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Effect of Graded Running on Esophageal Motility and

Gastroesophageal Reflux in Fed Volunteers

The effects of different grades of running on esophageal motility and gastro-
esophageal reflux in the fed state were evaluated. We studied healthy volunteers
(male: 12, age: 27 +£5 yr) using ambulatory esophageal manometry, pH catheter
and portable digital data recorder. Each exercise was performed 30 min after
meal, with 20 min of rest between exercises. Subjects exercised on a treadmill
at 40% and 70% maximal heart rate. The number of gastroesophageal reflux
episodes, the duration of esophageal acid exposure and percent time pH below
4 were significantly (p<0.01) increased during exercise at 70% maximal heart
rate. The frequency of contraction (contraction/min) (p<0.05), frequency of
repetition (p<0.01), percent of simultaneous contraction (p<0.01), percent of
above 100 mmHg amplitude (p<0.05), and frequency of 2-peak contraction
(p<0.01) were significantly increased during exercise at 70% maximal heart rate.
However, median amplitude and median duration showed no significant changes
between each exercise session. Postprandial running exercises induce gastro-
esophageal reflux, which correlates with exercise intensity. These effects are
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mediated by disorganized esophageal motility.

INTRODUCTION

In recent yeats, the public has become increasingly
aware of the importance of regular aerobic exercise in
promoting general health status. However exercise has
been known to contribute to the development of heart-
burn, belching, regurgitation, and chest pain. These symp-
toms may manifest as esophageal dysfunction and gastro-
esophageal reflux (1-3). Exercise also has been believed
to have an influence on the esophageal contraction and
gastroesophageal teflux, which ate used to determine the
intensity and the degree of exercise in both trained
athletes and nontrained subjects (4-5). Even though peo-
ple practice moderate to sevete exercise after eating in
ordinary lives, the effects of graded running exercise on
gastroesophageal reflux after eating has not yet been
clearly demonstrated. The purpose of this investigation
is to study the effect of graded running on esophageal
motility and gastroesophageal reflux after eating in
healthy volunteets.
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MATERIALS AND METHODS

Subjects

Twelve male subjects (age: 27 £5) patticipated in this
study. Their life styles had been sedentary with daily
routine activity at work as well as at home. They wete
all healthy nonsmokers without any gastrointestinal com-
plaints. The Human Investigations Committee of Won-
kwang University Hospital approved the protocol and
each subject gave on informed consent.

Motility recording

Esophageal motility was measured by a thin (2.8 mm
OD, 225 cm length) and flexible probe (Sentron, Nethet-
lands) with three-pressure transducer spaced 5 cm apatt.
The probe was passed transnasally. The distal sensor was
positioned at the upper margin of lower esophageal
sphincter (LES), which was located beforehand by a



184

standard pull through technique. The probe was con-
nected to a solid-state datalogger (Microdigitrapper 4Mb,
Synetics Medical, Sweden). It was cattied in a shoulder
bag, allowing continuous tecording while not intetfering
with the physical activity of the subjects. At the end of
the study an analog recording was connected to a com-
puter for the analysis of the data.

pH recording

Intraesophageal pH monitoting was used to evaluate
the gastroesophageal reflux. A monocrystant antimony
pH electrode (2.1 mm, OD, Synetics Medical) was cali-
brated with pH 1.0 and 7.0 buffers and then passed
transnasally and positioned 5 cm above the upper margin
of the LES with esophageal ptessure transducer, which
was determined manomettically. Then, an ambulatoty
recorder (Microdigitrapper 4Mb, Synetics Medical) was
used to obtain a continuous pH monitoring.

Exercise testing with protocol

Each subject was fed with rice-rolls (8 pieces, 660 cal)
and water before exercise, and was then seated on chairs
for 30 min to obtain baseline information after being
fitted with the ambulatory manometty and pH probes.
Maximal heart rate (MHR) of the subjects was obtained
while running on a treadmill (Matrquette Case 15 Elec-
tronic INC) with increasing speed and elevation undil
reaching the calculated target heart rate. Each subject
initially exercised for 30 min at walking, 30 min at 40%
of maximal heart rate and 30 min at 70% of maximal

Diet & Rest

Fig. 1. The experimental design (MHR, maximal heart rate).

