Review articles

Evidence Based Review of the Impact of Treatments
of Gastroesophageal Reflux Disease

Roger Castillo, MD', William Otero, MD?, Alba Trespalacios, MSc, PhD?

1 Internal Medicine Resident (final year) at the National
University of Colombia in Bogota, Colombia

2 Professor of Medicine in the Gastroenterology
Unit of the National University of Colombia and
Gastroenterologist at Clinica Fundadores in Bogotd,
Colombia

3 Medical Microbiology Specialization Director and
Director of the Microorganism Collection in the
Microbiology Department at Pontificia Universidad
Javeriana in Bogotd, Colombia

Received: 16-01-15
Accepted:  20-10-15

Abstract

Background: Gastroesophageal reflux disease (GERD) is a very prevalent disease among adults that alters
the quality of life. Many treatments have been investigated, some of which require changes in lifestyle related
to associated risk factors. Although changes in lifestyle are recommended, the evidence that supports these
recommendations is controversial and scarce.

Objective: The objective of this study is to estimate the impact of lifestyle changes on patients with GERD.

Methodology: A systematic search of the literature in PubMed, Science Direct and Embase was conducted
using the following keywords: gastroesophagueal (sic) reflux, heartburn, bed head elevation, Carbonated
Beverages, mint, cocoa, citrus, Drinking Alcohol, caffeine, coffee, late-evening meal, spicy food, fatty foods,
obesity, weight loss, exercise and Smoking Cessation. Controlled clinical trials and prospective cohort studies
that studied lifestyle changes and their effects on GERD were included in the study.

Results: Of the 2,731 articles found, fifteen were included in our analysis. There is little evidence that
suspending consumption of food or drink items such as peppermint, chocolate, citrus, carbonated beverages,
fatty foods and spicy foods clinically improves GERD. Decaffeinated coffee may decrease the amount of ref-
lux, and quitting smoking is associated with improvement in symptoms. Meal times at night can change some
parameters of pH monitoring but did not alter symptoms. Some exercises, mainly respiratory, may improve
symptoms. There is evidence that elevating the head while in the bed and weight loss (in cases of overweight
or obese patients) improve symptoms, but there is also evidence against these methods and studies of them
have methodological limitations.

Conclusion: Adequate evidence does not exist that changes in lifestyle improve GERD symptoms. Most
studies are uncontrolled clinical trials or observational studies. Additional clinical trials with better quality are
needed to define the impact of these measures on GERD.
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Gastroesophageal reflux disease (GERD) is a condition in
which the reflux of stomach’s contents causes troublesome
symptoms and/or complications (1). The symptoms are
considered to be bothersome and affect the quality of life
when they occur two or more times per week (1). The
prevalence of GERD is high in the general population: in
Japanitaffects 6.5% to 9.5% of the population (2), in North
America it affects 10% to 20%, in Europe its prevalence is

between 10% and 20% (3), and in Latin America its preva-
lence ranges from 11.9% to 31.3% (4). It is estimated that its
incidence is 4.5 to 5.4 for every 1,000 patients per year (3).
The most common manifestations include regurgitation
and heartburn. Both negatively impact quality of life (S, 6),
and both are considered to be typical symptoms of GERD.
Besides these esophageal symptoms, GERD also produces
structural changes in the esophagus including esophagitis
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in 35% of patients and strictures. Barrett’s esophagus occurs
in 10% of cases and can even lead to esophageal adenocarci-
noma (7, 8). GERD is also associated with various extrae-
sophageal entities such as asthma, lung disease, laryngitis,
and coughing (9, 10, 11). While these associations are con-
sistent, causality has been difficult to prove except in the
cases of a few ear and throat conditions (1). Some experts
believe that it is often not possible to determine whether
an abnormality is the cause or consequence of GERD (7).
The incidence of esophageal cancer in patients with GERD
ranges from 1.0/100,000 to 60.8/100,000 person-years
depending on age. It is more common among those over
70 years of age (8), men, smokers, and regular consumers
of alcohol (12). Despite GERD’s negative impact on the
quality of life, it does not decrease survival (13).

The most important mechanisms leading to GERD are
related to transitory relaxation of the lower esophageal
sphincter (LES) which is mediated by the vagovagal reflex
(14). These abnormal relaxations are independent of
swallowing and last about 20 seconds. This is longer than
typical relaxation during swallowing (15). Although after
food consumption acidity decreases, it is known that the
large amount of acid in reflux after meals is produced by
the formation of an “acid pocket” consisting of a pocket
of acid within the food in the proximal stomach (15). An
acid pocket that remains above the diaphragm, especially
in a person with a hiatal hernia, is a major risk factor for
development of gastroesophageal reflux (16). Treatment
of GERD has traditionally been based on pharmacologi-
cal measures alone without surgery. The gold standard has
been proton pump inhibitors (17), but additional measu-
res are often recommended, especially changes in lifestyle.
These include losing weight; elevating the head of the bed;
and avoiding tobacco, alcohol, cafteine, spicy food, acidic
food, high-fat food and eating late at night (17). Other
measures that have been evaluated include consumption of
chocolate and carbonated drinks and sleeping on the right
side. The usefulness of these measures is controversial. A
systematic review in 2006 found no evidence that, with
the exception of weight reduction, none of these measures
confers any additional benefits in relation to the symptoms
of GERD (17). However, these changes continue to be
recommended despite the absence of sufficient evidence in
the literature. Given the controversy about the real utility
of lifestyle change, we decided to conduct this systematic
review with the aim of estimating the impact of changes in
lifestyle on patients with GERD.

