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Background/Aims
Asthmatics have abnormal esophageal motility and increased prevalence of gastroesophageal reflux disease (GERD). The con-
tribution of gastric motility is less studied. We studied gastric myoelectrical activity, gastric emptying (GE) and their association 
with GERD symptoms and vagal function in adult asthmatics.

Methods
Thirty mild, stable asthmatics and 30 healthy controls underwent real-time ultrasonography and 1 hour pre- and post-prandial 
cutaneous electrogastrography, following a test meal (480 kcal, 60% carbohydrate, 20% protein, 20% fat and 200 mL water). 
The percentage of normal slow waves and arrhythmias, dominant frequency and power, frequency of antral contractions, gas-
tric emptying rate (GER) and antral motility index (MI) was calculated. Twenty-seven asthmatics underwent gastroscopy and in  
all subjects GERD symptoms were assessed by a validated questionnaire. Vagal function parameters were correlated with gas-
tric motility parameters.

Results
The asthmatics (37% male; 34.8 ± 8.4 years) and controls (50% male; 30.9 ± 7.7 years) were comparable. None had endo-
scopic gastric pathological changes. Twenty asthmatics described GERD symptoms. Twenty-two (73.3%) asthmatics showed a 
hypervagal response. Compared to controls, asthmatics had delayed GER and lower MI, lower percentage of normal gastric 
slow waves, more gastric dysrythmias and failed to increase the post-prandial dominant power. There was no correlation of 
GE and cutaneous electrogastrography parameters with presence of GERD symptoms or with vagal function.

Conclusions
Asthmatics showed abnormal gastric myoelectrical activity, delayed GE and antral hypomotility in response to a solid meal 
compared to controls. There was no association with vagal function or GERD symptom status. 
(J Neurogastroenterol Motil 2013;19:355-365)
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Introduction
Gastroesophageal reflux (GER) symptoms are common in 

patients with asthma and asthmatics are known to have abnormal-
ities in esophageal motility and pathological amounts of GER.1 
Increased levels of GER predispose to airway disease and delayed 
gastric emptying (GE) increases GER.1 

Measurement of gastric emptying is the most common test of 
gastric motility. The real-time ultrasound method of assessing 
gastric emptying time is based on measurement of the width of 
the gastric antrum. Serial antral cross-sectional area is measured 
after consumption of a test meal at the point where there is simul-
taneous visualisation of the pyloric antrum, aorta and the superi-
ormesenteric artery.2 Ultrasound study of the antropyloric region 
has been compared to the currently accepted reference method of 
scintigraphy and to radiography3,4 and has been reported to be re-
liable with good inter-observer agreement.5 This method, how-
ever, also has disadvantages. It is time-consuming and the techni-
que cannot be performed when it is difficult to visualize the total 
stomach as a result of excessive air or when the gastric fundus is 
located behind the costal margin.4 

Cutaneous electrogastrography (cEGG) is a non-invasive 
means of recording human gastric myoelectrical activity from cu-
taneous leads placed on the anterior abdominal wall overlying the 
stomach6,7 and is a reflection of the mechanical activity of gastric 
smooth muscle. cEGG is recorded one hour pre and post-pran-
dially using a portable EGG recorder. EGG data is analyzed us-
ing a software. cEGG can be used to evaluate gastric motor activ-
ity and its non invasive nature and easy recording technique 
makes it an attractive option to study gastric motility.8 In humans, 
gastric electrical activity can be measured by serosal or mucosal 
electrodes, but their invasive nature limits their use in routine 
investigations. A good correlation has been shown between cuta-
neous EGG recordings and myoelectric activity recorded from 
gastric serosal and mucosal leads.8 

Many studies have shown the potential role of GER in asth-
matics and some patients with gastroesophageal reflux disease 
(GERD) have delayed GE. It might be logical to assume that de-
layed GE or abnormal gastric myoelectrical activity (GMEA) is 
associated with asthma. There have only been 2 previous reports 
of GE in asthmatics. The first was a scintigraphy GE study on 12 
patients with GER-related cough which showed that GE was not 
delayed.9 However, the age of the control group was younger 
than that of GER-related cough group in the study. The second 

was a radionuclide study investigating the effect of atropine in 6 
asthmatics which demonstrated delayed GE in 2 of the subjects.10 
Because of the paucity of data, there is a need for further study of 
gastric motility in asthmatics.

This study describes GMEA and GE of a solid meal in adult 
asthmatics using electrogastrography and real-time ultrasonog-
raphy. 

