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Introduction
Gastro-oesophageal reflux disease (GORD) is 
characterized by symptoms and/or mucosal dam-
age produced by the abnormal reflux of gastric 
contents into the oesophagus [DeVault and 
Castell, 2005]. Typical symptoms include heart-
burn and acid regurgitation. GORD is an impor-
tant problem worldwide. Frequent or severe 
GORD symptoms are associated with work loss 
[Henke et al. 2000] and impaired health-related 
quality of life [Revicki et al. 1998]. It is a risk fac-
tor for adenocarcinoma of the oesophagus, an 
increasingly prevalent malignancy in Western 
populations [Lagergren, 2006]. In the Western 
world, GORD, defined here as at least weekly 
heartburn and/or acid regurgitation, has a higher 
prevalence of 10–20% compared with less than 
5% in Asia [Dent et  al. 2005]. However, recent 
increases in prevalence have been reported in 
Asian populations [Fujimoto, 2004; Lim et  al. 
2005; Ho et al. 2006], suggesting that lifestyle fac-
tors may contribute to GORD development.

GORD is traditionally managed in a stepwise 
fashion, beginning with modification of lifestyle 

factors and use of over-the-counter medications 
such as antacids [DeVault and Castell, 2005], 
stepping up to potent pharmacological agents 
and antireflux surgery. However, the introduction 
of potent acid suppressants has rendered lifestyle 
measures unfashionable. An expert committee 
did not even consider them to be sufficiently 
effective to justify a trial as initial or long-term 
therapy [Dent et  al. 1999], citing a ‘remarkable 
lack of data in this area’ and suggesting that ‘many 
patients seeking medical advice have already tried 
lifestyle measures and antacids and found them 
ineffective’ [Dent et al. 1999]. However, 65% of 
130 consecutive patients with GORD presenting 
to an English district general hospital had no 
knowledge of lifestyle interventions and only 28% 
had been informed of such measures by their gen-
eral practitioners [Kang, 2000]. To date there is 
no trial evidence that directly compares drug 
therapy with lifestyle interventions.

In 2006, Kaltenbach and colleagues reviewed the 
evidence base relating to lifestyle measures against 
gastro-oesophageal reflux and concluded that, 
while weight loss and head of bed elevation were 
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effective interventions for GORD, evidence was 
lacking to support tobacco or alcohol cessation or 
other dietary measures [Kaltenbach et al. 2006]. 
We have performed a systematic review of the lit-
erature from 2005 to the present relating to life-
style measures against GORD. We separately 
considered the effect of these factors and their 
modification on symptoms, physiological param-
eters of reflux as well as endoscopic appearances, 
since these different indices may be discordant for 
individual patients. The role of such measures in 
GORD management in the era of potent acid 
suppressant therapy is discussed.

Methods
A Medline search was conducted from 2005 to 20 
March 2014, limited to original articles in the 
English language, using the following keywords: 
gastro-oesophageal reflux disease, gastroesopha-
geal reflux disease, oesophagitis, esophagitis, 
heartburn, reflux, lifestyle modification, smoking, 
alcohol, obesity, weight loss, caffeine, coffee, cit-
rus, chocolate, mint, carbonated beverages, spicy 
foods, fatty foods, head of bed elevation, late-
evening meal, nocturnal symptoms, regurgitation, 
posture, postural, sleep, body position, left lateral 
decubitus, fat, low fat, curry, antacid, proton-
pump inhibitors, omeprazole, lansoprazole, rabe-
prazole, esomeprazole, cimetidine, H2 antagonist, 
ranitidine and Gaviscon®.

Manual searches were made using the reference 
lists from review and original articles to retrieve 
other papers relevant to the topic. The two authors 
independently reviewed the results of the litera-
ture search and discussed the inclusion of articles 
where there were discrepancies.

Results
The initial Medline search yielded 1537 abstracts, 
of which 218 were included in the final analysis.

In general, the strongest evidence is obtained 
from systematic reviews or meta-analyses. The 
next best source of evidence is interventional 
studies such as randomized controlled trials, 
which are in turn superior to observational stud-
ies such as cohort studies, case-control studies 
and cross-sectional studies.

Several cross-sectional epidemiological studies 
assessed risk factors for GORD symptoms and 
endoscopic changes. Other studies, generally on 

small numbers of subjects, assessed the effects of 
specific short-term dietary or physical interven-
tions on reflux symptoms and physiological 
parameters. There were very few, if any, cessation 
studies apart from extremely short-term ones.

Recently published reports from the Nord-
Trøndelag Health (HUNT) study provided the 
most definitive evidence to date on the effect of 
weight reduction and smoking cessation on 
GORD symptoms. Data were collected on a wide 
range of health-related topics by means of several 
population based surveys: HUNT1 (1984–1986); 
HUNT2 (1995–1997); HUNT3 (2006–2008); 
and a short questionnaire (Mini-Q) sent to non-
participants after HUNT 3 in 2009. In HUNT 2 
and HUNT 3/Mini-Q, the GORD symptom sta-
tus of participants was determined for the previ-
ous 12 months. Covariables such as sex, age, 
alcohol consumption, education, physical exer-
cise, body mass index (BMI) and use of antireflux 
medication were then evaluated in terms of their 
association with GORD symptoms.

Body weight
The increasing prevalence of GORD is believed 
to be linked to the global rise in obesity [Dent 
et al. 2005; Locke, et al. 1999; Pandolfino et al. 
2008]. Epidemiological studies show that weight 
gain and/or obesity is a risk factor for GORD 
[Locke et  al. 1999; Murray et  al. 2003; Nilsson 
et al. 2003; Delgado-Aros et al. 2004; Kulig et al. 
2004; Nandurkar et al. 2004; El Serag et al. 2005a; 
Hampel et al. 2005; Jacobson et al. 2006; Corley 
et  al. 2007; Murao et  al. 2011; Eslick, 2012; 
Pandeya et  al. 2012]. There is a dose-response 
relationship between BMI or obesity (defined as 
BMI > 30), GORD symptoms [Jacobson et  al. 
2006] and complications such as erosive 
oesophagitis [El Serag et al. 2005a; Hampel et al. 
2005], Barrett’s oesophagus [El Serag et  al. 
2005b] and oesophageal adenocarcinoma 
[Hampel et  al. 2005]. A UK population-based 
cross-sectional study of 10,537 subjects found 
BMI to be strongly and positively related to the 
frequency of heartburn and acid regurgitation 
symptoms in a dose-response fashion. The odds 
ratio (OR) for heartburn and acid regurgitation 
symptoms occurring at least weekly in overweight 
subjects, compared with those of normal  
BMI, were 1.82 [95% confidence interval (CI): 
1.33–2.50] and 1.50 (95% CI: 1.13–1.99), 
respectively. In obese participants, the corre-
sponding ORs were 2.91 (95% CI: 2.07–4.08) 
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and 2.23 (95% CI: 1.44–3.45), respectively 
[Murray et  al. 2003]. Another study found the 
risk of hospitalization for GORD to increase by 
1.22 for each increment in BMI of 5 [hazard ratio 
(HR) = 1.22 per 5 kg/m2, 95% CI = 1.13–1.32) 
[Ruhl and Everhart, 1999b]. Obesity is also asso-
ciated with increased numbers of reflux events 
and oesophageal acid exposure in pH and mano-
metric studies [Fisher et al. 1999; Wu et al. 2007; 
Ayazi et  al. 2009; Fornari et  al. 2009] and 
increased risk of erosive oesophagitis [Nilsson 
et al. 2002; El Serag et al. 2007; Kang et al. 2007; 
Chung et al. 2008; Nam et al. 2010].

