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Abstract

AIM

To investigate the effect of dietary fiber on symptoms
and esophageal function testing parameters in non-
erosive gastroesophageal reflux disease (GERD) (NERD)
patients.

METHODS
Thirty-six NERD patients with low (< 20 g/d) dietary fiber
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intake were enrolled in the study. They were examined
with the use of symptom questionnaire (GERD-Q), high-
resolution esophageal manometry, 24-h esophageal pH-
impedance examinations, and food frequency question-
naire before and after 10 d of usual diet supplemented
by psyllium 5.0 g TID. Complete data of 30 patients
were available to the final analysis. The obtained results
were analyzed with the use of non-parametric statistics
(Wilcoxon matched pairs test).

RESULTS

The number of patients experiencing heartburn was
less (93.3% at baseline vs 40% at the end of the study,
P < 0.001) and the GERD-Q score decreased (mean
+ SD: 109 + 1.7 15 6.0 £ 2.3, P < 0.001) after the
treatment period. Minimal resting lower esophageal
sphincter (LES) pressure increased from 5.41 + 10.1
to 11.3 £ 9.4 mmHg (P = 0.023), but no change in
residual LES pressure and mean resting pressure was
found. Total number of gastroesophageal refluxes (GER)
decreased from 67.9 + 17.7 to 42.4 £+ 13.5 (P < 0.001)
predominantly by acid and weak acid types of GERs. No
significant change in mean esophageal pH and % of time
pH < 4 was registered. Maximal reflux time decreased
from 10.6 £ 12.0 min to 5.3 £ 3.7 min (P < 0.05).

CONCLUSION

Fiber-enriched diet led to a significant increase of
minimal lower esophageal sphincter resting pressure, a
decrease of number of gastroesophageal refluxes, and
a decrease of heartburn frequency per week in NERD.

Key words: Gastroesophageal reflux disease; Psyllium;
Gastroesophageal reflux; Lower esophageal sphincter
relaxation; Esophageal motility; Dietary fiber; Heartburn;
Non-erosive gastroesophageal reflux disease

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Low dietary fiber intake is associated with
decreased stomach and gut motility and delayed
gastric emptying, which may contribute to the risk of
gastroesophageal reflux and gastroesophageal reflux
disease (GERD) symptom frequency. The ability of
dietary fibers to bind nitric oxide contained in food
may diminish its negative effect on lower esophageal
sphincter pressure. Our study is the first prospective
trial demonstrating that increasing dietary fiber intake
results in an increase of minimal esophageal resting
pressure, a decrease in the number of gastroesophageal
refluxes, and a decrease in heartburn episodes per
week in patients with non-erosive GERD.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common
condition that is characterized by reflux of gastric
content into the esophagus and is associated with
symptom-related quality of life decrease and numerous
complications**. Impaired gastroesophageal motility
with an increased number of transient lower esophageal
sphincter relaxations (TLESR), acidification of the
esophagus, and low esophageal clearance are considered
to be the most important factors in the pathogenesis
of GERD™*71, Current treatment of GERD includes
lifestyle modification, antisecretory drug use, and anti-
reflux surgery®®. While healing of reflux esophagitis
requires profound suppression of gastric acid secretion
and long-term use of maintenance treatment with
proton pump inhibitors (PPIs), patients with non-erosive
GERD (NERD) may also benefit from other treatment
options, like lifestyle or diet modification™. Dietary fiber
supplementation may be one of the nutrients used for
usual diet modification in GERD patients. It was shown
that decreased stomach and gut motility, prolonged
period of gastric content evacuation, and gastric over-
distension associated with low dietary fiber intake
and low fiber consumption may play a crucial role in
formation of hiatal hernia, which negatively interferes
with anti-reflux barrier™ ', Increased intragastric
pressure and decreased motility are also established risk
factors of gastroesophageal reflux*??, The beneficial
effect of dietary fiber on esophageal motility in GERD
patients is also assumed to be mediated through its
ability to bind nitric oxide contained in food and diminish
its negative influence on lower esophageal sphincter
(LES) pressure!®?4, It was demonstrated that some of
the dietary fibers may affect not only the rate of gastric
emptying but also decrease gastric acidity, making the
number of gastroesophageal refluxes lower and reducing
their damaging capacity®’.