Materials and Methods
Thirty consecutive asthmatics (American Thoracic Society11; 

12% improvement and 200 mL increase in FEV1 following bron-
chodilator administration) were recruited from medical clinics, 
irrespective of their GERD symptom status, asthma severity or 
asthma medication use. Controls were individuals who denied 
having respiratory symptoms, asthma or other respiratory illness. 
Being a smoker, alcoholic, diabetic, having an esophageal disease 
or a history of previous upper gastro-intestinal surgery served as 
additional exclusion criteria for all subjects. 

This study was approved by the Ethics and Scientific Review 
Committee of the Faculty of Medicine of the University of 
Kelaniya, Ragama, Sri Lanka.

Vagal Automonic Function and Sympathetic 
Function

Vagal autonomic function was assessed by (1) heart rate re-
sponse to the Valsalva maneuver: sustaining a forced expiration 
through a mouthpiece connected to a manometer (40 mmHg) 
lasting 15 seconds, following a deep inspiration; (2) heart rate 
variation with quiet and deep breathing (6 breaths per minute); 
and (3) heart rate response to standing from supine position.

Sympathetic function was assessed by blood pressure re-
sponse to standing from supine position.12 

Gastroesophageal Reflux Disease Symptom 
Assessment

Both asthmatics and controls were screened by a validated 
GERD questionnaire assessing frequency and severity of 7 
symptoms on a 5-point Likert scale. A GERD score (sum of the 
products of frequency and severity of each symptom) was 
calculated. A cut off score of ≥ 12.5 was considered as symptom 
positive for GERD.13

Upper Gastrointestinal Endoscopy
Upper gastrointestinal endoscopy was performed in 27 asth-
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matics that consented, by 2 trained physicians using a fiberoptic 
endoscope (CLV-U20; Olympus, Tokyo, Japan) and findings 
graded according to modified Savary-Miller criteria.14 Endos-
copy was not performed in controls. A patient was given a diag-
nosis of functional dyspepsia (FD) when structural or acid-re-
lated causes for the patient’s symptoms were sufficiently ruled 
out. According to the Rome III criteria, FD is diagnosed when 
there is no evidence of structural disease (including at upper en-
doscopy) that is likely to explain the symptoms and if bothersome 
postprandial fullness, early satiation, epigastric pain and epi-
gastric burning are present for the last 3 months with symptom 
onset at least 6 months prior to diagnosis.15 Of the 30 asthmatics 
in our study, 10 had endoscopic abnormalities, and 23 had 24 
hour pH abnormalities. Both tests were normal in only three 
asthmatics. None of these 3 patients had dyspeptic symptoms. 
Therefore it is unlikely that they had ‘FD’.

Gastric Function Tests
Gastric function tests were performed on consecutive days af-

ter an overnight fast of 6 hours. Females were investigated during 
the proliferative phase of the menstrual cycle. Drugs known to al-
ter gastric motility were discontinued 48 hours prior to the 
study.16 The standard test meal consisted of 4 slices of white 
bread (90 g), 50 g dhal cooked in coconut milk and 200 mL of 
water (total energy value 480 kcal; 58 g carbohydrate, 21 g pro-
tein, 18 g fat).17 Each subject ingested the test meal within 15 
minutes.

Electrogastrography Recording
EGG was recorded 1 hour pre- and post-prandially using a 

portable recorder (Digitrapper EGG; Synetics Medical, Stock-
holm, Sweden) as previously reported.6,16 All recordings were 
made at a sampling frequency of 4 Hz and low and high cut-off 
frequencies of 1-18 cpm. The subjects were kept in the supine 
position, lying comfortably. They were asked to minimize talking 
or movements during recording to minimize motion artifacts. All 
electrical appliances that could cause interference with recording 
were kept well away from the subjects. The electrode area was 
prepared by abrading the skin with abrasive gel (Omni-Prep) un-
til the skin became pinkish in color. Electrode conductive cream 
was rubbed into the electrode area, excess cream wiped away and 
the area allowed to dry prior to placement of the electrodes. In 
those subjects with excess body hair the abdominal hair was 
shaved at site for electrodes. The electrodes (disposable, adhesive 
ECG electrodes) were placed close to the antral region along the 

antral axis of the stomach. One active electrode was kept on the 
subject’s ventral mid-line, halfway between the xiphoid process 
and umbilicus. The other active electrode was kept on the sub-
ject’s left side, 5 cm distant and 45o superiorly. The reference 
electrode was kept on the subject’s right side, 5-10 cm away and 
at the same level of the middle electrode. Once the subject was in 
position and connected to the digitrapper, recording was started 
by pressing the start button. At the end of 60 minutes, the record-
er was paused and removed, and the subject was asked to partake 
of the standard test meal. Following ingestion of the meal, the re-
corder was re-connected to the electrodes and the recording was 
continued for another 60 minutes. The start and end of the meal 
were marked by pressing the ‘meal’ button. This was done to ex-
clude the meal period from analysis. 

