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Abstract
Background—Patients
with
gastrooesophageal reflux disease (GORD) frequently report that meals high in fat
worsen heartburn. Nevertheless, studies
to determine whether high fat meals
promote gastro-oesophageal reflux have
produced conflicting and equivocal conclusions.
Patients and methods—To determine, alternatively, whether fat in the small intestinal lumen intensifies the perception of
heartburn, we studied 11 patients with
typical heartburn from GORD. After
being placed on omeprazole to suppress
endogenous acid, these fasting subjects
underwent oesophageal perfusions with
graded doses of HCl at pH values of 1.0,
1.5, 2.0, and 2.5. Oesophageal perfusions
were conducted while the duodenum was
perfused with saline (control) and again
with fat at 8 g/h.
Results—Time to onset, intensity, and
severity of heartburn varied with dose of
oesophageal acid (p<0.01). Time to onset
was significantly (p<0.01) shorter, and
intensity and severity of heartburn significantly (p<0.05) greater, during duodenal
perfusion with fat.
Conclusion—We conclude that duodenal
fat intensifies the perception of heartburn.
(Gut 2001;49:624–628)
Keywords: gastro-oesophageal reflux disease;
heartburn; perception; fat

Patients commonly report that foods high in fat
aggravate heartburn1 but the basis for this
association is poorly understood. While ingested or intestinally perfused fat lowers resting
pressures of the lower oesophageal sphincter
(LOS) in normal subjects,2 3 the degree of lowering is insuYcient to account for an increased
reflux of gastric contents into the oesophagus.
More recently, other investigators4–9 have
sought to determine whether high (versus low)
fat meals increase the frequency of transient
relaxations of the LOS and the frequency of
oesophageal reflux, but the results of these
investigations have been conflicting and generally have not demonstrated that high fat meals
promote reflux.
Fat in the intestinal lumen evokes a variety of
motor and secretory responses that are not
perceived but there is increasing recognition
that luminal fat also alters conscious perceptions: it triggers feelings of fullness (satiety),
intensifies vection induced motion sickness,
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and alters thresholds for and quality of perceptions of gastric distensions.10–13 Experimental
observations indicate14 15 that nutrients trigger
facilitatory pathways for pain by activating a
subset of vagal aVerents that enhance visceral
sensitivity. Therefore, we postulated that fat in
the gastrointestinal lumen may intensify the
perception of heartburn by lowering the
threshold to pain during acidification of the
oesophagus.
We determined in subjects who suVered
from frequent heartburn whether the time to
onset, intensity, and severity of heartburn were
altered during controlled perfusions of acid
into the oesophagus while the duodenum was
simultaneously perfused with fat versus saline
treatment alone (in control tests).
Methods
We studied 11 patient volunteers (nine men,
two women; mean age 48 (range 28–74) years)
who complained of daily typical heartburn.
Patients were excluded if they had a history of
comorbid conditions (such as coronary artery
disease, peptic ulcer disease, Barrett’s oesophagus, or gastric surgery) of if they were receiving medications known to aVect the gastrointestinal tract. Eight of the 11 patients had
previously undergone a 24 hour ambulatory
oesophageal pH study which confirmed abnormal oesophageal reflux (mean per cent of time
below pH 4 was 9.4%; range 6.5–18%); two of
these individuals had endoscopically determined erosive oesophagitis and a ninth subject
had been shown to have erosive oesophagitis
but had never been tested with 24 hour pH
probes. The remaining two subjects had long
histories of classic heartburn that had been
completely relieved by daily omeprazole. Four
of the subjects had grade 1 oesophagitis
(Savary-Miller classification) at the pretest
endoscopy while the other seven had normal
appearing oesophageal mucosa (grade 0).
All subjects gave informed consent and the
study was approved by the human studies
committee at the West Los Angeles VA Medical
Center.
STUDY DESIGN

Our objective was to determine latency to onset
and intensity of heartburn during controlled
standardised acidifications of the oesophagus
with HCl. A previous study16 had established
that heartburn varied in a dose related fashion
during acidifications with diluted HCl over the
Abbreviations used in this paper: GORD,
gastro-oesophageal reflux disease; LOS, lower
oesophageal sphincter.
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STUDY PROTOCOL

After an overnight fast, all subjects underwent
upper gastrointestinal endoscopy on the day
before the test so that we could inspect the
oesophagus, stomach, and duodenum.
Oesophageal mucosal changes were rated
(using the Savary-Miller classification), and
after the inspections, an Enteroflex 8F feeding
tube was passed with endoscopic guidance
through the nose, oesophagus, and stomach
into the second portion of the duodenum. The
tube was then anchored in place by taping its
proximal portion to the nose. Following endoscopy, patients were monitored overnight in
hospital and were again fasted from midnight.