There is no direct evidence to date on the positive
influence of dietary fiber on GERD. Therefore, the
aim of the present study was to evaluate the effect
of dietary fiber on the presence of gastroesophageal
reflux, esophageal acidity, lower esophageal sphincter
pressure, and clinical manifestations of non-erosive
gastroesophageal reflux disease in patients with low
dietary fiber intake.

MATERIALS AND METHODS

This single-center open-label prospective study was
performed from 2012 to 2016 at the Department of
Gastroenterology and Hepatology of Federal Research
Center of Nutrition and Biotechnology according to Good
Clinical Practice guidelines, the Declaration of Helsinki
(1996). Study design, protocol and patients’ informed
consent form were approved by the Institute of Nutrition
IRB (Moscow, Russia). This study was registered on the
ClinicalTrials.gov website (NCT01882088).
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Enroliment criteria

Enrolliment criteria were: willingness to participate in the
study (signed informed consent); clinical diagnosis of
NERD; dietary fiber deficiency confirmed by validated
dietary questionnaire; and pathological gastroesophageal
reflux by 24-h esophageal pH-impedance. Exclusion
criteria were as follows: antisecretory (PPI, Hz-histamine
receptor blockers) drug use 14 d before day 0, concomi-
tant medications including nitrates, beta-adrenergic
blocking agents, calcium channels blockers, and any of
the hormones (topic steroids for less than 14 d before
enrollment were allowed), inability to perform any of the
diagnostic procedures required by the study protocol,
allergy to psyllium, previous abdominal surgery, and
general condition of the patient not allowing to participate
in the study by the opinion of the investigator.

Diagnosis of non-erosive form of GERD

Step 1: The presence of GERD symptoms, their
severity and frequency were evaluated by certified
gastroenterologists. The primary selection criteria for
GERD patients was the presence of heartburn and
acid regurgitation for at least 2 times a week. These
symptoms were verified with a language-specific
version of the international GERD-Q questionnaire!®.
Symptom score of 8 points or higher was considered a
positive for the presence of GERD. All patients included
in the study had a history of heartburn for more than 6
mo and a previous response to acid suppressive therapy
(either PPIs or H2-hystamine receptor blockers). We did
our best to exclude other reasons that would mask the
disease (i.e., excluded the use of medication known
to affect esophageal motility and sensing; excluded
functional heartburn, etc.).

Step 2: Endoscopy studies were performed using Exera
IT CV-180 panendoscope (Olympus Ltd, Osaka, Japan).
Absence of esophageal erosions and positive results on
the GERD-Q questionnaire were necessary to proceed
with further examination.

High-resolution esophageal manometry (HRM). HRM
studies were performed using a solid-state 36 channel
10Fr catheter (UniTip, Unisensor AG, Portsmouth, NH,
United States) inserted transnasally from the pharynx to
the stomach after fasting. After the patients were allowed
time to adapt to the catheter placement, they were
usually given 10 liquid swallows of 5 mL water. Standard
software was used to analyze the obtained results (Solar
GI, MMS, Enschede, the Netherlands)®*%, Mean and
minimal resting pressure of lower esophageal sphincter
pressure at rest and after 10 swallows of water, residual
pressure and percent of relaxation, and their change
after the course of treatment were recorded. Any type of
achalasia or signs of major motility disorders by Chicago
classification v 3.0%% were exclusion criteria.

Step 3: Twenty-four h esophageal pH-impedance.
Twenty-four h esophageal pH-impedance studies were
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made with the use of Ohmega equipment (MMS,
Enschede, the Netherlands) and 2pH-6 impedance
channels catheters (UniTip). The studies were performed
by the standard technique™ . Catheters were inserted
transnasally and located with esophageal pH electrode
5 cm above the upper border of the lower esophageal
sphincter, as defined by high resolution manometry.
Patients were instructed to press the event marker button
on the pH data logger to mark their meal times (then
excluded from the analysis), body posture, symptom
occurrence, and drug intake. These events together with
time of onset were also marked by the patients into the
paper diary to exclude mistakes. Patients were encouraged
to maintain their normal daily activities throughout the
measurement and to continue their regular diet. Manual
review of the tracings was performed by experienced
operators. Reflux episodes were defined as a decrease
from baseline of more than 50% impedance moving from
the distal to the proximal extent.