The recorded data in the recorder were then uploaded into a 
computer and analyzed by spectral analysis using a dedicated 
software program (Electrogastrogram, version 6.40; Synetics 
Medical). Power spectral analysis uses the Fast Fourier Trans-
form algorithm to extract frequency information of the EGG. 
Application of Fourier transformation to a time signal results in 
the generation of a frequency spectrum. Manual visual inspection 
of the recording was carried out and motion artifacts were re-
moved prior to the analysis.

The following parameters were evaluated before and after the 
test meal. 

(1) Period dominant frequency (PDF): normal PDF was 
defined as a frequency of between 2-4 cycles per minute. 

(2) Percentage of 2-4 cycles per minute normal gastric slow 
waves

(3) Percentage of gastric dysrhythmias (bradygastrias, ta-
chygastrias and arrhythmias): activity of 0-2 cycles per 
minute was termed as bradygastria and that of 4-9 cycles 
per minute as tachygastria. 

(4) Period dominant power (PDP)
(5) EGG power ratio (the ratio of the post-prandial PDP to 

fasting PDP)
(6) Dominant frequency instability coefficient (DFIC)

Measurement of Gastric Emptying and 
Antral Motility 

Measurement of GE and antral motility was by real-time ul-
trasonography, using a high resolution real-time scanner (SD- 
550, Aloka, Japan) with a 3.5 MHz curve linear transducer18 by 
the same trained investigator (WADL Amarasiri). All subjects 
reclined backwards at 45o to the horizontal plane allowing simul-
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Figure 1. Measurement of gastric emptying and motility using real-time ultrasonography. (A) A scan showing the plane used to obtain the 
cross-sectional antral areas. (B) A scan showing the antral area at 5 min after ingestion of the test meal. (C) A scan showing the antral area at 210 min
after ingestion of the test meal.  L, liver; PA, pyloric antrum; SMA, superior mesenteric artery; AO, aorta.

taneous visualization of the antrum, superior mesenteric artery 
and abdominal aorta (Fig. 1A). 

GE was measured as the cross-sectional area of the gastric 
antrum at fasting and 5, 15, 30, 60, 90,120, 150, 180, 210 and 
240 minutes after ingestion of the test meal (Fig. 1B and 1C). 
The mean of three readings was calculated at each time during in-
ter-peristaltic relaxation. GE measurement was stopped at 240 
minutes, or earlier if fasting gastric antral size resumed and re-
mained unchanged for 30 minutes and there was complete ab-
sence of food particles within the antrum.18 

The following parameters were calculated at each time point.
(1) Gastric emptying rate = [(antral area at 5 minutes - an-

tral area at each time point)/antral area at 5 minutes] × 100
(2) Gastric residual ratio (%) = (antral area at each time 

point/antral area at 5 minutes)  × 100
(3) Antral motility index (MI) = amplitude of antral con-

tractions × frequency of contractions in one minute.
(4) Amplitude of Contractions = [(maximum antral area at 

relaxation - minimum antral area at contraction*)/antral 
area at relaxation] × 100 (*Fig. 1C).

(5) Gastric half emptying time (t1/2) = interval between the 
end of the meal and the point when antral area was re-
duced to 50% of the maximal antral area.19

To minimize inconvenience and non-compliance, GE meas-
urement was only carried out for upto 4 hours post-prandial.18 
Measurements were always taken from the outer profile of the 
wall as the lumen of the antrum is usually very narrow in fasting 
subjects and the inner side of the wall is difficult to outline. The 
mean of three readings was calculated at each time during in-
ter-peristaltic relaxation. The measurements were performed be-

tween antral contractions to provide a measure of relaxed width of 
the antrum. Patients were asked to breathe normally during the 
measurements to avoid changes in antral diameters related to in-
spiration and expiration, and to minimize talking. The measure-
ments were performed by the same investigator, who was blinded 
with respect to the meals. The subjects were examined in a supine 
position, but between examinations, they were seated. All meas-
urements were at the same time of the day. All females were scan-
ned during the follicular phase of the menstrual cycle.18