METHODOLOGY

A systematic literature search of PubMed, Science Direct
and Embase was conducted in August 2014. The search
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was limited to the past 20 years and to articles in English
and Spanish. The keywords used in the search were gas-
troesophagueal reflux, heartburn, bed head elevation,
Carbonated Beverages, mint, cocoa, citrus, Drinking
Alcohol, caffeine, coffee, late-evening meal, spicy food,
fatty foods, obesity, weight loss, exercise and Smoking
Cessation (spelling and capitalization of search terms from
the Spanish original). Studies eligible for inclusion were
controlled trials and prospective cohort studies done in the
past 20 years. Studies were included if the study only inclu-
ded people over 18 years of age who had been diagnosed
with GERD and only if the reports studied interventions
in subjects lifestyles. The results were supported by symp-
toms, impedance and esophageal pH monitoring.

Study selection, data extraction and synthesis

The search yielded a total of 2,731 articles which were ini-
tially assessed on the basis of their titles and abstracts. The
evaluation was conducted independently by two reviewers
(RC, AT). Twenty articles were chosen for the study after
discarding 2,711 on the basis of the criteria for inclusion.
After evaluation of the methodology, fifteen of these arti-
cles were finally included in the analysis with RevMan §
(Figure 1).

Science Direct:

PubMed: 561 388

Embase: 1,782

\ 4

Articles: 2,731

Excluded because of
title or abstract: 2,711
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Articles: 20

Excluded because of

> detailed review
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Protocol: 3

Y

Included: 15

Figure 1. Selection process for articles using several different search
strategies.
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Quality assessment

Once these studies had been selected, data were extracted
and entered into a standardized format and evaluated using
the Scottish Intercollegiate Guidelines Network (SIGN)
tool for controlled clinical trials and prospective studies
(18). The risks of bias and the quality of each study were
assessed according to SIGN recommendations:
« High quality (++): Most of the criteria are met. The
study has little or no risk of bias, and outcomes are
unlikely to be changed by other research.

+ Acceptable quality (+): Most of the criteria are met,
there are some design defects associated with risk of bias,
and the conclusion could change with further research.

o Low quality (0): Most criteria are not met, there are
significant flaws in key aspects of the design, and the
conclusion is likely to change in future studies.

The results of each study were entered into Review Manager
(RevMan) S from the Cochrane Library. The checklists of
the research questions that were used for the study selec-
tion on this article are shown in Figures 2 and 3.

Is the article guided by a clearly formulated question?

Were subjects assigned randomly to groups?

Were appropriate methods of masking used for randomization?

Were patients and researchers blinded in relation to treatment received?
Were the two groups similar at the beginning of the study?

Other than treatment, were the two groups treated the same?

Were relevant results measured in a standardized, valid and reproducible way?

Was follow-up completed?

Were all of the subjects in each original group included in the analysis?

N
o
S
R

f f t f
0% 25% 50% 75%

Not described

. Yes . No

Figure 2. Evaluation of the quality of clinical studies in a systematic literature review.

Is the article guided by a clearly formulated question?

Were the original populations comparable in every way except that under investigation?
Does the study indicate how many of the patients proposed for inclusion actually participated?

Does the study compare participants who completed the study with those who did not
complete the study?

Was the evaluation of final results blinded in relations to the status of the exposition?

Was the method of evaluation reliable?

Were the principal elements of confusion identified and taken into account in the design of the
study?

f t t t i
0% 25% 50% 75% 100%

Not described

. Yes . No

Figure 3. Evaluation of the quality of prospective studies in a systematic literature review.
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Finally, disagreements were resolved according to the cri-
teria with the help of two experts. The GRADE system for
assessing the level of evidence and strength of recommenda-
tions was used (19, 20). In this system, the level of evidence
can be ranked as high, moderate, low, or very low. High means
that is unlikely that further studies will modify confidence in
the estimate of effect. Moderate means that new studies are
likely to have a significant impact on confidence in the esti-
mate of effect and that they may change the outcome. Low
means that it is likely that new studies will have an important
impact on confidence in the estimated result and that they
may change the outcome. Very low means that any estimate
of effect is very uncertain. The strength of a reccommendation
israted as “strong” when the desired effect of the intervention
clearly exceeded undesirable effects but is rated “weak” when
benefits, risks and undesirable effects are in close balance, or
there is substantial uncertainty about the magnitudes of the
benefits and risks.

RESULTS

Figure 1 summarizes the Search and inclusion processes.
Of the 2,731 articles initially found, only 15 items studied
changes in lifestyle. The study types finally selected and
the corresponding patient numbers are shown in Table 1.
Available evidence about each recommendation for lifes-
tyle change will be described separately. Some pathophy-
siological issues involved in lifestyle changes and studies
that generated hypotheses associating risk factors and
GERD are also described.

Fatty Food

Several studies have tried to link the consumption of foods
that are high in fat to GERD, but this association remains
controversial. One controlled clinical trial compared sen-
sitivity to an acidic substance after an infusion of saline
infusion with a 20% lipid solution (21). After two days
there were no differences in starting times or intensity of
symptoms (21). Another study compared the consump-
tion of foods that are high in fact with foods that are low
in fat. At the end of the study, no association between fat
content and worsening of GERD as measured by pH could
be found (22).