Step 4: Dietary intake of energy and macro- and
micronutrients were determined using a validated PC-
based Food Frequency Questionnaire (FFQ-1.0, Institute
of Nutrition, Moscow, Russia). Dietary fiber intake
deficiency was established when daily fiber intake was
less than 20 g/d.

If the presence of NERD by endoscopy and GERD-Q
questionnaire and low dietary fiber intake were
confirmed, eligible subjects were examined with the
use of high-resolution esophageal manometry and 24-h
esophageal pH-impedance. Presence of pathological
gastroesophageal reflux by esophageal pH-impedance
studies, positive symptom index, symptom association
probability, and symptom sensitivity indexes were
necessary to proceed to the dietary intervention phase.

Dietary intervention

Patients were provided with psyllium (Mucofalk®, Dr.
Falk PharmaGmbH, Germany) in sachets by 5.0 g and
were instructed to use it three times a day (15 g per
day that is an equivalent of 12.5 g of soluble dietary
fiber). Psyllium was used in accordance with the
manufacturer’s recommendations: the content of the
sachet was mixed with at least 150 mL of water, and
the resulting suspension was taken as soon as possible,
followed by an additional drink of liquid (1 cup). Besides
psyllium supplementation, patients were advised to
follow their usual diet. Formal interview on compliance
with the study drug was performed at the end of the
study and the number of used and unused sachets
brought by the patient was counted.

No PPIs, H2-hystamine receptors blockers, or
prokinetics were allowed during the study. Antacid use
was allowed when needed. It was recommended to use
hydrotalcit 0.5 g (Rutacid, KRKA, Slovenia) no more than
four times a day after meal. Patients were instructed to
chew the tablet and then swallow it. Patients were asked
to note the presence of heartburn, acid regurgitation and
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Table 1 Study population

Population characteristics Result
Total subjects in the study, n 30
Male/Female, n 18/12

Ethnic characteristic Non-Hispanic

Caucasians 100%

Age, yr, mean + SD 34.7+93
BMI, kg/m”, mean + SD 26.7 £6.9
Weight, kg, mean + SD 825+17.9
Waist/hip ratio, mean + SD 0.91 +0.08
Smoking, yes, 1 (%) 6 (20)
Alcohol use, yes, n (%) 14 (46.7)
Alcohol, g/d, mean + SD 11+£1.7
Dietary fiber intake, g/d, mean + SD 6.0+23
Hiatal hernia

Presence, 11 (%) 16 (53.3)

Size, cm, mean + SD 09+0.5
Esophageal motility disorders per Chicago 3.0

Ineffective esophageal motility, 1 (%) 14 (46.7)

Fragmented peristalsis, 1 (%) 9 (30.0)

Normal, 7 (%) 7(23.3)
Mean stool frequency per week, mean + SD 70+£20

BMI: Body mass index.

stool frequency during the treatment period.

Design of the study is shown on the Figure 1.
Repeated 24-h esophageal pH-impedance, high
resolution esophageal manometry, GERD-Q, and food
frequency questionnaires were performed on the 10"
day of treatment (end of treatment).

Main studied outcomes were GERD symptom
presence during last 7 d, changes in the total GERD-Q
score, number of reflux episodes (GER), their acidity
and duration; lower esophageal sphincter (LES) mean
resting pressure, minimal LES resting pressure, residual
LES pressure, and percent of relaxation.

Statistical analysis

The obtained data were analyzed using standard
software (Statistica 10, StatSoft Inc., United States).
Wilcoxon matched pairs test of non-parametric module
was used to assess changes of the studied parameters
after the course of fiber supplementation in comparison
to baseline. A P value of 0.05 was considered statistically
significant.

Sample size calculation and power analysis. No similar
studies were found in the literature to acquire data on the
effect of psyllium on GERD symptoms and esophageal
HRM and pH-impedance. We hypothesized that the
main effect of the intervention would be a decrease in
heartburn frequency. Our previous studies showed that
GERD-Q score in the NERD patients group was (mean +
SD) 10.0 £ 1.5. To calculate sample size, we assumed
that psyllium supplementation decrease GERD-Q score
to 'normal' values (i.e., less than 8) and choose a value
of 7. Sample size calculation was performed using 1-Way
ANOVAPY., Effect size calculation was performed for every
comparison. Value of size effect less than 0.2 indicated a
small effect, 0.5 indicated a medium-sized effect, and 0.8
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or higher indicated a large-size effect.