Sample Size Estimation and Power of Study
The results on gastric motility presented are from a study that 

also assessed 24-hour ambulatory esophageal pH monitoring and 
gastric emptying in asthmatics. The sample size calculated was 
the minimum number of subjects required to undergo the in-
vasive esophageal function tests. We calculated that a minimum 
sample size of 30 in each group would have 90% power at 0.05 
level of significance to detect a mean difference in the total per-
centage reflux time of 0.66 standard deviation units if the stand-
ard deviation of the total percentage reflux time in the asthmatics 
was taken as 1 unit and the standard deviation in the controls was 
a third of the standard deviation among asthmatics. The same 
group of asthmatics and controls underwent gastric emptying 
studies.20

Statistical Methods
Differences in all electrogastrography parameters (PDF, 

percentage of 2-4 cpm normal gastric slow waves, percentage of 
gastric dysrhythmias, PDP, ratio of the post-prandial PDP to 
fasting PDP and instability coefficients DFIC and DPIC) and 
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Table 1. Demographic Details of Asthmatics and Controls

Controls
Asthmatics with  GERD 
symptom scores ＜ 12.5 

(n = 10)

Asthmatics with GERD 
symptom scores ≥ 12.5 

(n = 20)

All asthmatics
(n = 30)

Age (mean ± SD, yr) 30.9 ± 7.7 35.4 ± 9.6 34.5 ± 8.0 34.8 ± 8.4
Gender (M:F) 15:15 2:8 9:11 11:19
BMI (mean ± SD, kg/m2) 21.8 ± 3.6 20.3 ± 2.4 21.9 ± 5.1 21.3 ± 4.4
GERD symptom score (mean ± SD)   7.6 ± 0.8 10.0 ± 1.6 43.1 ± 17.0a 32.0 ± 21.1b

Upper GI endoscopy status, No. of subjectsc

  Normal
  Esophagitis, grade 1
  Esophagitis, grade 2
  Esophagitis, grade 3

5
2
-
-

12
  7
-

  1

17
  9
-

  1
Severity of asthma, No. of subjects (%)
   Mild intermittent
   Mild persistent

    10 (100)
-

16 (80)
  4 (20)

26 (87)
  4 (13)

On oral drugs, No. of subjects (%)
  Oral salbutamol
  Inhaled salbutamol    
  Oral theophylline
  Oral steroids
  Inhaled steroids

    6 (60)
    4 (40)
    5 (50)
    4 (40)
    4 (40)

11 (55)
  5 (25)
  6 (30)
  7 (35)
10 (50)

17 (57)
  9 (30)
11 (37)
11 (37)
14 (47)

Spirometry results (mean ± SD)
   FVC
   FEV1

   FEV1/FVC %

  3.2 ± 0.4
  2.7 ± 0.5
85.2 ± 9.5

1.3 ± 0.6
2.7 ± 0.4

82.9 ± 11.0

3.2 ± 0.5
2.7 ± 0.4

83.7 ± 10.4

GERD, gastroesophageal reflux disease; BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.
aP < 0.001, asthmatics with GERD symptom scores ≥ 12.5 vs. asthmatics with GERD symptom scores ＜ 12.5; bP < 0.001, controls vs. all asthmatics; cP < 0.05,
comparison of endoscopy categories of asthmatics (e.g., normal vs. Grade I vs. Grade II vs. Grade III using cross tabulation).
None of these patients had macroscopic evidence of gastritis or duodenitis. 
All other parameters did not significantly differ between the asthmatics with and without GERD symptoms.

Table 2. Cardiovascular Autonomic Function Test Results in 
Asthmatics and Controls

Controls
(n = 30)

Asthmatics 
(n = 30)

P-value

Heart rate variation during deep 
breathing (maximum-minimum 
heart rate)

20.5 ± 7.9 30.4 ± 5.0      0.039

Immediate heart rate response to 
standing (30:15 ratio)

1.1 ± 0.7   1.2 ± 0.1 ＜ 0.001

Heart rate response to Valsalva 
maneuver (Valsalva ratio)

  1.2 ± 0.2   1.3 ± 0.2      0.019

Blood pressure response to standing 
(fall in systolic blood pressure)

 0.0 ± 0.0  0.0 ± 0.0 NS

All values are mean ± SD.

gastric emptying parameters (gastric emptying rate, gastric re-
sidual ratio, MI, amplitude of contractions and t1/2) between asth-
matics and controls were assessed by Mann-Whitney U test. 
Differences in parameters between controls and asthmatics with 
and without GERD symptoms were assessed using the Kruskal 
Wallis test. Wilcoxon rank sum test was used to compare pre- 
and post-prandial EGG parameters as the data were found to be 
not normally distributed. Spearman correlation coefficient was 
used to assess the association between different variables. Fisher 
exact test and the Chi-square test were employed to compare cate-
gorical variables. A P-value ≤ 0.05 was considered statistically 
significant.