The pathophysiological mechanisms underlying 
the association between obesity and reflux are not 
fully understood. Although increasing BMI was 
associated with oesophageal acid exposure in a 
retrospective study of patients referred for oesoph-
ageal pH monitoring, BMI itself was not an inde-
pendent predictive factor. In contrast, specific 
parameters including reduced lower oesophageal 
sphincter (LOS) pressure, increased intragastric 
pressure and the presence of hiatal hernia were 
thought to be more important contributing factors 
[Burgerhart et  al. 2014]. The extent to which 
mechanical effects explain the association between 
obesity and GORD is uncertain. Other factors 
may also be relevant in GORD pathophysiology 
including: enhanced sensitivity to the presence of 
acid in the oesophagus [Mercer et  al. 1987]; 
increased output of bile and pancreatic enzymes 
caused by vagal abnormalities associated with 
obesity [Wisen et al. 1988], leading to increased 
refluxate toxicity to oesophageal mucosa; and the 
release of metabolic and humoral mediators from 
visceral adipose tissue [Chung et  al. 2008; Nam 
et al. 2010; Tilg and Moschen, 2010].

Advice about weight reduction is a standard part 
of GORD management. A recent report of 30,000 
individuals with symptomatic GORD in the 
HUNT study showed a dose-dependent relation-
ship between weight reduction and improvement 
in reflux symptoms, as well as increased treatment 
success with pharmacologic therapy [Ness-Jensen 
et al. 2013]. In this study, the large general popu-
lation sample was surveyed twice approximately 
10 years apart for health-related items such as 
reflux symptoms, use and type of GORD medica-
tion, and anthropomorphic measures such as 
body weight, height and BMI. For individuals 
with a >3.5 units decrease in BMI, adjusted  
ORs for loss of GORD symptoms ranged from 
1.98 to 3.95 based on the frequency of antireflux 

medication previously required. The correspond-
ing ORs for loss of severe GOR symptoms were 
0.90 and 3.11, respectively [Ness-Jensen et  al. 
2013].

The strengths of this study include its prospective 
design, large sample size and assessment period of 
around 10 years. In addition, the wide selection of 
variables assessed allowed correction for potential 
confounding factors. Weaknesses included the 
potential for selection bias due to loss of partici-
pants to follow up and recall bias due to a recall 
period of only 12 months. Short-term fluctua-
tions in symptoms could not be assessed because 
patients were only surveyed twice in the 10 year 
study period. The authors’ definition of GORD 
symptoms was based only on participants’ report-
ing one of only three responses: ‘no complaints’, 
‘minor complaints’ or ‘severe complaints’. 
Importantly the study only assessed symptoms 
and not endoscopic appearances or physiological 
parameters [Ness-Jensen et al. 2013].

Two uncontrolled prospective cohort studies in 
which patients were encouraged to lose weight 
showed a negative correlation between weight loss 
and reflux symptoms [Fraser-Moodie et al. 1999; 
Singh et  al. 2013]. A US population-based  
study followed 637 individuals over a median of 
10.5 years and found no relation between weight 
change and change in GORD symptoms, but self-
reported height and weight were used in this 
study [Cremonini et al. 2006].

Evidence regarding the effect of weight loss on 
GORD physiological parameters is conflicting. 
When 20 obese patients with GORD were rand-
omized to either a low calorie or an unrestricted 
diet for 6 months, there was no correlation 
between weight reduction and GORD symptoms 
or pH measurements [Kjellin et al. 1996]. A study 
of 32 obese patients by Mathus-Vliegen and col-
leagues showed that weight loss of 9.7% over  
13 weeks significantly decreased upright oesopha-
geal pH < 4 (8.0 versus 5.5%) as well as postpran-
dial reflux episodes (49 versus 32) [Mathus-Vliegen 
et al. 2003].

Reports on the effect of bariatric surgery on 
GORD have not been clear cut [Morino et  al. 
1997; Ovrebo et  al. 1998; Westling et  al. 1998; 
Dixon and O’Brien, 1999; Frigg et al. 2004; Perry 
et  al. 2004]. This partly reflects the different 
operations involved. Indeed, gastric banding may 
be expected to exacerbate reflux symptoms.
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Waist circumference may be relevant in the 
pathophysiology of GORD, independent of 
BMI. In a large cross-sectional study of 80,000 
subjects, waist circumference was associated 
with increased risk of reflux symptoms, inde-
pendent of BMI [Corley et al. 2007]. A study of 
582 patients referred for physiological investiga-
tion of typical GORD symptoms found an asso-
ciation between increased waist circumference 
and oesophageal dysfunction (reduced LOS 
pressure and abdominal LOS length), increased 
acid exposure and reflux symptoms [Anggiansah 
et al. 2013].

Smoking
Epidemiological studies, mostly population-
based, suggest that smoking is a risk factor for 
GORD. Questionnaire studies reported a signifi-
cant association between smoking and reflux 
symptoms [Chattopadhyay et al. 1977; Tibbling 
et al. 1995; Watanabe et al. 2003; Fujiwara et al. 
2011]. Multivariate analysis from a case-control 
study of 3153 patients with severe heartburn or 
regurgitation revealed that the risk of reflux 
symptoms was significantly increased by 70% 
among daily smokers with a greater than 20-year 
tobacco use history compared with nonsmokers 
(OR 1.7, 95% CI 1.5–1.9) [Nilsson et al. 2004]. 
A recent monozygotic co-twin control study that 
adjusted for the potential effects of genetic pre-
disposition and nongenetic familial effects found 
that smoking was a risk factor for frequent reflux 
symptoms [Zheng et  al. 2007]. In contrast, an 
Australian study of 1580 subjects by Pandeya 
and colleagues showed no significant associations 
between GORD symptoms and smoking 
[Pandeya et al. 2012].

A number of mechanisms may account for the 
association between smoking and reflux. Smoking 
prolongs oesophageal acid clearance [Kahrilas 
and Gupta, 1989] and reduces LOS pressure 
[Stanciu and Bennett, 1972; Dua et  al. 1998], 
although this normalizes within minutes after fin-
ishing a cigarette [Stanciu and Bennett, 1972]. 
Abrupt increases in intra-abdominal pressure 
during coughing or deep inspiration are also asso-
ciated with reflux symptoms in smokers [Kahrilas 
and Gupta, 1990]. Physiological studies assessing 
oesophageal pH or acid exposure report incon-
sistent results: smokers did not exhibit increased 
acid exposure time [Berenson et  al. 1987; Pehl 
et  al. 1997b; Smit et  al. 2001] but experienced 
more ‘reflux episodes’ [Schindlbeck et al. 1987].