The relative effects that foods with high proportions of
fat and low proportions of fat have also been calculated for
pressure on the lower esophageal sphincter (LES), tran-
sient LES relaxations, reflux episodes, and the amount of
time that pH is less than 4.0. One clinical trial compared
high and low fat content in meals in twenty healthy indivi-
duals and found no significant difference (23). In contrast
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to other studies, Penagini et al. found no differences in epi-
sodes of reflux, exposure to abnormal levels of esophageal
acid, the rate of transient LES relaxations or LES pressure
related to high and low concentrations of fat in food (24).
Meyer et al. have found increased sensitivity to acid after
consumption of fat (25). Although Holloway et al. found
no significant effect of fatty food on LES pressure, they did
find that people with GERD have more frequent episodes
of reflux and transient LES relaxations than do healthy
people (26). A more recent study of healthy subjects found
that intraduodenal infusions of fat decreased LES pressure
and increased exposure to acid more than did infusions
proteins or carbohydrates (27). Another clinical trial that
evaluated different concentrations of fat and calories found
that reflux is related to the amount of calories but not to fat
concentration (28). Based on the available research, there
is no evidence to support lowering the fat content in meals
eaten by patients with GERD. In addition, there are no stu-
dies that specifically evaluate the impact of reduced dietary
fat. Recommendation: Weak. Level of evidence: Low.

Spicy food

Spicy food has been very frequently linked to precipitation
of GERD. This link was initially mentioned by Nebel et al
(29). In Brazil, an observational study reported that spicy
food hastened the onset of reflux in 11.7% of the people
with GERD (30). Two studies in Pakistan found that spicy
food precipitated reflux in most patients (31,32). In Korea,
Song JH et al. evaluated the effect of food on GERD with
a questionnaire and found a risk of 9% (OR 1.09, 95% CI:
1.02-1.16) (33). Unlike these studies, Pandeya et al. found
no association between spicy food and GERD (34). The
global analysis indicates that there is no consistent relation
between the consumption of spicy food and GERD, so we
cannot recommend that GERD patients stop eating spicy
food to improve their symptoms. Recommendation: Weak.
Level of evidence: Low.

Carbonated beverages

Carbonated beverages are considered to precipitate GERD,
although this is controversial. Several studies of healthy
volunteers have found that these beverages reduce LES
pressure below the pressure found in relation to water or
other beverages and that they increase transitory relaxation
(35, 36). Descriptive studies based on people diagnosed
with GERD have also found associations between con-
sumption of carbonated beverages and GERD (37, 38).
Another study of healthy subjects assessed the effects of
beverages with different concentrations of carbon dioxide,
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Table 1. Relationship oflifestyle changes and gastroesophageal reflux

Changes in lifestyle and gastroesophageal reflux

Author Year Country Study Design Population Data Collection Effect
Coffee and Caffeine
Pehl et al. 1997 Germany Double-blind, placebo-controlled, 17 pH monitoring Improvement in
randomized clinical trial Caffeine vs. Decaf. pH-measured
Tobacco
Ness-Jensen 2014 Norway Prospective cohort. 58,869  Questionnaire Symptoms  Association found between
etal and habits improvement of symptoms
and cessation of smoking
Eating late at night
Piesman et al. 2007 USA  Open randomized crossover 30 pH monitoring, Early vs.  Increased gastroesophageal
clinical trial late meal. Questionnaire  reflux
Orr, W.C.etal. 1998 USA  Open randomized crossover 20 pH monitoring, Early vs.  No increase in symptoms or
clinical trial late meal. Questionnaire  reflux
Weight loss
Mathus-Vliegen 2003 Holland  Open randomized double-blind 32 pH monitoring, Improved reflux and LES
etal. crossover clinical trial manometry function
Mathus-Vliegen 2002 Holland  Open randomized double-blind 43 pH monitoring. Improvement of reflux
etal. crossover clinical trial
Fraser-Moodie 1999 England  Uncontrolled clinical trial 34 Questionnaire Improvement of symptoms
CAetal.
Kjellin et al. 1996 Sweden  Open randomized blind 20 pH monitoring. No effect on symptoms or
crossover clinical trial Questionnaire reflux
Ness-Jensen 2013 Norway Prospective cohort study 29.610  Questionnaire Improvement of symptoms
etal.
Singh, M. et al. 2013 USA  Prospective cohort study 332 Questionnaire Improvement of symptoms
Exercise
Nobre and Souza 2013  Brazil  Uncontrolled clinical trial 19 pH monitoring, Reduction of symptoms and
etal. (Breathing exercises) Questionnaire manometry  reflux
Eherer et al. 2012 Austria  Controlled randomized open 19 pH monitoring, Long-term reduction of
clinical trial (Breathing exercises) Questionnaire symptoms
Sodhi et al. 2008 India  Uncontrolled clinical trial 25 pH monitoring. Increased reflux
(Inclination exercises)
Head elevated
Khan et al. 2012 India  Uncontrolled clinical trial 24 Questionnaire pH Improvement of symptoms
monitoring.
Posture
Khoury et al.. 1999 USA  Uncontrolled clinical trial 10 pH monitoring. More reflux in right lateral

decubitus sleeping position

but did not find levels of reflux that were higher than in
subjects who consumed beverages that are not carbonated
(39). There are no published studies evaluating the effects
of suspending consumption of carbonated beverages to
improve GERD. To date, the data has not been consistent
enough to support advice that patients avoid consumption.
Recommendation: Weak. Level of evidence: Low.

Mint

Mint is used as a flavoring and has been thought to be rela-
ted to gastroesophageal reflux, but studies have failed to
demonstrate any particular association. Bulat et al. investi-
gated the effects of different doses of spearmint on the LES
in healthy individuals and found no changes in LES pres-
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sure or in reflux (40). There is no evidence available that
would support the recommendation to suspend the use of
mint to control GERD. Recommendation: Weak. Level of
evidence: Low.