Walking Diet& Rest 40% MHR Diet& Rest 70% MHR

30 min 30 min 20 min 30 min 20 min 30 min

Table 1. Effect of graded running on esophageal motility
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heart rate. The exercise sessions wete separated by 20
min rest periods (Fig. 1) Meanwhile, in otrder to presetve
a constant volume of gastric content, meals (4 pieces,
330 cal) were provided at each resting period. All studies
started with 30 min rest periods. The subjects assumed
a sitting position during all test periods.

Analysis

Esophageal manometry and pH records wete analyzed
by a computer software program (Polygram, Gastrosoft,
Sweden), using the data obtained during the 30 min
exercise session and were then compared with the data
obtained 30 min rest petiod. The gastroesophageal reflux
was considered present when pH dropped below 4. Re-
sults were expressed as means =SD. One-way ANOVA
and p<0.05 were selected to make statistic compatisons
between vatious sessions.

RESULTS

The subjects did not expetience any gastrointestinal
symptoms duting the exercise sessions in the fed state.
The mean amplitude of esophageal contraction at rest
was 32.91711.6 mmHg. There wete no significant ampli-
tude changes of esophageal contraction among three ex-
petimental conditions including walking with the mean
of 41119.1 mmHg, 40% MHR with the mean of 39.3
+14.6, and 70% MHR with the mean of 41.3=17.7
mmHg. The median duration of esophageal contraction
was not significantly different in all experimental groups
with the average of 1.8710.57 sec at base, 2.2170.65
sec at walking, 2.02£0.73 sec at 40% MHR, and 1.9+
0.69 sec at 70% MHR. Howevet, the frequency of con-
traction (p<<0.05), frequency of repetition ($<<0.01), pet-
cent of simultaneous contraction (p<0.01), percent of
above 100 mmHg amplitude ($<0.05) and frequency of
2 peaks contraction (p<0.01) were significantly increased

Rest Walking 40% MHR 70% MHR
Median amplitude (mmHg) 329+11.6 41+191 39.3£146 MN3E17.7
Median duration (sec) 1.87£0.57 2.21+0.65 2.02+0.73 1.9+0.69
Contratcion/min 1252058 1.4+0.61 1.21£0.30 1.5+£0.35%
Frequency of repetition 2.82+3.4 1.7£25 3.3%£3.3 11.7+£9.4%1
% of peristaltic contration 782+£17.5 77.8£20.1 809+119 795£120
% of simultaneous contraction 9.63+6.06 757£55 11.47£5.7* 21.1+103%1
% of amplitude >20 mmHg 789=£10.7 82.6+12.1 88.5+57 84.5+65*
% of amplitude >100 mmHg 0.87+1.42 47+4.81 3.28+3.92 6.3+£7.9*
% of 2 peak 1.0+1.8 1.1+£25 2.0x4 6.0£5.07*

Values are mean=SD

*p<0.05 compared with rest; ' p<0.05 compared with 40% MHR



Effect of Running on Esophageal Motility and Gastroesophageal Reflux 185

70 -

30 1

% Duration of pH <4

cmee} o

10 1

0 —= + "7 . ,

Base Walking 40% MHR 70% MHR

Fig. 2. Distribution of percent durations of pH <4 in each
subject in each session. Horizontal lines represent the mean.
The single asterisk indicates p<0.05 compared with base
(MHR, maximal heart rate).

during exercise at 70% MHR (Table 1).