RESULTS

Thirty-six patients were enrolled in the study, and com-
plete data from 30 were included in the final analysis
(Table 1). One patient withdrew informed consent
before day 0, and another patient was excluded due to
non-compliance. One of the enrolled patients could not
tolerate esophageal manometry, and in one case, there
was no possibility to place the catheter due to narrow
nasal passages and a deviated nasal septum. Migration
of the pH-impedance probe was found in two patients
during repeated examination. The data of mentioned
these six patients were excluded from the final analysis
(Figure 2).

Complete resolution of heartburn (i.e., absence of
the symptom during 7 consecutive days) was found in
18 of the 30 participants (60%) at the end-point (P =
0.0004) (Table 2). GERD-Q score decrease from (mean
+ SD) 10.9 £ 1.7 at the baseline to 6.0 + 2.3 at the
end of treatment period (P < 0.001) (Table 2).

Mean lower esophageal sphincter resting pressure
increased, but it did not reach statistical significance
(mean £ SD: 22.6 £ 9.4 mm Hg vs 25.6 £ 11.8 mm
Hg; P = 0.47). In the majority of patients, minimal
resting pressure at rest as well as during functional tests
with 10 water swallows was significantly decreased by
the end of the study compared to the baseline (Table 2).
No influence of the treatment on residual pressure and
proportion of relaxation were found during the study.

The number of all but non-acid GERs significantly
decreased (Table 2), resulting in a significant shortening
of maximal reflux time (mean £ SD, 10.6 £ 12.0 at
baseline to 5.3 + 3.7 minutes at the end of treatment, P
= 0.017). However, no significant changes in the mean
esophageal pH and proportion of time with pH < 4 in
the lower esophagus were found during the study.

Dietary fiber supplementation was well tolerated. No
serious adverse event was registered during the study.
Because of the primary indication of psyllium (laxative),
significant increase in bowel movements was expected,
but it was not necessary to withdraw treatment due to
severe diarrhea (stool frequency per week, mean £ SD
7 £ 2 at baseline vs 8 + 3 at the end of the treatment
period, P = 0.00002).

Antacid use was registered in two out of 30 patients,
and the number of taken tablets did not exceed the
allowed maximum per day.

DISCUSSION

In this open-label prospective study, we demonstrated
for the first time that intake of dietary fibers increases
LES minimal resting pressure and decreases the number
of acid, weakly-acid, and total refluxes. It was associated
also with twice as low frequency of heartburn and
GERD-Q score in patients with NERD. The effect of dietary
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Table 2 Results of the study

Baseline EOT P value

Symptoms’ characteristics

Presence of heartburn during 7 d, % of patients 93.3 40 0.000438

GERD-Q score, mean + SD 109+1.7 6.0+23 0.000003
High resolution esophageal manometry (lower esophageal sphincter function)
At rest, mean + SD

Mean resting pressure, mmHg 22.0+94 26.5+11.3 0.37

Minimal resting pressure, mmHg 541+10.1 11.3+94 0.023
Average, after 10 swallows of water, mean + SD

Mean resting pressure, mmHg 205+95 22.0+10.3 0.11

Minimal resting pressure, mmHg 14.1+£8.0 149+ 64 0.008

Residual pressure, mmHg 75+6.1 70+54 0.94

% Relaxation 49.7 +15.0 51.3+19 0.3
Esophageal 24-hrs pH-impedance, mean + SD

Number of refluxes 67.9+17.7 42.4+135 0.000002

Number of acid refluxes 43.2+14.7 30.3+15.3 0.002415

Number of weak acid refluxes 239+11.7 11.3 £8.27 0.000016

Number of non-acid refluxes 07+1.1 0.6+1.7 0.34

Mean pH 59+0.8 57+09 0.06

% time pH < 4 5.6+4.8 5.5+ 757 0.20

Maximal reflux time, min 10.6 +12 53+3.7 0.017

Number of high gastroesophageal refluxes (17 cm above LES), mean + SD 231492 122+6.6 0.000004
Gastric acid exposure