Chocolate

One of the first studies that evaluated the effects of choco-
late on reflux was conducted in 1975 on 9 healthy volun-
teers. After volunteers ingested 120 ml of chocolate, LES
pressure was measured, and significant decreases from base-
line pressure were found: 14.6 mmHg +/- 1.1 mmHg to 7.9
mmHg +/- 1.3 mmHg (P <0.01) (41). Another study with
6 volunteers found that the length of the LES was affec-
ted after consumption of chocolate (42). More recently,
Murphy et al. evaluated the effect of chocolate consump-
tion on esophageal pH. They found a significant increase
of abnormal acid exposure over what occurred with other
beverages (43). Nevertheless, two other studies of patients
with GERD did not find that chocolate was a risk factor for
GERD symptoms (38, 44). In addition, we found no study
that assessed effects of suspending chocolate consumption
in patients with GERD. Recommendation: Weak. Level of
evidence: Low.

Citrus Juices

Several studies have found that consumption of citrus jui-
ces increases heartburn in patients with GERD. Citrus juice
has also been recognized as a precipitant of symptoms in
some populations (29, 45, 46). Another study found that
the length of the LES decreased following consumption of
240 mL of orange juice by healthy individuals (42). In con-
trast, other research found that neither symptoms nor the
length of the LES is affected by consumption of citrus juice
by patients with GERD (44, 47). One study also found that
consumption of orange juice led to symptoms in patients
and that they had neutral pH (48). To date no studies have
evaluated suspension of consumption of citrus juices on
GERD. Recommendation: Weak. Level of evidence: Low.

Alcohol

For decades, alcohol has been associated with occurrence
of gastrointestinal symptoms. Hogan et al. were among
the first to document a decrease in LES pressure after con-
sumption of alcohol (49). Other effects have also been
linked to alcohol. They include increased acid secretion,
reduction of LES length, increased spontaneous relaxa-
tions of the LES, alterations of esophageal motility and alte-
rations of gastric emptying (50). Studies of healthy people
have shown increased symptoms and decreased esophageal
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pH (51-54). Associations between alcohol consumption
and GERD have also been found (55-63). Recently, a
relationship between increased alcohol consumption and
increased pyrosis has been found among patients who have
used NSAIDs (64). However, other observational studies
have not found that alcohol consumption is a risk factor for
GERD (65-67). Only one prospective study has evaluated
suspension of consumption. After 6 months of suspension,
improvements in esophageal motility disorders were found,
but the alterations of esophageal pH and symptoms persis-
ted without change (68). On the basis of current evidence,
itis not possible to recommend abstinence from alcohol in
order to improve GERD. Recommendation: Weak. Level
of evidence: Low.

Coffee/Caffeine

Like other substances, caffeine is considered to be a preci-
pitant of symptoms in patients with GERD. Feldmann et al.
found that postprandial heartburn had a significant associa-
tion with consumption of coffee (45). An association bet-
ween coffee and the onset of symptoms has also been found
in patients with esophagitis (48). Thomas et al. found that,
for healthy study participants and participants with GERD,
drinking coffee on an empty stomach or after consumption
of food caused a significant drop in LES pressure (69).
When this same parameter was evaluated by Salmon et al.,
they did not find the same decrease in LES pressure when
coffee was consumed on an empty stomach. They found
that the only significant change in LES pressure occurred
after coffee consumption following consumption of food.
They could not exclude the possibility that the effect was
the result of food ingestion (70). A prevalence study con-
ducted by Nilsson et al. in a Norwegian population found
a protective effect even for people who drank more than 7
cups per day compared with those who only drank one cup
per day (OR 0.6, 95% CI: 0.4 to 0.7) (65). Some surveys
have failed to find any association (63, 66, 71). A recent
study in Japan of 8,013 people, of whom 5,451 were coffee
drinkers, found an association with esophagitis (OR: 0.84,
95% CI: 0.70-1.01, p <0.057) and non-erosive GERD
(OR: 0.93, 95% CI: 0.79-1.10, p <0.408) (72). A clini-
cal trial with a group of patients with reflux and a healthy
control group in which coffee consumption was compared
with consumption of hot water found no difference in the
onset of symptoms, in levels of esophageal pH or in para-
meters esophageal manometry (73).

The decaffeination process has also been studied. Initially,
healthy people were studied. It was found that those who
drank decaffeinated coffee had less reflux, but this finding was
not reproduced in those who decaffeinated drank tea which
led to speculation that other components involved in the
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physiopathology of coffee were involved (74). Subsequently,
a randomized clinical trial conducted with patients who had
GERD found that the time esophageal pH was below 4.0 was
lower in those who drank decaffeinated coffee than in those
who drank regular coffee (74). This study was of very short
duration and had limitations in controlling all confounding
factor so that it is not possible to estimate the effect of the
beverage on the behavior of GERD.

Because the findings are not very conclusive, a conclu-
sion about any recommendation involving coffee con-
sumption cannot be made. Better quality studies with
longer follow-up times are needed before a conclusion can
be reached about whether suspension of coffee or caffeine
improves symptoms in patients with gastroesophageal ref-
lux. Recommendation: Weak. Level of evidence: Low.