The distribution of percent durations of esophageal pH
<4 in each subject was shown in Fig. 2. Mean petcent
dutation was significantly (p<0.01) longer at 70% MHR
exercise than at base (base; 0.161:0.28%, walking; 1.51
+2.49%. 40% MHR: 3.34+3.49%, 70% MHR; 29.0+
26.1%). The total number of reflux episodes duting each
exetcise increased with increasing the intensity of exetcise
and was significantly (<<0.05) increased at 70% MHR
exetcise compared with that at base and 40% MHR
exercise (base; 0.1420.10, walking; 0.310.25, 40%
MHR; 0.71+0.45, 70% MHR; 5.3 £3.02). These effects
are illustrated in Fig. 3. As the exercise grade increased,
the duration of the longest reflux episodes was increased
and was significantly (p<0.05) longer at 70% MHR
exetcise than it was at base and at 40% MHR exetcise
(base; 0.0410.02, walking; 0.2310.14, 40% MHR;
0.471£0.25, 70% MHR; 3.11£1.78) in Fig. 4.

DISCUSSION

Gastroesophageal reflux (GER) is commonly found in
the general population, and has recently been demon-
strated to occur more frequently duting exercise than at
rest. This fact is significant to the substantial number of
athletes who complain of exertional upper gastrointestinal
symptoms and exetcise-induced chest pain. The symp-
toms could be cardiac but may be caused by gastro-
oesophageal reflux.

A permanent dectease in the mean LES pressure or
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Fig. 3. The total number of acid reflux (pH <4) episodes for
12 subjects during each session. The single asterisk indicates
p<0.05 compared with base. The double asterisk indicates
p<0.05 compared with walking (MHR, maximal heart rate).

*x
*
-~ 5
c
=
S
5 4]
e
© R
- 3 R
7] o]
R
I e
S s
R
R
< e
S e
L2 e
Y R
) i s
prRsssess
2 s
o o]
R
S e
— IRXRR
R
© st
—_ K %4
S
0 T W 1

Base Walking 40% MHR 70% MHR

Fig. 4. The duration of longest acid reflux (pH <4) for 12 sub-
jects during each session. The single asterisk indicates p<0.05
compared with base. The double asterisk indicates p<0.05
compared with walking (MHR, maximal heart rate).

transient relaxations of the LES can be lead to gastro-
esophageal reflux (13). Once reflux has occured, the
clearance of the refluxate depends both on the esophageal
motot response and the neutralization of acid by saliva
(14). Alchough esophageal modility is believed to play an
impottant role in prevention and clearance of gastro-
esophageal teflux in health and disease, in practice the
interplay of motility of the esophagus and GER during
exersice could, until now not be sufficiently determined.
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We suggest that running immediately after eating in-
duces gastroesophageal reflux in active healthy subjects
as level of exercise intensity increases. This study showed
that exetcise after eating has a profound effect on gastro-
esophageal reflux episodes and esophageal motor activity
in an exetcise intensity dependent mannet.

In previous studies, there has been an emphasis on the
importance of the type of exercise in relation to gastro-
esophgeal reflux. Among them, running followed by
weight exercises,has been regarded as the most likely
cause of gastroesophageal reflux, especially in those in the
fed state rather than those in the fasted state (6). Vigor-
ous exercise such as running induced mote gastroesopha-
geal reflux than one with less body movement such as
cycling (7). They proposed that the type of exetcise was
mote important than its intensity with the respect to the
degtree of reflux induced. Howevet, recent studies have
placed an emphasis on the intensity instead of the types
of exercise. In one study, a profound gastroesophageal
reflux was teported at vety high exercise intensity in-
duced by a bike exercise, at 90% of VO, max (4).

In a previous fasting study, we found that running
exercise had no effect on the relationship between the
intensity of exercise and the induction of gastroesopha-
geal reflux, including no differences at 50% and 70%
maximal heart rates (8). However, it was found in this
study that both the state of feeding and the intensity
of exercise were ctucial factots in inducing gastroesopha-
geal reflux. We assume that gastric distension and in-
creased abdominal ptessure due to eating and increased
exetcise intensity may lead to an impairment of the anti-
reflux bartier such as lower esophageal sphincter. In one
study, it was shown that severe exercise produced a
delayed gastric emptying induced by a dominant sym-
pathetic effect (9), which was supposed to contribute to
gastric distension.