On the next day, we used fluoroscopy to adjust
and/or verify the position of the tip of the
Enteroflex tube in the second portion of the
duodenum.
The next day, subjects were studied while
seated upright in a chair. Infusion reservoirs
and pumps were placed behind the subjects
and solutions were infused through opacified
tubes so that subjects were unaware of what
solutions they were receiving. Thirty minutes
prior to the testing, we started perfusing the
duodenum via the Enteroflex tube at a rate of
40 ml/h with either 0.075 M saline (control) or
20% Intralipid. Half of the patients received
saline first and the other half received Intralipid
first. After 30 minutes of perfusion, we began
to infuse doses of HCl via a separate nasal
oesophageal tube positioned with its tip at the
mid oesophagus. We infused four doses of HCl
(corresponding to pH values of 1.0, 1.5, 2.0,
and 2.5) at a rate of 7 ml/min. Each dose was
infused for five minutes and was followed by a
five minute period of no infusion before the
next dose was given. The four doses of acid
were administered in random order. If symptoms persisted for three minutes or more after
discontinuing the previous dose, 5 ml of water
were infused every two minutes until symptoms resolved before the next dose of acid was
given.
After completion of the initial oesophageal
perfusions, subjects were given a 90 minute rest
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period during which oesophageal and duodenal perfusions were stopped and subjects were
allowed to ambulate ad libitum. At the end of
the 90 minute rest period, duodenal perfusion
was again started (with saline, if the earlier perfusion had been fat; with fat, if the earlier perfusion had been saline) and 30 minutes later
the subject was again tested with the four doses
of oesophageal HCl, exactly as previously (in
the same order in which the subject had
received them earlier). Subjects could not
observe and did not know whether they were
receiving duodenal saline or Intralipid.
STUDY ASSESSMENTS

Responses to acidification were quantified by
three parameters previously utilised by others19: time to onset of heartburn, intensity of
heartburn,
and
overall
severity
(intensity×duration). Time to onset was the
time (in seconds) to initial perception of typical
heartburn. Subjects were instructed to push a
button as soon as they noted heartburn, and
the pushed button recorded the time of onset
on a computer. For subsequent statistical
analyses, one second was added to the 300 seconds of acid perfusion if the subject did not
experience heartburn during the 300 seconds
of exposure to acid. Intensity of typical
heartburn was determined with a visual
analogue scale. Subjects were instructed to rate
the intensity of heartburn at the end of the 300
second period of acid perfusion by marking the
line on the scale (0 mm, no heartburn; 20 mm,
extremely intense heartburn). Severity was calculated as the product of duration×intensity.
Duration was determined as 300 seconds
minus
seconds
to
onset.
Thus
severity=duration×intensity at the end of 300
seconds of acid perfusion. Subjects were also
asked to indicate the presence or absence of
other gastrointestinal symptoms from a list
which included nausea, bloating, fullness, gas,
pressure, regurgitation, chest discomfort, and
chest pain.
STATISTICAL ANALYSES

The data were bimodal, with seven of the 11
subjects being very sensitive to perfused acid
and the other four being much less sensitive.
Two methods were used to assess these
non-parametric data.
Times to onset were ranked (for example,
shortest time to onset was given a rank of 1;
longest time, a rank of 8) across all eight
perfusions (that is, at the four pH values each
during fat and saline duodenal perfusions). If
times to onset were the same for two (or more)
perfusions, they were given a fractional rank
(for example, if two perfusions had the same
but second shortest onset, they were each
ranked equally at 2.5; the next shortest onset
was given a rank score of 4.0). A one group
repeated measures ANOVA was then performed on these rank scores and tested for a fat
eVect and a pH eVect. Two of the 11 subjects
(see below) did not complete the oesophageal
perfusions at pH 1.0 during either duodenal fat
or saline instillations. These missing values
were filled in with rank scores of 1.5.
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pH range 1.0–3.0 (that is, over a concentration
of HCl of 0.1–0.001 M). Therefore, we studied
perceptions of heartburn during five minute
infusions of HCl at pH 1.0, 1.5, 2.0, and 2.5.