Results
Thirty mild, stable asthmatics (11 [37%] males; 34.8 ± 8.4  

years) and 30 healthy controls (15 [50%] males; 30.9 ± 7.7 

years) completed the study. Asthmatics had a higher frequency 
and severity of GERD symptoms (Table 1). The autonomic 
function test results of asthmatics and controls are shown in 
Table 2.
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Table 3. Cutaneous Electrogastrography Parameters in Asthmatics and Healthy Controls

Controls (n = 30) Asthmatics (n = 30) P-valuea

Pre-prandial (fasting) period (mean ± SE)
   Dominant frequency
   Dominant power
   % of normal waves
   % of tachygastria
   % of bradygastria
   DFIC
Post-prandial period (mean ± SE)
   Dominant frequency
   Dominant power
   % of normal waves
   % of tachygastria
   % of bradygastria
   DFIC
Post/pre EGG power ratio 

       2.80 ± 0.07
  568.80 ± 141.80

94.70 ± 2.30
       4.30 ± 2.20
       0.90 ± 0.40

18.70 ± 3.10

       2.80 ± 0.09
1,180.40 ± 253.30

94.60 ± 0.70
       1.70 ± 0.70
       3.70 ± 0.80

17.70 ± 1.80
  1.17 ± 0.04

    2.60 ± 0.11
330.80 ± 98.00
88.60 ± 2.90

    6.20 ± 2.20
    5.08 ± 1.10

33.40 ± 5.20

    2.90 ± 0.09
630.80 ± 226.70
89.50 ± 1.80

    6.80 ± 0.70
    3.60 ± 3.90

33.80 ± 3.90
    1.09 ± 0.04

0.238
0.231
0.021
0.277
0.001
0.047

0.587
0.010
0.032
0.019
0.677
0.001
0.193 

DFIC, dominant frequency instability coefficient EGG, electrogastrography.
aMann-Whitney U test, asthmatics vs. controls.

Table 4. Gastric Motility Parameters in Response to a Solid Meal in Asthmatics and Healthy Controls

Controls
(n = 30)

Asthmatics with  GERD symptom 
scores ＜ 12.5 (n = 10)

Asthmatics with GERD symptom 
scores  ≥ 12.5 (n = 20)

All asthmatics
(n = 30)

FAA (cm2)     2.0 ± 0.2   1.6 ± 0.1 2.4 ± 0.2a
2.1 ± 0.2b

GER at 210 min (%)   71.8 ± 2.1 85.2 ± 3.0   70.0 ± 2.8c  75.0 ± 2.2d

t1/2 (min) 119.0 ± 7.2 147.0 ± 13.7 115.5 ± 6.2c 126.0 ± 6.6
Lag time (min)    10.8 ± 2.0 13.5 ± 5.4    9.7 ± 2.3 11.0 ± 2.3

FAA, fasting antral area; GER, gastric emptying rate; t1/2, half emptying time.
aP ＜ 0.01, cP ＜ 0.05 asthmatics with GERD symptom scores ≥ 12.5 versus asthmatics with GERD symptom scores ≤ 12.5. bP ＜ 0.05, dP ＜ 0.01 controls vs. all
asthmatics (Mann-Whitney U test).
Values are mean ± SE.

Electrogastrography Parameters in 
Asthmatics and Controls

In Table 3, we compared cutaneous electrogastrography 
findings between asthmatics and controls. The percentage of nor-
mal slow waves among asthmatics was significantly lower than 
controls both pre and post-prandially. Asthmatics showed more 
bradygastria in the fasting and more gastric tachygastria in the 
fed state compared to controls. Controls showed significant in-
crease in PDP post-prandially, but asthmatics failed to do so. 
Asthmatics had significantly higher DFIC values in both pre and 
post prandial states than controls. Other EGG parameters did 
not differ significantly between the 2 groups. On comparison of 
pre- and post-prandial time periods, there was a significant in-
crease in the mean post-prandial PDF value in asthmatics 

(pre-prandial 2.6, post-prandial 2.9; P = 0.023), which was not 
seen in controls (pre-prandial 2.8, post-prandial 2.8; P = 0.988).  