Mean pH, mean + SD 1.2+0.29 1.3+0.36 0.35

EOT: End of treatment period; LES: Lower esophageal sphincter.

interventions on the symptoms of gastroesophageal
reflux disease is poorly studied. Available data are based
predominantly on epidemiological studies. In the HUNT
study in a Swedish population there was a negative
correlation between coffee intake and reflux symptoms,
with an approximate 40% decrease in risk among people
who drank more than seven cups of coffee per day
compared to those who drank less than one cup (OR =
0.6; 95%CI: 0.4-0.7)P. Also, a moderate and dose-
dependent association between increasing frequency of
meals of salted fish or meat and reflux symptoms was
observed (P value for linear trend = 0.0007). The risk
of reflux among people who ate salted food three times
per week or more was higher by 50% compared with
those who never ate salted food (OR = 1.5; 95%CI:
1.2-1.8). With increasing dietary fiber content in the
predominantly consumed bread type (HUNT 2; cross
sectional data), the risk of reflux significantly decreased
(P value for linear trend, 0.0001). People who preferred
to eat bread with 7% dry weight of dietary fibers or
more had an approximately halved risk of having reflux
symptoms compared with those who predominantly
ate white, low fiber (1%-2%) content bread (OR = 0.5;
95%CI: 0.4-0.7)",

In a cross-sectional study by El-Serag et al®®, a
non-significant trend for higher total caloric (energy)
intake and lower fiber intake among persons with
GERD symptoms was found. There was a dose-response
relationship between GERD symptoms and total energy
(calories per day) (P = 0.06), saturated fat (P = 0.04),
cholesterol (P = 0.03), and fat servings (P = 0.06)
intake. Specifically, saturated fat intake was positively
associated with an increased risk of GERD symptoms.
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The authors noted that dietary fiber intake remained
inversely associated with the risk of GERD symptoms in
fully adjusted models, while associations between the
other nutrients and GERD symptoms were not altered
in direction or magnitude of the effect after adjusting
for BMI, energy consumption, or demographics™®.
Surprisingly, despite solid epidemiological evidence of
the possible protective effects of dietary fibers on GERD
symptoms and risks of esophageal adenocarcinoma
development®***”2® interventional studies supporting
the effect of diet modification on esophageal function
are still scarce, and we did not find any in which dietary
fiber was used.

Assessment of nutritional factors affecting the
presence of GERD symptoms showed that low dietary
fiber intake is one of the typical features of GERD
patients’ diet®®*?), Inverse medium strength correlation
was found between dietary fiber intake and the presence
of GERD (Spearman rank R = -0.26, P < 0.05)"”,

The significant influence of dietary fiber on esophageal
motility and especially LES function in NERD patients
was found in our study (Table 2). The function of LES
after different meals was also studied by Sun et af*! in
eight GERD patients during the 2 h after a standard and
fatty test meal. Increase in TLESRs was found after any
test meal, but a decrease in resting pressure of LES was
found only after the fatty meal, which was also associated
with increased numbers of reflux episodes and percent of
time with pH < 4. It was concluded that the combination
of a decrease in LES pressure and TLESR is a major
event that resulted in more severe and prolonged
refluxes in GERD patients. These data correspond with
the results of our study. Significant increase in minimal
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Single-center, open-label, prospective study (NCT01882088)

-14d 0d

Usual diet + psyllium” 15.0 g/d

10d

Presence of heartburn and acid regurgitation
= 2 times a week

GERD-Q score = 8

Esophagogastroscopy
(absence of esophageal mucosal breaks)

High-resolution esophageal manometry
24-h esophageal pH-impedance

Food frequency questionnaire
Dietary fiber < 20 g/d

Inclusion/exclusion criteria evaluation

Excl:

Concomitant medication (PPI, H2-blockers,
nitrates, Ca channel blockers, hormones etc);
Abdominal surgery;

Allergy to psyllium, etc

GERD-Q questionnaire
High-resolution esophageal
manometry

24-h esophageal pH-impedance
Food frequency questionnaire

*Psyllium (Mucofalk®, Dr. Falk Pharma GmbH, Germany) 5.0 TID

No PPIs and prokinetics allowed. Antacids allowed when needed.