To determine how intraduodenal fat might
aVect dose responsive heartburn, we simultaneously perfused the duodenum at 40 ml/h
with emulsified fat (20% Intralipid) versus
saline (control). The speed of gastric emptying
(or duodenal entry) of dietary fat varies with
the amount of fat ingested.17 Our selected duodenal load of fat (8 g/h) was less than the maximal first hour rate (12 g/h) of gastric emptying
of dietary oil previously observed in normal
subjects and approximated the first hour rate of
duodenal entry of fat after a meal which might
contain 40 g of fat.17 18 To minimise reflux of
endogenous gastric acid into the oesophagus
and thus to ensure that oesophageal acidification was controlled by our perfusions, we gave
all subjects omeprazole 20 mg twice daily for
two days prior to the test.
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Results
Oesophageal perfusions at all four pH values
during both duodenal fat and duodenal saline
were completed in nine of the 11 subjects. The
other two subjects developed severe heartburn
and nausea during their initial oesophageal
perfusion at pH 1 and therefore the first test at
pH 1 was terminated. Neither subject would
allow the second perfusion at pH 1 but both
completed the other six oesophageal perfusions. Of a total of 86 oesophageal perfusions, 15 were associated with nausea
7
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Figure 1 (A) Rank orders (mean (SEM) on a scale of 1–8) for times of onset of
heartburn in the 11 subjects during duodenal perfusions with fat versus saline while the
oesophagus was perfused with HCl at each of the four pH values (1.0, 1.5, 2.0, and 2.5).
Ranks of 1.5 were assigned for oesophageal perfusions at pH 1.0 that were missing in two of
the subjects (see text). (B–D) Mean (SEM) values for the 11 subjects during duodenal
perfusions with fat versus saline while the oesophagus was perfused with HCl at each of four
pH values. There are missing data for two of the 11 subjects when the oesophagus was
perfused at pH 1.0 during duodenal instillations of fat and saline. (B) Time (seconds) to
onset of heartburn (limits 0–301 seconds). (C) Perceived intensity of heartburn (mm on an
analogue scale; limits 0–20 mm). (D) Severity of heartburn (duration×intensity; limits
0–6000 mm-second).
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(including the terminated tests in the two
above subjects). All but four of these 15
episodes of nausea were encountered during
oesophageal perfusions at a pH value 1.0 or
1.5. Seven of the 15 episodes of nausea arose
during duodenal instillations of saline
As previously observed,16 there was dose
related heartburn as infused HCl was varied
from pH 1.0 to pH 2.5 (fig 1). Repeated measures ANOVA showed a significant (p<0.01)
pH eVect, with significant linear, quadratic,
and cubic correlations between time of onset
and oesophageal infusion pH. Both the intensity and severity of heartburn also varied with
pH (fig 1).
Repeated measures ANOVA confirmed that
duodenal fat (v saline) significantly (p<0.01)
shortened the time to onset of heartburn (fig
1A). DiVerences in time to onset were
significant at the <0.01 level whether the
analysis was confined to the nine subjects who
completed all tests or whether the analyses
included the two other subjects with filled in
rank scores of 1.5 for the missing data at
oesophageal pH 1.0.
Similarly (fig 1B), a paired t test of the ln
transformed sums of onsets across the four pH
values confirmed a significantly (p<0.01)
shorter time to onset for the four oesophageal
pH values when the duodenum was perfused
with fat (v saline) in the nine subjects who
completed all tests. Both intensity (fig 1C) and
severity (fig 1D) of heartburn were significantly
(p<0.05) greater during duodenal fat than
during duodenal perfusion with saline in the
nine subjects who completed the full protocol.
Discussion
How fatty meals intensify heartburn in subjects
who suVer from pyrosis is poorly understood.
Authors of six studies4–9 have pursued the
hypothesis that high dietary fat may increase
the frequency of transitory relaxations of the
LOS and/or gastro-oesophageal reflux but
despite these multiple attempts, this idea has
not been established.20 Two of the studies5 6
were flawed by poor designs. Castiglione and
colleagues5 found more oesophageal reflux in
normal subjects after a very high fat (72 g)
meal than after a moderately high fat (32 g)
meal but because the high fat meal also
contained chocolate that was not present in the
lower fat meal, was much more caloric, and
because they studied reflux at a diVerent time
of day and during longer recumbency after the
high fat meal, the results cannot be attributed
solely to the eVects of high fat. Iwakiri and colleagues6 found more oesophageal reflux in
recumbent (but not upright) normal subjects
after a high fat (70%) versus low fat (16%) liquid meal but again this observation was
confounded by diVerences in caloric contents
of the two meals and by failure to randomise
the test sequences. The well designed study of
Becker and colleagues4 did not have these flaws
but the results were peculiar: subjects with frequent heartburn had more gastro-oesophageal
reflux than control subjects but no increase in
reflux after a high fat (40 g) meal (compared
with an isocaloric low fat (11 g) meal) whether
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In the second method, ln transformations
were used to determine whether the doseresponse during duodenal fat diVered from the
dose-response during duodenal saline. In each
subject, scores across all four pH values during
duodenal fat were summed, as were the corresponding scores during duodenal perfusions
with saline. The ln of individual sums (fat v
saline) were then compared in each subject by
paired t tests. Times to onset were computed as
301 seconds in this second method if subjects
experienced no heartburn during the 300 seconds of observation.