Smoking

Several mechanisms by which smoking might generate gas-
troesophageal reflux have been described. Some studies have
shown that smoking can reduce the LES pressure (75-77).
Others have shown that secretion of bicarbonate in the saliva
decreases and that this could lead to lower levels of intra-
esophageal neutralization of acid (78, 79). Smoking may
generate gastroesophageal reflux directly in some patients
due to increases in intra-abdominal pressure from coughing
or inhaling deeply (80). Smokers have higher risks of symp-
tomatic gastroesophageal reflux than non-smokers according
to several population studies (81-87). A survey by Wang et
al. found that smokers were more likely than non-smokers to
have GERD (OR = 1.27; 95% CI: 1.17-1.38). This was even
more likely for those who smoked more than one pack of
cigarettes per day (OR = 4.94; 95% CI: 3.70-6.61) (63). A
prospective study by Nilsson et al. found a dose-dependent
association and that those who smoked daily for more than
20 years had a higher association than those who had smoked
for less than 1 year (OR 1.7; 95% CI 1.5 - 1.9). In addition,
those who had smoked cigarettes more than 50,000 had
greater association than those who had smoked less than 100
cigarettes (OR 1.6; 95% CI 1.4 - 1.8) (6). However, some
studies have reported different results. Fulani et al. compared
smokers, including some who abstained from smoking during
the study, to nonsmokers. Differences were measured by pH
monitoring and through a questionnaire. The study found no
differences among the three groups (those who kept smo-
king, those who abstained from smoking, and non-smokers)
in episodes of reflux or in the amount of time that esophageal
pH was less than 4.0 (88). Three prospective studies have
shown no associations between smoking and increased gas-
troesophageal reflux (89-91). One study of 14 smokers who
abstained from smoking for 48 hours found an increase in
reflux episodes after restarting the smoking habit (92).

Recently a prospective study of the effect of stopping
smoking on gastroesophageal reflux symptoms was perfor-
med (93). Initially, 58,869 people were surveyed. Eleven
years later a second survey including 44,997 was conduc-
ted. 29,610 people participated in both surveys. 1,553
patients who had severe symptoms in the first survey, and
the 486 of these who also smoked, were included. Patients
who continued to smoke were compared to those who had
stopped smoking (exposed patients). At the end, a corre-
lation between cessation of smoking and improvement of
symptoms was found, but only in those who took at least
one anti-reflux medication each week and who had normal
body mass indexes (OR 5.67; 95% CI: 1.36 - 23.64) (93).

This is the only study that has prospectively analyzed
the effect of suspending smoking on reflux symptoms, but
because it is an observational study, a causal link still cannot
be made. Recommendation: Weak. Level of evidence: Low.

Eating late at night

A case-control study by Fujiwara et al. examined the asso-
ciation between GERD and eating just before going to
sleep (94). The odds ratio was adjusted for BMI, smoking
and drinking to present reflux in those who ate dinner less
than three hours before bedtime. Data for this group were
compared to data from a control group who ate at least
four hours before bedtime. The resulting OR was 7.45
(95% CI: 3.38-16.4) (94). Two pilot studies have tried to
evaluate the effects of eating at different times on GERD.
Orr and Harnish conducted a clinical trial with 20 people
who had GERD with heartburn at least 4 times a week and
who had had at least one episode of symptoms at night
during the previous two months. They spent two nights in
a sleep laboratory with each stay separated by no more than
3 weeks from the other. On one of the nights they were
instructed to consume the usual food before 1900, and
on the other night they were given a standardized meal at
2100 hours. They went to bed at 2300 and were awakened
at 0600. Polysomnography measured sleep disturbances
and patients’ pH was monitored. The average number of
episodes of reflux experienced in the two groups did not
differ significantly. It was 3.1 for early diners, and 4.0 for
later diners (p = 0.30). There were no significant differen-
ces in durations of reflux episodes (6.9 min vs. 10.8 min,
p = 0.14) or the total time that pH was less than 4.0 (14.8
min vs. 21.3 min, p = 0.15). There were also no significant
differences in polysomnographic parameters between the
two groups. It should be kept in mind that meals prior to
1900 were not standardized, and that patients were allowed
to go to the lab on two separate nights up to three weeks
apart which allows for great variability (95). A randomized
clinical trial conducted by Piesman et al. assigned some
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patients to eat either early or late one night (1700 vs. 2100)
and then to reverse their eating times the next day. They
were instructed to go to sleep at 2300 and to wake up 0600
on both days. pH was monitored for the entire 48 hours
of the study. 30 patients were included in the analysis. The
average amount of time between eating and going to bed
for nights subjects ate late was 93 minutes, while the ave-
rage amount of time between eating and going to bed for
nights subjects ate early was 330 minutes. Eating late was
associated with a significant increase in the percentage of
time with pH less than 4.0 while subjects were in supine
positions (mean change, 5.2 +/- 1.6, p = 0.002). There
were also significantly longer episodes (mean change 4.8
+/- 2.3, p = 0.021). An analysis of subgroups showed that
the patients with esophagitis (11/30) and those with hiatal
hernias (14/30) had significantly more supine reflux. There
were no significant differences in symptoms. Although lun-
chtime was early, lunch may have interfered with dinner
and caused more distension and reflux (96). These two stu-
dies do not allow the conclusion that the dinner schedule
may influence symptoms in patients with GERD, therefore
we cannot recommend this behavior as a therapeutic mea-
sure. Recommendation: Weak. Level of evidence: Low.

Obesity and weight loss

Multiple hypotheses have been advanced about the role that
obesity plays in GERD. The most important of all is that
obese people experience more episodes transient LES relaxa-
tions. This has been seen very frequently in people with high
BMI (97, 98). Another mechanism that has been described
is increased intra-abdominal pressure which could in turn
cause increased intragastric pressure which may make obese
people and susceptible to development of hiatal hernias (99-
102). Changes in esophageal motility have been observed in
overweight and obese patients (103-106).

Multiple studies have looked at whether there is a rela-
tionship between GERD and obesity. Many have found
a significant association between high BMI or waist cir-
cumference and high levels of gastroesophageal reflux (65,
71,82,107-110), including studies looked at by two metaa-
nalyses (111, 112). Nevertheless, other studies have found
no such relationship (113-116). Six studies have evaluated
the effect of weight reduction on improvement of gastroe-
sophageal reflux, and there have been four clinical trials and
two prospective studies.

