), gastric tone (mL), gastric compliance (mL mmHg)1).
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Previous studies of proximal gastric function using

an electronic barostat in lean GORD patients dem-

onstrated that compared with HC they had a similar

gastric compliance, a prolonged gastric relaxation

after meal ingestion and an increased visceral sensi-

tivity.5

It may be considered that in patients with reflux

disease the distension of the proximal stomach results

in a higher number of postprandial transient LOS and

increases reflux episodes, and then the perception.5 We

cannot exclude that by distending very proximal

stomach anatomical changes might affect the distal

oesophageal anatomy, but to date, in our knowledge,

no data in vivo about anatomical modifications of

these complex region to proximal stomach distension

are available. These observations suggest that chemical

stimulation of intestinal afferents by acid exerts a

sensitizing effect on the stomach and increases per-

ception of gastric distensions. This suggestion is

supported by previous animal studies showing that

chemical stimulation is able to induce sensitization at

the peripheral or the central level.19 In keeping with

these studies, acid perfusion in the oesophagus, stom-

ach, or duodenum was found to result in enhanced

mechanosensitivity of the same region.20 Furthermore,

it has been shown that acid perfusion in the distal

oesophagus is associated with the development of

mechanical hyperalgesia in the proximal oesophagus,

which has not been exposed to acid.21 Accordingly,

chemical irritation with acid appears to increase

sensory input to interneurones and/or projection neu-

rones in the dorsal horn of the spinal cord, resulting in

a secondary hyperalgesia in adjacent, undamaged vis-

ceral tissue and a central hyperexcitability.19 Thus,

increased oesophageal acid exposure presented in our

obese patients might potentiate perception of a differ-

ent concurrent stimulus, expanding the whole spec-

trum of GORD-related symptoms. In fact, patients

with reflux disease often report also dyspeptic symp-

toms as epigastric pain, bloating and nausea.22,23 Our

results are consistent with previous population-based

studies of increased GI symptoms in overweight and

obese subjects,11 and in the same population a positive

linear relationship between BMI and self-reported

frequent heartburn or acid regurgitation has previously

been reported.24 Contrary to an increase of GI symp-

toms a decreased satiation was found in obese patients

with no association between BMI and increased gastric

volume as measured by SPECT techniques.7 In fact,

gastric volume at fasting significantly influences time

and caloric intake to reach maximum satiation so it

has been hypothesized that the differences in fasting

gastric volume are more likely to be related to gastric

morphological differences or differences in gastric

tone.9 During fasting a vagal cholinergic input main-

tains a high gastric tone, which is a particular type of

sustained contraction exerted by the wall of the

proximal stomach. We confirmed in this study that

basal gastric tone and compliance measured by an

electronic barostat are not altered in obesity as a

previous study has already demonstrated,6 adding the

novel datum of no difference in gastric tone and

compliance between obese patients with normal or

abnormal oesophageal acid exposure. Nevertheless,

either gastric tone or gastric compliance were signifi-

cantly related to the cumulative perception score

during isobaric distensions in our obese patients.

Either technique aspect or population studied could

be considered. The barostat has limitations and poten-

tial technical pitfalls that require proper attention. At

constant pressure barostat measures variations of tone,

but not absolute tone levels. Baseline volume depends

on the operating pressure, which cannot be standard-

ized so precisely, as to grant absolute measurements of

basal tone.25 One could expect a stronger correlation

between gastric tone and UGI perception, but one of

the limits of our study is that we investigated only the

extreme spectrum of obese patients with BMI >36.

Gastric emptying, another potentially relevant factor,

was not tested in this study. However, studies of

gastric emptying in obese patients compared with lean

subjects are contradictory, with some showing accel-

erated26,27 and others slower28 emptying rates. This

may be attributable to the lack of standardization of

dietary habits (e.g. calorie restricted vs calorie excess)

immediately preceding the studies29 that we carefully

avoided.

In conclusion, this is the first study that demonstra-

ted an increased gastric perception only in obese

patients with abnormal oesophageal acid exposure

and a significant relation among gastric tone, gastric

compliance and UGI sensations, which could not be

due to the immediate effects of reflux, but involve

more elaborate mechanisms that might be further

investigated.
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