Several studies addressed the effect of smoking and 
its cessation on physiological parameters. 
Schindlbeck and colleagues compared 30 healthy 
volunteers, half of whom were smokers, with  
10 smokers with GORD and found that, although 
smokers had more reflux episodes than nonsmok-
ers, 24-hour smoking cessation did not reduce the 
total oesophageal acid exposure [Schindlbeck et al. 
1987]. In another study, 8 male GORD patients 
underwent 24-hour oesophageal pH monitoring 
while smoking at least 20 cigarettes. The protocol 
was repeated the following day with patients 
abstaining. Cessation of smoking decreased the 
number of daily reflux episodes, but did not signifi-
cantly affect total oesophageal acid exposure 
[Waring et  al. 1989]. Although neither investiga-
tion demonstrated improved GORD symptoms, 
both were limited by very small sample sizes and 
only studied the immediate effects of smoking ces-
sation. Kadakia and colleagues found that smoking 
after a 48-hour period of abstinence significantly 
increased acid exposure time [Kadakia et al. 1995].

The HUNT study, referred to earlier, showed 
that smoking cessation markedly improved reflux 
symptoms. Stopping or reducing smoking resulted 
in an almost two-fold improvement in severe 
symptoms (OR 1.78, 95% CI 1.07–2.97) in indi-
viduals with normal BMI taking weekly antacids 
medication, compared with those who continued 
to smoke [Ness-Jensen et al. 2014].

Alcohol
There are several possible reasons why alcohol 
may exacerbate GORD. It may increase acid 
secretion through gastrin stimulation, reduce 
LOS pressure, increase spontaneous LOS relaxa-
tions, or impair oesophageal motility and gastric 
emptying [Bujanda, 2000].

Alcohol intake has been documented to cause 
reflux symptoms and decrease oesophageal pH in 
healthy subjects without GORD [Kaufman and 
Kaye, 1978; Vitale et  al. 1987; Rubinstein et  al. 
1993]. For example, Kaufman and Kaye gave  
12 healthy individuals modest quantities of 100 
proof vodka or water before 3 hours of continu-
ous distal oesophageal pH monitoring. After alco-
hol, 11/12 subjects had increased numbers of 
reflux episodes and mean reflux scores [Kaufman 
and Kaye, 1978]. However, another challenge 
study reported normal 24-hour pH measure-
ments following red wine consumption [Grande 
et al. 1997].
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In contrast, Australian [Pandeya et  al. 2012], 
American [Talley et al. 1994] and multinational 
[Stanghellini, 1999] cross-sectional studies 
showed no association between alcohol consump-
tion and GORD symptoms. Similarly Nilsson and 
colleagues examined data from two consecutive 
Norwegian public health surveys and did not find 
alcohol to be a risk factor for reflux symptoms 
[Nilsson et  al. 2004]. Interestingly Shapiro and 
colleagues, who reported similar results, docu-
mented that alcohol was associated with reduced 
perception of reflux events [Shapiro et al. 2007]. 
A recent observational study by Reding and  
colleagues showed binge drinking, defined as  
⩾4 alcohol-containing drinks per day not to be 
associated with heartburn in women with irritable 
bowel syndrome (IBS). Since there was a positive 
association with other gastrointestinal (GI) symp-
toms, the lack of association with heartburn is 
unlikely to be caused by underreporting of symp-
toms. Moderate prior day alcohol consumption 
(2–3 drinks) was associated with a reduced risk of 
heartburn in the non-IBS control group (OR 0.2, 
95% CI 0.1–0.8), although there was no dose-
dependent response [Reding et al. 2013].

Other randomized and cross-sectional studies 
suggest that alcohol is an independent risk factor 
for symptomatic GORD [O’Leary et  al. 2003; 
Rosaida and Goh, 2004; Wang et al. 2004]. In a 
cross-sectional study of 87 oesophagitis patients, 
alcohol consumption was 294.2 ± 73.4 g/week in 
the 23 symptomatic individuals compared with 
(53.2 ± 13.4) g/week in the 64 asymptomatic par-
ticipants [Nozu and Komiyama, 2008]. A Chinese 
study of over 2500 subjects demonstrated an 
association between chronic excessive alcohol 
abuse and GORD: reflux symptoms occurred in 
43% of heavy (⩾210 g/week) alcohol users com-
pared with 16% of nondrinkers (OR 2.85, 95% 
CI 1.67–4.49; p < 0.01) [Wang et al. 2004].

Diet
Many patients and physicians associate reflux symp-
toms with specific dietary factors [Oliveria et  al. 
1999; Bolin et al. 2000]. Clinical and experimental 
studies also show that certain foods and drinks may 
induce or worsen parameters such as LOS pressure 
and oesophageal acid exposure [Becker et al. 1989; 
Hills and Aaronson, 1991; Murphy and Castell, 
1988]. Accordingly patients are often advised to 
avoid these foods. However, the exact effects of die-
tary components on GORD symptoms and reflux 
parameters are difficult to work out.

Carbonated drinks. In a questionnaire study of 
almost 400 GORD patients, citrus juice, carbon-
ated soft drinks, alcohol, coffee and tea were cited 
as heartburn precipitants [Feldman and Barnett, 
1995]. While these beverages are acidic, they may 
contribute to heartburn in other ways. Bernstein 
test-positive patients were still highly sensitive to 
intraoesophageal infusions of orange juice even 
after the pH was adjusted to 7, suggesting that 
they are not just sensitive to a low pH [Price et al. 
1978]. Citrus drinks did not reduce LOS pressure 
in patients with heartburn and actually increased 
pressure in asymptomatic controls [Cranley et al. 
1986].

Carbonated soft drink consumption was predic-
tive of nocturnal heartburn in a multivariate anal-
ysis of 15,314 US subjects (OR 1.31, 95% CI 
1.16–1.48) [Fass et al. 2005]. A study of healthy 
individuals by Crookes and colleagues, available 
only in abstract form, found no difference in LOS 
pressure with ingestion of carbonated water, caf-
feinated cola, or caffeine-free cola compared with 
water ingestion. Based on these findings, the 
authors suggested gas, rather than caffeine con-
tent or pH, as the causative factor.

Caffeine. Large epidemiological studies found no 
association between coffee consumption and 
GORD [Stanghellini, 1999; Wang et  al. 2004; 
Pandeya et  al. 2012]. A large Norwegian case-
control study even demonstrated a negative asso-
ciation between coffee and risk of reflux symptoms 
[Nilsson et al. 2004]. Both caffeinated and decaf-
feinated coffee increase LOS pressure [Cohen 
and Booth, 1975; Cohen, 1980]. In contrast, 
another study revealed increased LOS pressure in 
both normal volunteers and reflux oesophagitis 
after coffee consumption [Thomas et  al. 1980]. 
Pehl and colleagues found that decaffeinated cof-
fee was associated with reduced acid exposure 
time compared with caffeinated coffee [Pehl et al. 
1997a].