Mathus-Vliegen et al. conducted a controlled clinical
trial which included 32 obese patients (BMI 44.3 +/- 1.3
kg/m?). They were divided into two groups, one consisting
of patients who were going to receive treatment with intra-
gastric balloons for 13 weeks, and another with patients
who received false balloons. Patients were also instructed
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to change their diets and exercise regimes to reduce weight.
The study was double-blinded for the first 13 weeks. pH
was monitored and patients underwent manometry during
the study. After 13 weeks of treatment, the group that was
treated with false balloons showed a weight reduction of 9.7
+/-3.9%, a significant increase in the length of the LES (3.0
cm+/-0.7t03.6+/-0.7,p <0.05), and decreased duration
of pH below 4.0 with patients in standing position (8.0%
+/-3.9 t0 5.5% +/- 4.1). After 13 weeks, all patients were
treated with intragastric balloons. The study was designed
to compare data within groups rather than between groups,
especially before treatment and after treatment data from
the group treated with false balloons. One cannot exclude
the effect of other factors on the improvement of reflux,
such as consumption of low fat diets (117).

Mathus-Vliegen et al. conducted a similar second study
with 43 patients who had GERD and were obese. The
patients were randomly assigned to two groups, one of
which was treated with intragastric balloons for 13 weeks,
and another which received false balloons. pH was moni-
tored before and after treatment. Initially, they were able
to record data of 42 patients whose average BMI was 43.4
kg/m?* and whose average age was 41.4 years. Twenty-two
exhibited some evidence of reflux. The total amount of
time that pH was less than 4.0 (total time including stan-
ding and supine) for these obese patients was significantly
greater than the reference values. Nevertheless, reflux had
no significant correlation with weight. After 13 weeks of
treatment, the patients who had been treated with false gas-
tric balloons had lost 9.7% of their weight and experienced
a significant reduction in the time that pH was less than 4.0
(5.60% at baseline and 3.72% at 13 weeks <0.05) (118).
You cannot exclude the effect of low- fat meals with small
volumes for improving reflux parameters, plus there was no
comparison with a control group.

An uncontrolled study by Fraser-Moodie et al. followed 34
patients who had had symptoms of gastroesophageal reflux
within the previous 6 months. Average patient weight was
83.4 kg, and average BMI was 23.5 kg/m”. Patients were given
recommendations on diet without any other changes in lifes-
tyle. After 6 weeks of follow-up, average weight had decreased
to 80.6 kg and average BMI had decreased to 21.8 kg/m’. The
symptoms that were initially present in all patients went from
an average score of 5.4 (3-10) to 1.8 (p <0.001). Twenty-seven
(80%) patients had decreased their weights (4.0 Kg) and had
improvements in their symptoms (75%) (119).

Recently a cohort study by Mandeep et al. included 332
patients in a structured weight loss program. Of the total
number, 124 (37%) had GERD, average age was 46 years,
average patient weight was 101 kg (+/- 18), average BMI
was 35 (+/-5) kg/m?* and average waist circumference
was 103 cm (+/- 13). Weight reduction strategies inclu-
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ded dietary modifications, increased physical activity and
other behavioral changes. After 6 months follow-up, 97% of
these people had reduced their weights. Among those who
had GERD, 81% had reduced their symptom Scores (65%
full resolution, and 15% partial resolution). There was a
positive correlation between the degree of weight loss and
changes in reflux symptom Scores at 6 months follow-up,
and there was a significant improvement in reflux symptom
Scores as the percentage of weight loss increased (Pearson
product-moment correlation coefficient, r = 0.17, P <0.05).
In this study there was no control group of patients, since
almost all (97%) decreased weight. Only 37% of these peo-
ple had GERD. The program included several measures
such as changes in diet, exercise and behavioral changes, so
the contribution of each measure to changes in symptoms
could not be evaluated (120).

Kjellin et al. tested the hypothesis with 20 patients who
had GERD. They were randomized into two groups, Group
A received a very low calorie diet with continuous monito-
ring six weeks while Group B received only general recom-
mendations. Patients were monitored with performed
manometry, endoscopy, pH tests and a standardized reflux
symptoms questionnaire. After 6 months there was a signi-
ficant weight reduction in Group A (10.8 +/- 1.4 kg) but
not in Group B (-0.6 +/- 0.7 kg). There were no significant
differences in changes of symptoms. There was no reduc-
tion in reflux according to pH testing (121). This study
found no significant objective or subjective differences
related to reflux after weight reduction. It should be noted
that patients had free access to medications during the
study and that the number of people included was small.

Recently the results of a prospective study that was part
of the HUNT study were published. Two surveys were
conducted. In the first, 58,869 people were surveyed while
in the second, 44,997 people were surveyed. 29,610 people
participated in both surveys. At the beginning 9,299 repor-
ted some degree of reflux, and 1,553 (5.2%) reported severe
reflux. Participants were stratified according to use of anti-
reflux medications (less than once a week and at least once a
week). An analysis of this data found that the adjusted odds
ratio of those who did not use anti-reflux medications and
those who used them less than 1 time per week increased for
improving to the point that they reduced their BMI by more
than 3.5 units whereas others had only minor changes of 0.5
units (OR 1.98, 95% CI: 1.45 - 2.72). The increase in the
OR was higher for those taking medications at least once per
week (OR 3.95,95% CI 2.03 - 7.65). In assessing the cohort
of people with severe reflux, there was a significant increase
in the adjusted OR for absence of severe reflux symptoms
at follow-up among those who consumed medications at
least once per week and who had reduced BMI by more
than 3.5 units whereas others had no reduction (OR 3.11,

95% CI 1.13 - 8.58) (122). Several biases may have been
built into the study design. Due to the long follow-up time,
fluctuations in symptoms between the two surveys cannot
be assessed. Moreover, there was a great loss patients. Some
patients were included after a survey was sent to their homes,
and they reported their own weights and heights with the
likelihood that some data was erroneous. The results on this
topic are controversial because of data from studies with
methodological limitations. Recommendation: Weak. Level
of evidence: Moderate.