Figure 1 Design of the study. PPI: Proton pump inhibitor.

resting pressure of LES was found in our patients after
treatment with dietary fibers, but there were no changes
in percent of LES relaxation. Therefore, at least one
component of anti-reflux barrier (LES pressure) was
partly restored and, accordingly, the number of refluxes
of all types has to be decreased, which was shown in our
study (Table 2).

In this study, increased intake of dietary fiber signi-
ficantly impacted the total number of refluxes and
especially acid refluxes, according to the results of
24-h esophageal pH-impedance. The effect of different
diets on esophageal acid exposure was assessed in
a few studies. In one cross-over study, it was shown
that esophageal acid exposure was greater during
the high-calorie than low-calorie diet (mean, 8.6% %
2.0% vs 5.2% =+ 1.4% time pH < 4/24 h; P < .01). No
difference was observed between the high-fat and low-
fat diets [mean, 8.6% % 2.0% vs 8.2% * 1.6% time
pH < 4/24 h; P = non-significant (NS)]. In contrast,
the frequency of reflux symptoms was not affected
by calorie density (median, 6; range, 2-12 vs median,
8; range, 2-13; P = NS) but was increased by high-
fat content (median, 11; range, 5-18 vs median, 6;
range, 2-12; P < 0.05)"%. The effect of carbohydrate
quote reduction (to < 20 g of carbohydrates a day)
on esophageal acid exposure and symptoms of GERD
within 1 week (3 to 6 d) was assessed in a prospective
study. After the start of intervention, the percentage
of time with pH < 4 decreased from 5.1% to 2.5% (P
= 0.022), and Johnson-DeMeester score significantly
reduced (mean = SE of 34.7 £ 10.1 before the diet
vs 14.0 £ 3.7 after initiating the diet; P = 0.023)*%,
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The mean GERD Symptom Assessment Scale-Distress
Subscale (GSAS-ds) score decreased from 1.28 to 0.72
(P = 0.0004), and, specifically, the severity score of the
symptom “heartburn or burning pain inside the chest
or breast bone” improved from 1.88 £ 0.23 prior to the
diet to 0.88 = 0.23 following initiation of the diet (P =
0.019). Unfortunately, only eight subjects of the same
sex were enrolled in the study, and no data regarding
the actual diet and amount of dietary fiber were
provided by the authors.

The dose of the dietary fiber used in the study
was chosen based on the on-label information, ethical
considerations, safety reasons, and the need for dose
standardization. The enrolled patients had very low basal
dietary fiber intake (approximately 6.0 g/d, Table 1),
therefore, supplementation with 12.5 g of soluble fiber
a day during the study drew near the recommended
daily allowance, according to national Russian guidelines
(20 g/d)*. This dose of dietary fiber was far from that
dose recommended in the United States (14 g/1000
kcal/d, using the energy guideline of 2000 kcal/d for
women and 2600 kcal/d for men, the recommended
daily dietary fiber intake is 28 g/d for women and 36
g/d for men)*!, This difference may partly explain why
the mean lower esophageal sphincter resting pressure
increase did not reach statistical significance (Table 2).
The effects of dietary fiber on GERD symptoms seen
in epidemiological studies were dose-dependent, i.e.
higher dose of consumed dietary fiber was associated
with a lower risk of heartburn®. Efficacy and safety
of higher dietary fiber doses in GERD patients need to
be studied in a specially designed dose escalating trial.
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Assessed for eligibility, 7 = 36

Withdrew consent, 7 = 1

Enrolled, n = 35

Intolerance of high-resolution
esophageal manomentry, n = 2

Low compliance to treatment, 7 = 1

Excluded-2 (inadequate repeated pH-impedance recording)
Complete data to analyze n = 30

Figure 2 Patients screening and recruitment chart.

Since the recommended daily allowances differ around
the world, it seems reasonable to confirm the obtained
results in countries with different dietary habits.

Psyllium was chosen for the dietary intervention
because the mentioned preparation is the only dietary
fiber approved as a drug in Russia. The amount of
dietary fiber in the drug is controlled, in contrast to
food supplements were the quantity of psyllium may
somewhat differ. According to the aim of the study,
we needed to guarantee the amount of dietary fiber
consumed to ensure the validity of the results.

The means of supplementation may also play an
important role. A healthy diet is more readily accepted
by patients than regular intake of drugs or food
supplements*®*”), However, in that case, the actual
amount of the fiber consumed is more difficult to control.