The heterogeneity of the available literature may 
be explained by different varieties of coffee and 
different processing methods. The effect of coffee 
on GORD may also vary depending on whether 
coffee is consumed with food or on an empty 
stomach. When 10 healthy volunteers were given 
coffee in the fasting state, no significant changes 
in LOS pressure were observed compared with a 
decrease when coffee was taken after a test meal. 
Consumption of the test meal alone also reduced 
LOS pressure, suggesting that GORD symptoms 
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after coffee may reflect the effect of a previous 
meal on LOS pressure [Salmon et al. 1981].

Dietary fat. Although patients with GORD are 
often advised to reduce dietary fat intake, data 
regarding the effect of fat ingestion on GORD 
symptoms and physiological parameters are lim-
ited and inconsistent. Fox and colleagues reported 
that reflux symptom frequency increased in 15 
patients with reflux symptoms after a high fat 
meal, this effect being unaffected by calorie den-
sity. A prospective study of 89 women during the 
third trimester of pregnancy showed that con-
sumption of polyunsaturated or monounsaturated 
fatty acids was higher in those with heartburn than 
those without [Dall’Alba et al. 2010].

In an epidemiological study of 12,349 individuals 
over a median of 18.5 years, Ruhl and Everhart 
found no association between fat intake and reflux 
disease hospitalization [Ruhl and Everhart, 
1999a]. However, hospitalization is rarely 
required for GORD.

Shapiro and colleagues showed that fat consump-
tion induced reflux events in 50 subjects with 
heartburn [Shapiro et al. 2007]. Nebel and Castell 
found that fatty meals decreased LOS pressure in 
10 healthy male volunteers compared with pro-
tein meals of equivalent caloric value, which 
increased LOS pressure [Nebel and Castell, 
1973]. Iwakari and colleagues demonstrated that 
a high fat meal significantly increased oesopha-
geal acid exposure time in the 3 hour postprandial 
period compared with a low fat meal in 20 healthy 
individuals [Iwakiri et  al. 1996b]. Notably, the 
difference was not significant in the first or third 
hours postprandially and only reached signifi-
cance in the second hour [Iwakiri et al. 1996a]. In 
contrast, Becker and colleagues found that the fat 
content of a meal was not significantly associated 
with oesophageal pH abnormalities in either 
GORD patients or healthy volunteers [Becker 
et al. 1989]. Penagini and colleagues compared a 
high fat (52% fat) with a balanced (24% fat) meal 
in both 13 normal subjects and 14 GORD 
patients, and found that the fat content of the 
meal did not affect the rate of reflux, oesophageal 
acid exposure, transient LOS relaxation rate or 
basal LOS pressure [Penagini et al. 1998]. A simi-
lar study by Pehl and colleagues in 12 healthy 
individuals also found no differences in reflux 
parameters after high or low fat meals [Pehl et al. 
1999]. Fox and colleagues reported that oesopha-
geal acid exposure increased after a high calorie 

meal, but was unaffected by the fat content of the 
meal [Fox et  al. 2007]. The authors concluded 
that calorie content rather than fat content deter-
mines the extent of oesophageal acid exposure. 
Fat content, in contrast, does not worsen oesoph-
ageal acid exposure, but may heighten patient 
sensitivity.

Spicy food. Spicy foods were cited by 88% of 
patients with GORD symptoms as a heartburn 
precipitant [Nebel et al. 1976]. Despite this, lim-
ited data exist for the effects of spicy food on 
GORD physiological variables. Onions increased 
the number of reflux episodes and oesophageal 
acid exposure time in GORD patients compared 
with controls in a small study of 32 individuals 
[Allen et  al. 1990]. Ingestion of curry induced 
reflux symptoms in both GORD patients and 
healthy volunteers. Additionally, it also exacer-
bated pathological reflux in patients with GORD 
[Lim et  al. 2011]. In contrast, a cross-sectional 
study by Pandeya and colleagues showed no asso-
ciation between spicy food consumption and 
GORD symptoms [Pandeya et al. 2012].

Meals
Late meals. American College of Gastroenterol-
ogy guidelines recommend that patients refrain 
from eating within 3 hours of sleeping [DeVault 
and Castell, 2005]. Although pathophysiological 
principles suggest that late evening meals should 
exacerbate GORD, this has not been well 
studied.

Two studies showed different effects of evening 
meal timing on 24-hour intragastric acidity. 
Duroux and colleagues observed lower intragas-
tric pH between midnight and 7 a.m. after late 
meals (9 p.m.) compared with earlier meals (6 
p.m.) [Duroux et al. 1989]. In contrast, Lanzon-
Miller and colleagues found that intragastric acid-
ity was unaffected by the timing of the evening 
meal [Lanzon-Miller et al. 1990]. A case-control 
study showed a relationship between shorter din-
ner-to-bedtime and the risk of GORD, whether 
erosive or nonerosive, the OR for GORD patients 
who ate less than 3 hours before sleeping being 
7.45 (95% CI 3.38–16.4) [Fujiwara et al. 2005].

In a prospective, randomized unblinded crossover 
trial, 32 patients with reflux symptoms consumed 
a standardized, refluxogenic meal with high fat 
content, along with a caffeinated carbonated bev-
erage, to exaggerate any therapeutic effect, either 
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6 or 2 hours before going to bed for 2 consecutive 
nights. A significantly greater percentage supine 
time pH <4 was observed in the late evening meal 
group, especially in overweight patients 
(25 ⩽ BMI ⩽ 29.9) or those with endoscopy-diag-
nosed oesophagitis or hiatal hernia [Piesman et al. 
2007]. A cohort of 337 consecutive erosive reflux 
disease (ERD) and nonerosive reflux disease 
(NERD) patients were followed up over 12 
months to determine the risk factors related to 
GORD recurrence, defined by reflux symptoms 
requiring additional medication after initial recov-
ery with 4–8 weeks of proton pump inhibitor 
(PPI) treatment. Sleeping within 3 hours of eat-
ing was the most significant independent factor 
associated with GORD recurrence. In contrast, 
many commonly cited GORD risk factors such as 
smoking, obesity or the presence of hiatal hernia 
were not significantly associated with recurrence 
[Yang et al. 2014].

Volume of meals. Most reflux episodes occur 
within the first 3 hours after eating [Dent et al. 
1980], possibly as a result of gastric distension 
[Holloway et  al. 1985]. Patients complaining of 
heartburn or regurgitation are therefore often 
advised to avoid large meals. Wu examined the 
effects of meal volume and frequency on reflux 
parameters and symptoms. A total of 15 GORD 
patients with heartburn were studied twice each 
in random order. On one day they consumed a 
600 ml liquid test meal 3 times, and on the other 
they received six smaller 300 ml meals. On the 
smaller meals regimen there were fewer reflux 
episodes, less oesophageal acid exposure and 
fewer reflux symptoms [Wu, 2014].