Gastric Emptying and Antral Motility in 
Asthmatics and Controls

Asthmatics with reflux symptoms had wider fasting antral 
areas and delayed GE compared to asthmatics with no reflux 
symptoms (Table 4). The solid GE pattern in all subjects showed 
the physiologically described bi-phasic pattern. The maximum 
antral area was reached at a mean time of 10.8 minutes in controls 
and 11 minutes in asthmatics after ingestion of the meal signify-
ing a brief lag phase. Thereafter, followed a near-linear pattern of 
reduction in the size of the cross-sectional area, depicting the GE 
phase. There were significant differences in gastric antral dilation 
at fasting and 150, 210 and 240 minutes post-prandially between 
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Figure 2. Gastric residual ratios after ingestion of the solid meal in 
asthmatics and controls. *P ＜ 0.01 compared with controls (Mann- 
Whitney U test).

Table 5. Correlation of 30-minute Post-prandial Electrogastrography and Solid Gastric Emptying Parameters at 30 Minutes After Ingestion
of the Standard Solid Test Meal in Controls (n = 30) and Asthmatics (n = 30)

GER at 30 min MI at 30 min

Correlation coefficient (r) P-valuea Correlation coefficient (r) P-valuea

Controls
  30 min post-prandial period
     Dominant frequency
     Dominant power
     % of normal waves
     % of tachygastria
     % of bradygastria
     DFIC
  Post/pre prandial power ratio
Asthmatics
  30 min post-prandial period
     Dominant frequency
     Dominant power
     % of normal waves
     % of tachygastria
     % of bradygastria
     DFIC
  Post/pre-prandial power ratio

0.523
0.086
 0.487
-0.173
-0.317
-0.445
-0.237

0.008 
0.067
0.028
0.005

-0.094
0.022

-0.126

0.003
0.653
0.006
0.359
0.087
0.014
0.207

0.966
0.725
0.884
0.981
0.623
0.909
0.507

0.122
0.459
0.325
0.004

-0.184
-0.268
-0.111

-0.325
0.155

-0.012
-0.106
-0.021
-0.177
-0.143

0.520
0.011
0.080
0.984
0.332
0.152
0.559

0.079
0.415
0.950
0.578
0.913
0.349
0.451

aSpearman rank correlation. 
GER, gastroesophageal reflux; MI, motility index; DFIC, dominant frequency instability coefficient.

Figure 3. Motility index after ingestion of the solid meal in asthmatics 
and controls. *P ＜ 0.05 compared to controls. **P ＜ 0.01 compared to
controls (Mann-Whitney U test).

asthmatics and controls (Fig. 2) as well as in MI at 5, 45, 90, 120, 
150, 180 and 210 minutes post-prandially (Fig. 3). Fasting antral 
area was significantly wider and GER was lower in asthmatics 
with GERD scores ≥ 12.5 compared to those with lower scores. 

Association Between Electrogastrography and 
Gastric Emptying Parameters

In the controls, significant positive correlations were ob-
served between MI at 30 minutes and post-prandial PDP in-
crease; gastric emptying rate at 30 minutes (GER30min) and per-
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centage of normal slow waves; and GER30min and post-prandial 
PDF. The GER30min showed significant negative correlation 
with the post-prandial DFIC (Table 5). There was no association 
between EGG and gastric emptying parameters in asthmatics 
(Table 5).

Correlation With Gastroesophageal Reflux 
Disease Score

There was no association between EGG parameters and 
GERD score. The correlation of GER210min with the total GERD 
score just failed to reach statistical significance (r = -0.388, P = 
0.056). A significant negative correlation was observed between 
frequency of regurgitation and t1/2 (r = -0.411, P = 0.024).

Correlation With Autonomic Function
On autonomic function testing 22 asthmatics (73.3%) show-

ed hypervagal response and all showed normal sympathetic 
response. Each vagal function test parameter was correlated with 
individual upper gastro-intestinal parameters. 

In asthmatics, the post prandial percentage of normal slow 
waves showed a significant negative correlation with heart rate 
difference following deep breathing (r = -3.670, P = 0.046). 
Similarly the postprandial percentage of bradygastric waves dem-
onstrated a significant positive correlation with heart rate varia-
tion following deep breathing (r = 0.412, P = 0.024). We could 
not demonstrate a correlation of the other parameters with the 
other vagal function tests in asthmatics (P ＞ 0.05 for all compar-
isons). There was no correlation between gastric motility tests and 
autonomic function in controls.

Association With Asthma State
As all asthmatics were stable mild asthmatics, the effect of 

asthma severity on the EGG parameter differences was not 
sought. There was no evidence of association between the type of 
asthma medication used or whether they used oral or inhaled 
drugs with the differences between EGG parameters (P ＞ 0.05 
for all comparisons). 