Exercise

Three studies that have evaluated the effect of exercise on
symptoms of reflux were included. Two of them inves-
tigated whether the training of the muscles involved in
breathing could improve symptoms, while the other eva-
luated the effects of inclination exercises on reflux.

Sodhi et al. investigated the effects of inclination exerci-
ses in which the patients touched their feet while in three
different positions: sitting, standing and lying (123).
Twenty-five patients with GERD were included. They
competed a questionnaire about symptoms, and then their
esophageal pH was monitored for 24 hours prior to the
test and 24 hours on the day of the exercises. Patients also
underwent esophageal manometry and upper digestive
tract endoscopy. Of the 25 patients, 14 had reflux while in a
standing position, four had reflux only in supine positions,
and seven had reflux in both positions. There were no diffe-
rences in measured pH before and during exercise. Reflux
time, the amount of time pH was below 4.0, was 0.0 (0-60)
and 0.0 (0-80) [p = 0.71] in those with reflux only in a
standing position. For those who had reflux while supine,
reflux time was 13% (0-53) while for those who had reflux
in both positions, reflux time was 0.0% (0-42). It is worth
noting that patients with reflux in both positions had lower
LES pressure 7.0 (SD 2.8) mmHg than those who had ref-
lux only in a standing position 19.6 (SD 6.8) mmHg (p =
0.001). This may explain other differences between these
two groups. There was a low correlation between symp-
toms and episodes of reflux (123).

A training program for breathing muscles has been
evaluated for patients with non-erosive gastroesophageal
reflux disease. Initially, 19 people were included. They
were randomized into two groups, one of which received
training in breathing exercises for four weeks, and the
other of which did not participate in the training (124).
All patients underwent upper gastrointestinal tract endos-
copy, pH monitoring and manometry before starting the
protocol. After finishing their pH was against tested and
manometry was repeated. Exercise training was overseen
by experts who instructed patients in thoracic and abdo-
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minal breathing to increase contractions of the diaphragm.
There was no difference in the fraction of time that pH
was less than 4.5 (9.1 + 1.3% vs. 10.7 + 1.8%) between
the 2 groups. After the first month there was a significant
decrease in the fraction of time that pH was less than 4.5%
(4.7 £ 0.9%, P <0.05) in the group that received training
while the control group was unchanged. Nevertheless, the
comparison between the two groups was not significant.
Patients were allowed to use proton-pump inhibitors on
demand. There were no differences between manometry
measurements before and after training. Upon comple-
tion of the first four weeks, all 19 patients were taught
to perform the exercises. After 9 months follow-up, only
11 patients continued to follow the recommendations.
Among patients who continued training there was a signi-
ficant decrease in the symptom scores which were, on ave-
rage, 15.1 + 2.2 before training, but which fell to 9.7 + 1.6
(P <0.05) after training. There were no decreases among
the eight patients who did not continue training. The use
of PPIs decreased from 98 + 34 to 25 + 12 mg/week (P
<0.0S) in the group that continued training after 9 months
training. Those who did not continue training had no such
change. Average PPI use before had been 179 + 31. This
declined slightly to 144 + 40 after (124). This study’s limi-
tations include the small number of patients and the fact
that the study could not be blinded.

Another study of 12 patients with GERD and seven
healthy volunteers evaluated whether training breathing
muscles could improve motor function of the gastroe-
sophageal junction and gastroesophageal reflux. After
patients were checked with manometry and pH tests, they
began a two month breathing muscle training program.
Upon completion of the training the heartburn score of the
group of patients with GERD decreased from 3(3-4) to 0
(0-0.7) (P <0.003) and their regurgitation scores decrea-
sed from 2.5 (1-3.7) to 0 (0-0) (P <0.008). The number of
transient also LES relaxations decreased from 8.5 events/
hour (4-17) to 7 events/hour (2-13) (P <0.032). The total
times of abnormal acid exposure in the proximal esophagus
were similar before and after training: 10.4 + 4.4 minutes
vs. 12.5 £ 4.1 minutes (P <0.751). The total times of abnor-
mal acid exposure in the distal esophagus were also similar
before and after training: 50.9 £ 15.1 minutes vs. 56.9 +
13.1 minutes (P + 0.765). There was also a reduction in the
progression of proximal reflux after training from -8 (-16 to
5) to -10 (-28 to -3) (P <0.04) (125). Because this study
was conducted with patients diagnosed with GERD and a
few healthy volunteers, treatments was not compared bet-
ween two groups with similar characteristics. In addition,
this study was not blinded. Recommendation: Weak. Level
of evidence: Low.
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Elevating the head of the bed and posture management

This measure has been taken into account, since it is consi-
dered that different positions, such as supine may worsen
GERD by facilitating the passage of the gastric contents
into the esophagus. By 1977, an association between slee-
ping with the head of the bed elevated and improved reflux
had been found (126). Khan et al. conducted a clinical trial
which included 71 people with nocturnal symptoms of
reflux (127). Only those with reflux verified by esophageal
pH monitoring were included in the study (24). Patients
were instructed to put a 20 cm high block of wood under-
neath the headboard to elevate the bed for seven days (two
in the hospital and five at home). Twenty continued to
follow the recommendation until the end of the period.
The mean (SD) amount of time that pH was below 4.0 was
15.0 (8.4) on day one and 13.7 (7.2) on day seven (P =
0.001). On day one, 14 patients had moderate heartburn,
five had moderate to severe heartburn, and one had severe
heartburn. After completing seven days, 12 had moderate
heartburn, seven had mild heartburn, and in one case, the
heartburn had completely resolved (127).