Head of bed elevation/postural measures
Gastro-oesophageal reflux should occur more in 
the supine compared with an upright position due 
to the effect of gravity. Hence, GORD patients are 
traditionally advised to sleep propped up. Stanciu 
and Bennett studied the effect of head of bed ele-
vation using 28 cm blocks in 63 patients with 
heartburn and acid regurgitation. Patients who 
slept with the head of bed elevated experienced 
significantly fewer reflux episodes, shorter reflux 
episodes and fewer reflux symptoms, and demon-
strated faster acid clearance compared with those 
lying flat [Stanciu and Bennett, 1977]. In another 
study of nocturnal lower oesophageal acid expo-
sure, Hamilton and colleagues reported that, 
although head of bed elevation using 8 inch blocks 
improved exposure time and clearance, 

the difference was not statistically significant. In 
contrast, sleeping on a wedge was associated with 
significantly less oesophageal acid exposure. 
Neither head of bed elevation nor the wedge 
affected the number of reflux episodes [Hamilton 
et  al. 1988]. Harvey and colleagues compared 
head of bed elevation using 20 cm blocks with the 
use of ranitidine 150 mg twice daily in the treat-
ment of 71 patients with endoscopically proven 
severe oesophagitis. Head of bed elevation was as 
effective in controlling symptoms as ranitidine; 
over a 6-week period both treatments improved 
heartburn but not epigastric pain compared with 
the control group [Harvey et al. 1987].

Khan and colleagues evaluated the effect of head 
of bed elevation on GORD symptoms and lower 
oesophageal acid exposure using ambulatory pH 
monitoring. A total of 24 patients with sympto-
matic GORD who exhibited nocturnal reflux in a 
24 hour pH study were included. In a 7 day pro-
tocol, patients slept on beds with the head end 
elevated by 20 cm blocks from days 2 to 7. 
Baseline pH was measured on day 1, with testing 
repeated on days 2 and 7 with the head of the bed 
elevated. Lower oesophageal acid exposure with 
the head of bed elevated was reduced from base-
line in terms of mean acid exposure time, acid 
clearance and the number of refluxes >5 minutes. 
Sleep disturbances improved in 13 patients. 
However, symptom improvement was difficult to 
assess without a control group [Khan et al. 2012].

Left lateral versus right lateral decubitus 
position
Sleeping in the left lateral decubitus position 
improves nocturnal oesophageal pH time <4, 
oesophageal acid clearance and refluxate compo-
sition compared with lying in the right lateral posi-
tion [Katz et  al. 1994; Shay et  al. 1996; Kapur 
et al. 1998; Khoury et al. 1999]. The reasons for 
this effect are not clear. There were no significant 
differences in mean resting LOS pressure [Babka 
et al. 1973] or transient LOS relaxation frequency 
in either position [Kapur et al. 1998]. The relative 
position of the gastro-oesophageal junction to the 
air–fluid interface may be important and barium 
studies suggest that this junction lies above the 
level of gastric acid in the left lateral position [Shay 
et al. 1996]. However, it would be a challenge for 
patients to implement this lifestyle modification.

Datta and colleagues performed 24-hour ambula-
tory pH monitoring in 15 male patients with 
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NERD and pathological upright but not supine 
reflux. They made 30-minute recordings 3 hours 
or more after the last meal with patients adopting 
various postures in a randomized order: supine; 
supine with 30 degrees head end elevated; upright; 
and right and left lateral recumbent positions. 
Oesophageal acid exposure and reflux episode 
duration was significantly lower in supine 
(p < 0.05) and supine with 30 degrees head end 
elevated (p < 0.005) compared with the other 
positions [Datta et  al. 2011]. These results are 
unexpected because the supine position is conven-
tionally thought to exacerbate reflux, whereas the 
left lateral decubitus position had been reported to 
help reduce symptoms. These studies were per-
formed on patients with upright reflux and NERD, 
in whom the predominant underlying pathophysi-
ology is thought to be transient lower oesophageal 
relaxations. The results are therefore probably not 
applicable to patients with nocturnal or biposi-
tional symptoms in whom the predominant patho-
physiology is thought to be reduced LOS pressure 
and hiatus hernia [Dent, 1998].

Physical activity
Everyday clinical experience indicates that vigor-
ous exercise exacerbates reflux symptoms. 
Consistent with this, pH monitoring studies have 
shown that strenuous exertion such as running 
provokes GORD [Clark et al. 1989; Kraus et al. 
1990]. For example, Clark and colleagues 
reported that 1 hour of strenuous exercise induced 
physiological reflux in 12 normal subjects, wors-
ened by eating prior to exercise [Clark et al. 1989]. 
However, large Japanese, Norwegian and German 
population health surveys revealed higher preva-
lence rates of GORD symptoms in physically 
inactive subjects [Nilsson et al. 2004; Nocon et al. 
2006; Murao et al. 2011]. Exercise for 30 minutes 
or more at least once per week reduced the risk of 
reflux symptoms, with once weekly sessions asso-
ciated with a 50% decreased risk compared with 
individuals who never did any physical exercise of 
at least 30 minutes duration each week (OR 0.5, 
95% CI 0.4–0.7) [Nilsson et al. 2004]. It is pos-
sible that this apparent association may be may be 
confounded by other related risk factors such as 
high BMI. A more recent multicentre Pakistani 
cross-sectional study of 1875 individuals showed 
that regular post dinner walking was associated 
with less GORD symptoms compared with lying 
posture after eating (walking: OR 0.66, 95% CI 
0.5–0.88) [Karim et al. 2011]. However, post din-
ner sitting was also associated with reduced 

symptoms compared with lying, albeit with lower 
risk reduction than walking. The investigators did 
not compare the risks of reflux in subjects who 
reported post dinner sitting and walking [Karim 
et al. 2011].

Discussion
Since acid suppression is effective and safe, life-
style measures are currently not fashionable and 
not emphasized by most doctors. GORD is a 
chronic condition which often requires long-term 
medication. The cost and potential side effects of 
long-term pharmacologic therapy increases the 
importance of considering lifestyle interventions 
since these measures may reduce the need for 
acid suppression.

Conflicting results exist for the association 
between smoking, alcohol and various dietary 
factors in the development of GORD. These 
inconsistencies are due in part to differences in 
methodology. For example, while much data are 
available regarding the effect of smoking and 
tobacco use on symptoms of GORD, reports on 
the effect of fatty foods on GORD are mostly 
acute physiological rather than epidemiological 
studies. This could be because fat intake is diffi-
cult to study in everyday life. Inconsistent find-
ings relating to alcohol and GORD may be 
explained by the different effects of various alco-
holic beverages such as beer, wine or spirits. 
Equivocal findings may also be due to different 
definitions. For example, GORD has been defined 
by symptoms, pathophysiologic parameters or 
endoscopic findings. The frequency of symptoms 
used to define GORD varies from twice weekly 
[Watanabe et al. 2003] to once per year [Nilsson 
et al. 2004]. A standardized system of assessment 
of reflux symptoms would help meaningful com-
parisons between studies.