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does not appear to depend on stimulation of
sensors in the gut wall.24
The small intestine is innervated with
aVerent nerves that discharge when fatty acids
are present in the intestinal lumen.25 Subsets of
vagal aVerent fibres have been implicated in the
activation of both pain facilitating pathways
and pain inhibitory pathways13 14 and recent
observations implicate coeliac vagal aVerents as
part of a tonic pain inhibitory system. The
eVect of duodenal fat on the perception of fullness or nausea during gastric distensions
appears to be mediated by serotonergic26 and
peptidergic nerves which bear cholesystokinin
A receptors27 but whether similar nervous
pathways are involved in the intensification of
heartburn by duodenal fat is unknown. It also
remains to be determined whether intraduodenal fat activates the pain facilitatory pathways
or deactivates the pain inhibitory pathways to
intensify heartburn.
In summary, we found that duodenally
infused fat significantly shortened latency to
onset of heartburn and intensified the perception of acid induced heartburn in patients with
GORD. These findings are consistent with a
variety of recent observations that intraluminal
nutrients modulate sensitivities of perceptions
from the upper gastrointestinal tract.
This study was supported by funds from AstraZeneca R&D,
Sweden, and was carried out in the facilities of the Department
of Veterans AVairs Medical Center, West Los Angeles, California, USA.
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recumbent or upright whereas in asymptomatic control subjects the high fat meal
increased reflux when subjects were upright
but not when they were recumbent. Penagini
and colleagues8 found that a high fat (44 g)
meal did not evoke more reflux than a low fat
(20 g) meal in either subjects with heartburn or
asymptomatic controls. Similarly, Pehl and
colleagues9 failed to observe more reflux in
asymptomatic subjects after a high fat (50 g)
meal compared with a low fat (10 g) meal.
Holloway and colleagues7 observed slightly
more gastro-oesophageal reflux in GORD
patients (but not asymptomatic controls) in the
right lateral decubitus position when the
duodenum was perfused with 10% Intralipid (v
saline) at a duodenal load of 6 g/h of fat.
The failure of Paginini et al and Pehl et al to
confirm fat induced reflux, the large standard
errors in several of the studies, the poor designs
in some, and the inconsistent pattern of Becker’s findings (fat induced reflux only in normal
subjects) led Pehl and colleagues9 to conclude
that the few positive findings among these
reports were the result of type II errors. Rejecting the reflux hypothesis (because of inconsistent results), Peganini et al, on the other hand,
considered the alternative that fat in the small
intestine might enhance the perception of
heartburn without actually intensifying the
exciting stimulus of acid reflux.8
Until now, the alternative hypothesis has
never been tested but our results strongly support this idea. Under the uniform stimuli of
controlled acidifications of the oesophagus
across the range of dose-responses, physiological loads of duodenal fat shortened the latency
to onset of typical heartburn and increased the
intensity and severity of heartburn in subjects
who had GORD. The load of duodenal fat that
we selected was less than the maximal loads
that normally enter the duodenum during the
first hour of a high fat meal17 and would be
about equal to loads entering in the first hour
after a meal that might contain 40 g of fat.17 18
Our subjects experienced nausea about as
often during duodenal perfusion with saline as
during perfusions with fat, and under either
condition nausea was more common during
oesophageal perfusions with HCl at lower pH
values. These observations suggest that nausea
was related to oesophageal infusion of HCl and
not duodenal infusions of fat. Thus worsening
of perceived heartburn by duodenal fat appeared to be a physiological eVect of a fat load
that was otherwise well tolerated.
Fat in the intestinal lumen is increasingly
recognised to alter sensations that originate
from the gastrointestinal tract.10–13 Fat enhances the perception of fullness (satiety), a
response that originates largely at the level of
the gut wall.10 21–23 Intraduodenal fat intensifies
the feeling of nausea associated with vection
induced motion sickness.11 Duodenally perfused fat also altered the discomfort threshold
during gastric distensions with a balloon and
changed the quality of sensation.12 13 In addition to these eVects on visceral sensation,
ingestion of fat has been shown to decrease
sensitivity to cutaneous pain but this last eVect
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