Discussion
This is the first report of GMEA, GE and antral motility in 

asthmatics using cEGG and real-time ultrasonography. Asth-
matics had significant differences in GMEA activity and demon-
strated delayed GE compared to healthy controls. 

The normal GMEA response after meals is an increase in the 

percentage of normal slow waves, PDF, PDP, and a decrease in 
other parameters.21 

The percentage of 2- to 4-cpm slow waves is a quantitative 
assessment of the regularity of the gastric slow waves measured 
from the EGG. This is used to distinguish between normal con-
trols and patients with gastro-intestinal motility disorders as in 
them the percentage is much lower. In this study, asthmatics had 
fewer normal gastric slow waves and more bradygastria pre-pran-
dially.  

The normal range for the PDF is 2-4 cpm.22 The PDF de-
creases from baseline for a short period after eating, then gradu-
ally increases. It decreases after a liquid meal and increases after a 
solid meal.23 In the present study, all subjects showed this 
post-prandial increase in PDF. The post-prandial PDP increase 
after a solid meal is attributed to stomach distension which re-
duces the distance to the recording electrodes, and meal-en-
hanced stomach contraction demonstrated by simultaneous GMEA 
and GE measurements.9,24 A better parameter is the power ratio 
or relative change of dominant power. 

In the present study, in the fed state, asthmatics demon-
strated a significant increase in the PDF and failure to increase 
PDP compared to healthy controls. This failure to increase the 
power ratio significantly may have contributed to low antral mo-
tility in the asthmatics. 

Instability coefficients reflect variations of EGG-dominant 
power and frequency over time. The lower the value of the in-
stability coefficient, more stable is the slow wave. Asthmatics 
demonstrated significantly higher DFIC compared to controls. 
Patients with FD and GERD also have been reported to have 
higher instability coefficients in EGG recordings.25

None of the EGG parameters correlated with GERD symp-
toms scores. However, there was a significant positive correlation 
between the post-prandial PDP increase and gastric antral mo-
tility at 30 minutes after ingesting the same solid meal on consec-
utive days. The GER30min also showed significant positive corre-
lation with percentage of normal slow waves, dominant frequency 
and DFIC. Previous studies have not found a correlation be-
tween EGG parameters and GE.26 They concluded that as GE is 
the final coordination of activity of fundus, antrum, pylorus and 
duodenum and as the EGG reflects only antral activity it is possi-
ble that normal EGG parmeters do not guarantee normal GE.27 
These other studies had either correlated liquid GE to EGG pa-
rameters or did not use the values of a similar post-prandial peri-
od for comparison. This could have accounted for the lack of cor-
relation reported by them. 
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Wide antral areas have been previously reported in patients 
with GERD and FD28 and have been attributed to impaired an-
tral contractility, increased duodenogastric reflux, increased sali-
va, delayed GE or insufficient post-prandial accommodation of 
the proximal stomach.29 In the present study, asthmatics had wid-
er antral areas at each time point. It could be that increased gastric 
secretion following increased vagal activity holds the antral area 
open. There are no comparative studies in asthmatics, though a 
study on 25 healthy children and 25 children with GERD 
showed delayed gastric emptying and a wide antrum after in-
gestion of test food.30

In uncomplicated GERD, antral motility is presumed to be 
normal. Some studies reported no correlation of epigastric full-
ness and regurgitation with solid GE.31 In our study, asthmatics 
with higher GERD symptom scores showed reduced GER and 
antral motility, regurgitation correlating with half emptying time 
of the solid meal and the total GERD score of significant neg-
ative correlation with GE210 min. Another study on 12 adults with 
GERD showed that the area under the emptying time curve was 
greater, and half and total emptying times were prolonged com-
pared to the healthy subjects. However, no relationship was 
found between changes in gastric emptying and in the reflux 
variables.32

Theoretically, abnormal gastric motility in patients with 
GERD and FD could be due to gastritis. However asthmatics in 
the present study had no evidence of antral gastritis, hence it is 
unlikely to have had an influence on motility. 