Even if a lifestyle variable is associated with 
GORD, modification of that variable may not 
necessarily resolve the situation. For example, the 
effect of weight loss on GORD is conflicting, 
which is perhaps not unexpected since high BMI 
itself is associated with other GORD risk factors 
such as hiatal hernia, which do not improve after 
weight loss. In this way, being overweight can 
increase the risk of reflux but weight loss may 
have only a limited therapeutic effect. Acute life-
style changes used in many protocols may not 
produce the same effects as long-term modifica-
tion required for GORD management.
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Studies on the effect of lifestyle modifications on 
physiological reflux parameters generally involve 
small number of subjects and are hence prone to 
type 2 statistical errors. While a number of dietary 
components are reported to precipitate reflux 
symptoms and patients are often advised to 
abstain from these items, few cessation studies 
have been performed. Even if particular dietary 
items cause symptomatic GORD and physiologi-
cal changes, such findings may not necessarily be 
confirmed by food questionnaire studies which 
can falsely report nonassociations if patients 
actively avoid these food items.

Notwithstanding these limitations, this review 
allows us to draw several conclusions regarding 
the use of lifestyle measures in the management 
of GORD. Much data confirm an association 
between smoking and high BMI on GORD and 
the beneficial effects of weight reduction and 
smoking cessation on GORD symptoms. Eating 
habits and head of bed elevation have also been 
shown to be beneficial, although studies included 
small numbers of patients. In contrast, while there 
are data linking use of alcohol and particular die-
tary ingredients on GORD symptoms and patho-
physiology, cessation studies are seldom carried 
out and there is limited evidence for a beneficial 
effect of avoidance of these dietary ingredients.

Lifestyle measures may negatively impact on the 
quality of life. For example, patients may enjoy 
drinking alcohol, eating late meals and consum-
ing fatty foods. This potential negative effect of 
lifestyle changes on quality of life has not been 
examined. However, even if particular lifestyle 
interventions are only slightly effective, they may 
have beneficial effects beyond GORD. For exam-
ple, smoking cessation and weight reduction 
improve general health and are beneficial for 
many medical conditions.

In conclusion, although many lifestyle and dietary 
factors are commonly cited as GORD risk fac-
tors, the evidence base is limited. Much data link 
smoking and high BMI to GORD symptoms and 
physiological parameters. The large, population-
based HUNT study showed that weight reduc-
tion and smoking cessation is beneficial in 
reducing GORD symptoms. GORD patients 
should therefore be strongly advised to stop 
smoking and those with a high BMI to lose weight. 
Eating habits such as small meals, early meals and 
elevation of the head of the bed are troublesome 
to implement and may adversely affect the quality 

of life. However, there is evidence, albeit limited, 
regarding their efficacy and these measures should 
be advocated when reflux symptoms are 
bothersome.

In contrast, evidence regarding the role of alcohol 
in the pathogenesis of GORD is conflicting and 
there is insufficient evidence to conclusively rec-
ommend cessation. There are variable amounts of 
anecdotal and experimental evidence regarding 
GORD symptom provocation for coffee, greasy 
food, spicy food, mint and chocolate. When 
GORD symptoms are troublesome, avoidance of 
these items would seem sensible as long as the 
decrease in quality of life through withdrawal of 
these items is commensurate with the extent of 
symptom reduction. It should be remembered 
that there is little or no evidence for a detrimental 
effect of these items on GORD itself, but only an 
effect on symptoms.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare no conflict of interest in pre-
paring this article.

References
Allen, M., Mellow, M., Robinson, M. and Orr, W. 
(1990) The effect of raw onions on acid reflux and 
reflux symptoms. Am J Gastroenterol 85: 377–380.

Anggiansah, R., Sweis, R., Anggiansah, A., Wong, 
T., Cooper, D. and Fox, M. (2013) The effects of 
obesity on oesophageal function, acid exposure and 
the symptoms of gastro-oesophageal reflux disease. 
Aliment Pharmacol Ther 37: 555–563.

Ayazi, S., Hagen, J., Chan, L., DeMeester, S., 
Lin, M., Ayazi, A. et al. (2009) Obesity and 
gastroesophageal reflux: quantifying the association 
between body mass index, esophageal acid exposure, 
and lower esophageal sphincter status in a large series 
of patients with reflux symptoms. J Gastrointest Surg 
13: 1440–1447.

Babka, J., Hager, G. and Castell, D. (1973) The 
effect of body position on lower esophageal sphincter 
pressure. Am J Dig Dis 18: 441–442.

Becker, D., Sinclair, J., Castell, D. and Wu, W. 
(1989) A comparison of high and low fat meals 
on postprandial esophageal acid exposure. Am J 
Gastroenterol 84: 782–786.



Therapeutic Advances in Chronic Disease 6(2) 

60 http://taj.sagepub.com

Berenson, M., Sontag, S., Robinson, M. and 
McCallum, R. (1987) Effect of smoking in 
a controlled study of ranitidine treatment in 
gastroesophageal reflux disease. J Clin Gastroenterol 9: 
499–503.

Bolin, T., Korman, M., Hansky, J. and Stanton, R. 
(2000) Heartburn: community perceptions.  
J Gastroenterol Hepatol 15: 35–39.

Bujanda, L. (2000) The effects of alcohol 
consumption upon the gastrointestinal tract. Am J 
Gastroenterol 95: 3374–3382.

Burgerhart, J., Van De Meeberg, P., Siersema, P. and 
Smout, A. (2014) Nocturnal and daytime esophageal 
acid exposure in normal-weight, overweight, 
and obese patients with reflux symptoms. Eur J 
Gastroenterol Hepatol 26: 6–10.

Chattopadhyay, D., Greaney, M. and Irvin, T. (1977) 
Effect of cigarette smoking on the lower oesophageal 
sphincter. Gut 18: 833–835.

Chung, S., Kim, D., Park, M., Kim, Y., Kim, J., 
Jung, H. et al. (2008) Metabolic syndrome and 
visceral obesity as risk factors for reflux oesophagitis: 
a cross-sectional case-control study of 7078 Koreans 
undergoing health check-ups. Gut 57: 1360–1365.

Clark, C., Kraus, B., Sinclair, J. and Castell, D. 
(1989) Gastroesophageal reflux induced by exercise in 
healthy volunteers. JAMA 261: 3599–3601.

Cohen, S. (1980) Pathogenesis of coffee-induced 
gastrointestinal symptoms. N Engl J Med 303: 
122–124.

Cohen, S. and Booth, G., Jr. (1975) Gastric acid 
secretion and lower-esophageal-sphincter pressure in 
response to coffee and caffeine. N Engl J Med 293: 
897–899.