The performed study has a number of limitations
that were predictable at the phase of planning. For
example, no previous data on the influence of psyllium
on esophageal motility were available. Therefore, it
was not possible to estimate the sample size necessary
to achieve statistically significant results on the mean
lower esophageal sphincter resting or residual pressure.
We suppose that the results obtained here may help to
plan further studies. Another limitation is the absence
of a placebo-control. Due to the nature of psyllium and
its preparation, it is almost impossible to produce a
comparator of similar viscosity, solubility in water, and
taste. Our study did, however, provide additional data
for evidence-based modification of NERD-patient diet.

In conclusion, a fiber-enriched diet led to a signi-
ficant increase of minimal lower esophageal sphincter
resting pressure and a decrease of the number of
gastroesophageal refluxes and frequency of heartburn
per week in NERD patients with low dietary fiber intake.
Psyllium 5.0 g TID was well tolerated by non-erosive
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GERD patients with low dietary fiber intake. Larger and
placebo controlled studies are needed to confirm the
obtained results.

ARTICLE HIGHLIGHTS

Background

Frequency of heartburn is negatively correlated with the amount of dietary
fiber consumed according to epidemiological studies. Low dietary fiber intake
is associated with decreased stomach and gut motility and delayed gastric
emptying, which may contribute to the risk of gastroesophageal reflux. The
ability of dietary fibers to bind nitric oxide contained in food may diminish its
negative effect onto low esophageal sphincter pressure, but it has not been
clinically proven yet. This is the first prospective trial demonstrating that an
increase of dietary fiber consumed results in a significant increase of minimal
esophageal resting pressure a decrease of the number of gastroesophageal
refluxes and frequency of heartburn per week in patients with non-erosive
gastroesophageal reflux disease (GERD) (NERD).

Research motivation

Reflux disease symptoms are associated with low consumption of dietary
fiber, according to epidemiological studies. However, no studies were available
to date that evaluated the effect of dietary fibers on esophageal motility and
reflux pattern and there were no interventional studies demonstrating the
effect of dietary fibers on GERD symptoms. For the first time, we showed that
additional daily consumption of 12.5 g of soluble dietary fiber is associated
with an increase in minimal lower esophageal sphincter resting pressure and
a decrease in the number of gastroesophageal refluxes and frequency of
heartburn per week in NERD.

Research objectives

The main objective of the study was to evaluate the effect of increased dietary
fiber consumption on the number of gastroesophageal refluxes, esophageal
acidity, the lower esophageal sphincter pressure, and clinical manifestations of
NERD in patients with low dietary fiber intake.

Research methods

The study was conducted as a pilot single-center prospective trial with very
strict inclusion criteria aimed to support the diagnosis and to exclude other
reasons able to affect esophageal motility and NERD symptoms. Change
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in GERD-Q questionnaire score, lower esophageal sphincter function
by high resolution esophageal manometry, number of different types of
gastroesophageal refluxes, and acid exposure time were assessed before and
after patient diet modification (increased intake of dietary fiber). Data were
analyzed using non-parametric statistics.

Research results

Our study is the first prospective trial demonstrating that increasing the amount
of dietary fiber consumed results in an increase of minimal esophageal resting
pressure and a decrease of the number of gastroesophageal refluxes and
frequency of heartburn per week in patients with non-erosive GERD. Diet
modification with additional psyllium (5.0 g TID) was well tolerated by non-
erosive GERD patients with low dietary fiber intake.

Research conclusions

Our results are consistent with epidemiological studies that found an inverse
correlation between the amount of dietary fibers consumed and symptoms
of GERD. We demonstrated that diet modification with an addition of 12.5 of
soluble fiber a day led to a decrease of GERD symptom frequency, an increase
in lower esophageal sphincter resting pressure, and a decrease in the number
of gastroesophageal refluxes. These findings are promising and suggest that
nutritional interventions may be effective in GERD management.

Research perspectives

Well-planned trials are needed to examine further novel potential mechanisms
of nutritional support for patients with esophageal disorders. Moreover,
multicenter, placebo-controlled, dose-escalating trials are necessary to confirm
our results, to establish the dose necessary to reach the optimal effect on
esophageal motility and NERD symptoms, and to evaluate the effect of different
types of dietary fibers.
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