A possible role of GE in the pathogenesis of reflux disease is 
that, delayed gastric emptying increases the number and duration 
of reflux episodes.33 Increased intragastric volume increases the 
number of transient lower esophageal sphincter relaxations, and 
the gastroesophageal pressure gradient and stimulates acid secre-
tion with subsequent increase of the gastric contents available for 
reflux.34 

Gastrointestinal motility disturbances have been attributed to 
alterations in the autonomic nervous system.35 Autonomic dys-
function is associated with impaired gastro-intestinal motility in 
diabetes mellitus36 and with functional bowel disorders such as ir-
ritable bowel syndrome, functional abdominal pain and non-ulcer 
dyspepsia.37 Our asthmatics had a normal sympathetic response, 
hence asthma medication was unlikely to have influenced auto-
nomic function and consequently the GE. In asthmatics, the post 
prandial percentage of normal slow waves showed a significant 
negative correlation and the postprandial percentage of bradygas-
tric waves demonstrated a significant positive correlation with 

heart difference following deep breathing. This indicates that va-
gal hyperreactivity could reduce normal gastric slow waves, in-
crease bradygastria and contribute to abnormal gastric motility. 
We could not demonstrate a correlation of the other parameters 
with the other vagal function tests in asthmatics. A similar pre-
vious study was not able to show any correlation of gastro-
intestinal motility parameters with autonomic function.38

The asthmatics were mild asthmatics with no other co-mor-
bidities. Whether they had underlying undetected neuropathy 
was not assessed. Autonomic neuropathy in terms of vagal hypo-
function contributes to delayed gastric emptying. However, the 
asthmatic population in our study showed vagal hyperreactivity. 
Hence it is unlikely that there was a contribution of vagal func-
tion to the delayed gastric emptying. However, the fact that we 
did not assess for neuropathy is a limitation of the study.

Theoretically, increased vagal activity should increase gastric 
receptive relaxation and accommodation delaying shifting food to 
the distal stomach and liquid GE. Though a consequent increase 
in antral motility and GE of solid food would be expected, it is 
possible that an increase in gastric acid, gastrin secretion and du-
odenogastric reflux could cause a reflex decrease in GE, through 
release of cholecystokinin and secretin.39 It would be invaluable to 
investigate the role of duodenogastric reflux in the pathogenesis 
of delayed GE in asthmatics. 

Several studies have investigated the role of antral motility in 
gastric emptying. In one study, simultaneous assessment of antral 
manometry and scintigraphy revealed that antral motility was in-
versely related to the duration of the lag period in solid gastric 
emptying and that there was a positive correlation between emp-
tying of solids and antral motility. No significant relation was 
found between antral motility and overall emptying of the liquid 
phase of the meal. They highlighted a role of the antrum in the 
subsequent propulsion of solids and liquids from the stomach.40 
Another study described that GER and antral MI were sig-
nificantly lower in patients with functional abdominal pain com-
pared with controls.41 Other studies have suggested that although 
the antrum has a significant role in the emptying of liquids, other 
undefined factors may modify its effect on gastric emptying.42 

A rat model has shown that hypoxia inhibits GE and gastric 
acid secretion, which stimulate gastrin release through a feedback 
mechanism.43 Whether this is a possible mechanism in patients 
with respiratory disease warrants further study. 

Our study has several limitations. First, we attempted to min-
imize bias due to image distortion in the following ways: by ask-
ing the patient to sit still and talk minimally between scans, by re-
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peating the scan at each time point 3 times and by simultaneous 
measurement by 2 observers. The subjects were not excessively 
obese and did not have excess amounts of abdominal fat. Despite 
these precautions, we accept that there would have been some de-
gree of image distortion. This, together with the fact that we had 
no facility to record the scanning as a continuous process, and 
were not able to demonstrate intra- and inter-observer agreement 
are limitations of the study. Helicobacter pylori infection has been 
found to accelerate GE44 and results in smaller fasting antral 
volumes.45 Other studies, however, have reported no association 
between GMEA and GE in those with H. pylori infection.16 We 
did not test for H. pylori during endoscopy of our asthmatics as 
there was no macroscopic evidence of gastritis or duodenitis. We 
admit that this is also a possible limitation of our results. The re-
sults reported in this study should, therefore, be confirmed with 
further well-designed studies using better diagnostic modalities.

In conclusion, the present study demonstrates that asthmatics 
have significant differences in GMEA, GE and antral motility 
compared to healthy individuals. The abnormal gastric motility in 
asthmatics does not seem to be a result of vagal neuropathy, on 
the contrary it seems to result from a hypervagal response. As de-
layed GE is seen to provoke reflux, and reflux in turn provokes 
asthma or asthma-like symptoms, it would be pertinent to treat 
the gastric pathology to prevent a vicious cycle. Future studies 
should be directed at examining the role of drugs that improve 
gastric motility in the management of GERD-related asthma. 
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