Corley, D., Kubo, A. and Zhao, W. (2007) 
Abdominal obesity, ethnicity and gastro-oesophageal 
reflux symptoms. Gut 56: 756–762.

Cranley, J., Achkar, E. and Fleshler, B. (1986) 
Abnormal lower esophageal sphincter pressure 
responses in patients with orange juice-induced 
heartburn. Am J Gastroenterol 81: 104–106.

Cremonini, F., Locke, G., III, Schleck, C., 
Zinsmeister, A. and Talley, N. (2006) Relationship 
between upper gastrointestinal symptoms and 
changes in body weight in a population-based cohort. 
Neurogastroenterol Motil 18: 987–994.

Dall’Alba, V., Fornari, F., Krahe, C., Callegari-
Jacques, S. and Silva de Barros, S. (2010) Heartburn 
and regurgitation in pregnancy: the effect of fat 
ingestion. Dig Dis Sci 55: 1610–1614.

Datta, K., Rahalkar, K., Dubey, D. and Prasad, B. 
(2011) The effect of posture on esophageal pH in 
endoscopy normal reflux disease (ENRD) cases. 
Indian J Physiol Pharmacol 55: 315–321.

Delgado-Aros, S., Locke, G., III, Camilleri, M., 
Talley, N., Fett, S., Zinsmeister, A. and Melton, L., 
III (2004) Obesity is associated with increased risk of 
gastrointestinal symptoms: a population-based study. 
Am J Gastroenterol 99: 1801–1806.

Dent, J. (1998) Gastro-oesophageal reflux disease. 
Digestion 59: 433–445.

Dent, J., Brun, J., Fendrick, A., Fennerty, M., 
Janssens, J., Kahrilas, P. et al. (1999) An evidence-
based appraisal of reflux disease management–the 
Genval Workshop Report. Gut 44(Suppl. 2): S1–S16.

Dent, J., Dodds, W., Friedman, R., Sekiguchi, T., 
Hogan, W., Arndorfer, R. et al. (1980) Mechanism of 
gastroesophageal reflux in recumbent asymptomatic 
human subjects. J Clin Invest 65: 256–267.

Dent, J., El Serag, H., Wallander, M. and Johansson, 
S. (2005) Epidemiology of gastro-oesophageal reflux 
disease: a systematic review. Gut 54: 710–717.

DeVault, K. and Castell, D. (2005) Updated 
guidelines for the diagnosis and treatment of 
gastroesophageal reflux disease. Am J Gastroenterol 
100: 190–200.

Dixon, J. and O’Brien, P. (1999) Gastroesophageal 
reflux in obesity: the effect of lap-band placement. 
Obes Surg 9: 527–531.

Dua, K., Bardan, E., Ren, J., Sui, Z. and Shaker, R. 
(1998) Effect of chronic and acute cigarette smoking 
on the pharyngo-upper oesophageal sphincter 
contractile reflex and reflexive pharyngeal swallow. 
Gut 43: 537–541.

Duroux, P., Bauerfeind, P., Emde, C., Koelz, H. 
and Blum, A. (1989) Early dinner reduces nocturnal 
gastric acidity. Gut 30: 1063–1067.

El Serag, H., Ergun, G., Pandolfino, J., Fitzgerald, 
S., Tran, T. and Kramer, J. (2007) Obesity increases 
oesophageal acid exposure. Gut 56: 749–755.

El Serag, H., Graham, D., Satia, J. and Rabeneck, 
L. (2005a) Obesity is an independent risk factor 
for GERD symptoms and erosive esophagitis. Am J 
Gastroenterol 100: 1243–1250.

El Serag, H., Kvapil, P., Hacken-Bitar, J. and Kramer, 
J. (2005b) Abdominal obesity and the risk of Barrett’s 
esophagus. Am J Gastroenterol 100: 2151–2156.

Eslick, G. (2012) Gastrointestinal symptoms and 
obesity: a meta-analysis. Obes Rev 13: 469–479.

Fass, R., Quan, S., O’Connor, G., Ervin, A. and Iber, 
C. (2005) Predictors of heartburn during sleep in a 
large prospective cohort study. Chest 127: 1658–1666.

Feldman, M. and Barnett, C. (1995) Relationships 
between the acidity and osmolality of popular 
beverages and reported postprandial heartburn. 
Gastroenterology 108: 125–131.



JH-E Kang and JY Kang

http://taj.sagepub.com 61

Fisher, B., Pennathur, A., Mutnick, J. and Little, 
A. (1999) Obesity correlates with gastroesophageal 
reflux. Dig Dis Sci 44: 2290–2294.

Fornari, F., Madalosso, C., Callegari-Jacques, S. 
and Gurski, R. (2009) Heartburn during sleep: a 
clinical marker of gastro-oesophageal reflux disease in 
morbidly obese patients. Neurogastroenterol Motil 21: 
136–142.

Fox, M., Barr, C., Nolan, S., Lomer, M., Anggiansah, 
A. and Wong, T. (2007) The effects of dietary fat and 
calorie density on esophageal acid exposure and reflux 
symptoms. Clin Gastroenterol Hepatol 5: 439–444.

Fraser-Moodie, C., Norton, B., Gornall, C., Magnago, 
S., Weale, A. and Holmes, G. (1999) Weight loss 
has an independent beneficial effect on symptoms 
of gastro-oesophageal reflux in patients who are 
overweight. Scand J Gastroenterol 34: 337–340.

Frigg, A., Peterli, R., Peters, T., Ackermann, C. and 
Tondelli, P. (2004) Reduction in co-morbidities 4 
years after laparoscopic adjustable gastric banding. 
Obes Surg 14: 216–223.

Fujimoto, K. (2004) Review article: prevalence and 
epidemiology of gastro-oesophageal reflux disease in 
Japan. Aliment Pharmacol Ther 20(Suppl. 8): 5–8.

Fujiwara, Y., Kubo, M., Kohata, Y., Machida, H., 
Okazaki, H., Yamagami, H. et al. (2011) Cigarette 
smoking and its association with overlapping 
gastroesophageal reflux disease, functional dyspepsia, or 
irritable bowel syndrome. Intern Med 50: 2443–2447.

Fujiwara, Y., Machida, A., Watanabe, Y., Shiba, M., 
Tominaga, K., Watanabe, T. et al. (2005) Association 
between dinner-to-bed time and gastro-esophageal 
reflux disease. Am J Gastroenterol 100: 2633–2636.

Grande, L., Manterola, C., Ros, E., Lacima, G. 
and Pera, C. (1997) Effects of red wine on 24-hour 
esophageal pH and pressures in healthy volunteers. 
Dig Dis Sci 42: 1189–1193.

Hamilton, J., Boisen, R., Yamamoto, D., Wagner, J. 
and Reichelderfer, M. (1988) Sleeping on a wedge 
diminishes exposure of the esophagus to refluxed acid. 
Dig Dis Sci 33: 518–522.