It has been known that there is a positive correlation
between LES pressute and the type of food. One study
showed that individual meal component, such as fat,
influences LES ptessute, but it was not clear whether the
postprandial increase of gastroesophageal reflux resulted
from specific meal composition, meal volume, or both
(10). We assumed that the food composition was one of
the impottant factots affecting esophageal pH, which in
turn influences gastroesophageal reflux. Therefore, we
used carbohydrate food, rice rolls and water, which did
not have any effect on esophageal pH instead of using
foods, such as orange juice, corn flake, milk, and banana,
that were used in other studies (6) and may effect the
esophageal pH.

Even before the introduction of modern ambulatory
manomettical device, thete have been several studies
showing a positive relationship between gastroesophageal
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reflux and exercise in the fed state. They repotted that
the treflux pattern was quantitatively greater in post-
prandially exercised subject than in fasting subject and
that also the rate of transient LES relaxation was in-
creased in the former (11, 12). The transient relaxation
of the LES was suggested as an important mechanism
in spontaneous episodes of gastroesophageal reflux in
normal subjects as well as in patients (13). Also when
LES and upper esophageal sphincter (UES) were mea-
suted befote and after exetcise, it was shown that LES
pressute decreased during sevete exercise without UES
pressure change (1).

These studies were petformed only with conventional
esophageal manometty such as LES and UES pressute
without other current esophageal manometry parameters
such as frequency of contraction, frequency of repetition,
petcent of simultaneous contraction, percent of above
100 mmHg amplitude, frequency of 2-peak contraction,
and pHmetry.

Using ambulatory manometty on exetcise, which is
similar to the one used in our study, one study reported
that as intensity of exetcise gradually increased there was
a progressive decrease of duration, amplitude, and fre-
quency of esophageal contraction and increase of gastro-
esophageal reflux (4, 5). This study showed similar results
as ours that the number of gastroesophageal reflux epi-
sodes and the duration of esophageal acid exposute were
significantly increased at a much higher degtee of exetcise
on bicycle, 90% of VO, max, which is impractical to
achieve for general population. However, out study was
petformed at much lower degree of exercise after eating
on graded treadmill, below 70% MHR which was tolet-
able and practical to general population. Taken togethert,
the data in our study indicated that intense exercise after
eating significantly increased the frequency of peristaltic
contraction and disorganized esophageal motility such as
frequency of repetition, petcent of simultaneous contrac-
tion, petcent of above 100 mmHg amplitude, and fre-
quency of 2-peak contraction as well as enhancement of
gastroesophageal reflux. But the median duration and
amplitude of esophageal contraction was not significantly
different in all experimental conditions. The disorganized
esophageal motility activity along with diminished deglu-
tination tesponse and drying of the mouth wete common
phenomena during intense exercise. These phenomena
might be caused by a small amount of salivary bolus,
which produced lower amplitude, and duration of con-
traction (15). In addition, there was esophageal ischemia
possibly due to a significant decrease of visceral blood
flow duting exetcise, which might be have resulted from
the diversion of blood flow from the splanchnic viscera
to the wotking muscle (16-18). Disorganized esophageal
motility might be due, in patt, to an increase in reflux-
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induced secondaty distal esophageal contractions. This
concept is not supported by results of a study in which
the esophageal motor response in a 2-min period after
the onset of a teflux eposode was evaluated. Only in the
supine petiod was a higher number of post-reflux con-
tractions demonstrated, whereas in the uptight period no
significant differences were found (19).

In conclusion, although enhancement of gastroesopha-
geal reflux duting exercise can be influenced by vatious
factors including gastric distension, and increased abdom-
inal pressure, disorganized esophageal motility may be a
majot factor. The results also indicate that moderate
exercise intensity may not have an effect on esophageal
motility leading to gastroesophageal reflux.
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