Khoury et al. have investigated the effect of postural
management on gastroesophageal reflux (128). They inclu-
ded ten patients who had been diagnosed with GERD in
a study. Patients were monitored overnight with a motion
sensor, and patients pH was also monitored overnight. The
percentage of time pH was less than 4.0 was higher when
patients were in right lateral decubitus (median 18.1, range
7.4 -44.4) (p <0.003) than when patients were in left late-
ral decubitus (median 0.9, range 0.0 - 4.5) or prone posi-
tion (median 1.4, range 0.0 to 4.5). Also, the time it took to
clear esophageal acid was greater in right lateral decubitus
than in the other positions. The number of reflux episodes
per hour was higher in supine position than in the other
positions. There was no assessment of symptoms during
the study (128).

To date, there have been no randomized clinical trials
that have successfully demonstrated that these measu-
res impact patients’ GERD symptoms. For this reason,
recommendation of these behaviors in the long term is
difficult considering that they could significantly interfere
in patients’ quality of life. Recommendation: Weak. Level
of evidence: Low.

DISCUSSION

Gastroesophageal reflux has high prevalence in the adult
population and has been classically related to certain foods,
eating habits and customs. Multiple studies have looked at
the associations between this disease and various triggers,
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but the information obtained shows no strong associa-
tions. Similarly, whether changes in lifestyle can improve
GERD has also been investigated in the hope of creating an
alternative to pharmacological management and providing
financial relief for health systems.

Studies of some dietary factors including consumption of
carbonated beverages, peppermint, chocolate, citrus fruits,
fatty foods and spicy foods have not been properly desig-
ned. Consequently, the evidence does not support the con-
clusion that suspending consumption of these items has a
positive effect on a person with GERD. Studies of coffee
and caffeine have yielded conflicting results regarding
whether or not they provoke GERD symptoms, so there
is not sufficient evidence to recommend that patients sus-
pend consumption of coffee or caffeine. Quitting smoking
has been evaluated in a prospective study that found a rela-
tionship between quitting and decreases of severe symp-
toms only in people with normal BMI who were taking
reflux medication at least once a week (93).

Because of that study’s design methodology, we cannot
conclude that there is a causal relationship between smo-
king cessation and improvement of symptoms. Eating
schedules have been investigated, but the studies have
conflicting results. While one study shows no significant
difference between going to sleep soon after eating or going
to sleep later (95), another study has found higher levels of
reflux among those who dined near bedtime. Nevertheless,
in that study there were no changes in symptoms (96).
Since these findings are contradictory, we cannot conclude
that there is a relationship between meal schedule and
improvement of reflux symptoms. We also found no con-
clusive evidence about other measures such as raising the
head of the bed. We found only one uncontrolled clinical
trial that showed that symptoms improved (127).

Another measure that has been studied is weight reduc-
tion since the proportion of people who are overweight or
obese who suffer from GERD has been well studied, and
positive associations between the conditions have been
found frequently. Six studies, four clinical trials and two
prospective cohort studies, have looked at possible associa-
tion between weight reduction and improvements in gas-
troesophageal reflux. Two clinical trials that compared par-
ticipants’ reflux before and after weight reduction found
improvements (117, 118), but another similar clinical trial
found no association between improvement of symptoms
and weight loss (121). Two clinical trials that evaluated
symptoms obtained opposing results (119, 121). Two
prospective studies found that the symptoms of those who
lost weight improved (120, 122). These clinical trials had
various methodological problems: some were uncontro-
lled, and some had numbers of participants that were too
small to draw clear conclusions. Similarly, the prospective

cohort studies may have suffered from information selec-
tion bias, and may not have had enough power to show a
causal association.

Exercising respiratory muscles has also been evaluated.
One study suggests that symptoms could improve by conti-
nued training over the long term while another study suggest
that short term training may reduce symptoms (124, 125).
Exercises that that require inclination of the body may also
help by increasing intra-abdominal pressure (123).

An open uncontrolled clinical trial found that a right late-
ral decubitus sleeping position is related to higher levels of
reflux than other sleeping positions, but found no differen-
ces in symptoms (128).

Our study has some limitations. The online search of
publications included only articles in English and Spanish,
and it only covered the last 20 years. This could limit our
findings and evidence, but the studies with that were the
least rigorous in their diagnostic methods and studies of
low quality were omitted. Other important limitations are
the small number of controlled clinical trials and the fact
that many of them are of moderate or low quality.

CONCLUSIONS

Gastroesophageal reflux is a disease that has a significant
impact on patient quality oflife (129). Despite the fact that in
the literature the evidence that lifestyle changes can improve
GERD symptoms is poor, changes in lifestyle continue to be
recommended as a way to obtain clinical improvement of
the diseas (17, 130). The consumption of some foods and
beverages has been linked to higher levels of gastroesopha-
geal reflux symptoms, but - in the specific cases of carbo-
nated beverages, peppermint, chocolate, citrus, fatty foods
and spicy foods — there have been no studies that support
the idea that suspension of these foods and beverages can,
by themselves, result in clinical improvement of the disease.
Similarly, there is not enough evidence to recommend to
recommend suspension of other habits such as consuming
coffee and caffeine and smoking. Neither is there sufficient
evidence to recommend that patients do not eat close to bed
time, or that patients exercise or manage their postures to
control GERD. There is evidence that weight reduction may
help, but the studies containing this evidence have methodo-
logical flaws in their designs which prevents us from making
strong recommendations. More controlled clinical trials are
needed to define the actual role that changes in lifestyle may
have for clinical improvement of GERD.
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