Hampel, H., Abraham, N. and El Serag, H. 
(2005) Meta-analysis: obesity and the risk for 
gastroesophageal reflux disease and its complications. 
Ann Intern Med 143: 199–211.

Harvey, R., Gordon, P., Hadley, N., Long, D., Gill, 
T., Macpherson, R. et al. (1987) Effects of sleeping 
with the bed-head raised and of ranitidine in patients 
with severe peptic oesophagitis. Lancet 2: 1200–1203.

Henke, C., Levin, T., Henning, J. and Potter, L. 
(2000) Work loss costs due to peptic ulcer disease 
and gastroesophageal reflux disease in a health 
maintenance organization. Am J Gastroenterol 95: 
788–792.

Hills, J. and Aaronson, P. (1991) The mechanism 
of action of peppermint oil on gastrointestinal 
smooth muscle. An analysis using patch clamp 
electrophysiology and isolated tissue pharmacology in 
rabbit and guinea pig. Gastroenterology 101: 55–65.

Ho, K., Cheung, T. and Wong, B. (2006) 
Gastroesophageal reflux disease in Asian countries: 
disorder of nature or nurture? J Gastroenterol Hepatol 
21: 1362–1365.

Holloway, R., Hongo, M., Berger, K. and McCallum, 
R. (1985) Gastric distention: a mechanism for 
postprandial gastroesophageal reflux. Gastroenterology 
89: 779–784.

Iwakiri, K., Kobayashi, M., Kotoyori, M., Yamada, 
H., Sugiura, T. and Nakagawa, Y. (1996a) 
Relationship between postprandial esophageal acid 
exposure and meal volume and fat content. Dig Dis 
Sci 41: 926–930.

Iwakiri, K., Kobayashi, M., Kotoyori, M., Yamada, 
H., Sugiura, T. and Nakagawa, Y. (1996b) 
Relationship between postprandial esophageal acid 
exposure and meal volume and fat content. Dig Dis 
Sci 41: 926–930.

Jacobson, B., Somers, S., Fuchs, C., Kelly, C. and 
Camargo, C., Jr. (2006) Body-mass index and 
symptoms of gastroesophageal reflux in women. N 
Engl J Med 354: 2340–2348.

Kadakia, S., Kikendall, J., Maydonovitch, C. and 
Johnson, L. (1995) Effect of cigarette smoking on 
gastroesophageal reflux measured by 24-h ambulatory 
esophageal pH monitoring. Am J Gastroenterol 90: 
1785–1790.

Kahrilas, P. and Gupta, R. (1989) The effect of 
cigarette smoking on salivation and esophageal acid 
clearance. J Lab Clin Med 114: 431–438.

Kahrilas, P. and Gupta, R. (1990) Mechanisms of 
acid reflux associated with cigarette smoking. Gut 31: 
4–10.

Kaltenbach, T., Crockett, S. and Gerson, L. (2006) 
Are lifestyle measures effective in patients with 
gastroesophageal reflux disease? An evidence-based 
approach. Arch Intern Med 166: 965–971.

Kang, J. (2000) Lifestyle measures and reflux. Aliment 
Pharmacol Ther 14: 1103.

Kang, M., Park, D., Oh, S., Yoo, T., Ryu, S., Park, J. 
et al. (2007) Abdominal obesity is an independent risk 
factor for erosive esophagitis in a Korean population. 
J Gastroenterol Hepatol 22: 1656–1661.

Kapur, K., Trudgill, N. and Riley, S. (1998) 
Mechanisms of gastro-oesophageal reflux in the 
lateral decubitus positions. Neurogastroenterol Motil 10: 
517–522.

Karim, S., Jafri, W., Faryal, A., Majid, S., Salih, M., 
Jafri, F. et al. (2011) Regular post dinner walk; can 



Therapeutic Advances in Chronic Disease 6(2) 

62 http://taj.sagepub.com

be a useful lifestyle modification for gastroesophageal 
reflux. J Pak Med Assoc 61: 526–530.

Katz, L., Just, R. and Castell, D. (1994) Body 
position affects recumbent postprandial reflux. J Clin 
Gastroenterol 18: 280–283.

Kaufman, S. and Kaye, M. (1978) Induction of 
gastro-oesophageal reflux by alcohol. Gut 19:  
336–338.

Khan, B., Sodhi, J., Zargar, S., Javid, G., Yattoo, G., 
Shah, A. et al. (2012) Effect of bed head elevation 
during sleep in symptomatic patients of nocturnal 
gastroesophageal reflux. J Gastroenterol Hepatol 27: 
1078–1082.

Khoury, R., Camacho-Lobato, L., Katz, P., 
Mohiuddin, M. and Castell, D. (1999) Influence of 
spontaneous sleep positions on nighttime recumbent 
reflux in patients with gastroesophageal reflux disease. 
Am J Gastroenterol 94: 2069–2073.

Kjellin, A., Ramel, S., Rossner, S. and Thor, K. 
(1996) Gastroesophageal reflux in obese patients is 
not reduced by weight reduction. Scand J Gastroenterol 
31: 1047–1051.

Kraus, B., Sinclair, J. and Castell, D. (1990) 
Gastroesophageal reflux in runners. Characteristics 
and treatment. Ann Intern Med 112: 429–433.

Kulig, M., Nocon, M., Vieth, M., Leodolter, A., 
Jaspersen, D., Labenz, J. et al. (2004) Risk factors of 
gastroesophageal reflux disease: methodology and first 
epidemiological results of the ProGERD study. J Clin 
Epidemiol 57: 580–589.

Lagergren, J. (2006) Etiology and risk factors for 
oesophageal adenocarcinoma: possibilities for 
chemoprophylaxis? Best Pract Res Clin Gastroenterol 20: 
803–812.

Lanzon-Miller, S., Pounder, R., McIsaac, R. and 
Wood, J. (1990) The timing of the evening meal 
affects the pattern of 24-hour intragastric acidity. 
Aliment Pharmacol Ther 4: 547–553.

Lim, L., Tay, H. and Ho, K. (2011) Curry induces 
acid reflux and symptoms in gastroesophageal reflux 
disease. Dig Dis Sci 56: 3546–3550.

Lim, S., Goh, W., Lee, J., Ng, T. and Ho, K. (2005) 
Changing prevalence of gastroesophageal reflux 
with changing time: longitudinal study in an Asian 
population. J Gastroenterol Hepatol 20: 995–1001.

Locke, G., III, Talley, N., Fett, S., Zinsmeister, A. 
and Melton, L., III (1999) Risk factors associated 
with symptoms of gastroesophageal reflux. Am J Med 
106: 642–649.

Mathus-Vliegen, E., van Weeren, M. and van Eerten, 
P. (2003) Los function and obesity: the impact of 
untreated obesity, weight loss, and chronic gastric 
balloon distension. Digestion 68: 161–168.

Mercer, C., Wren, S., DaCosta, L. and Beck, I. 
(1987) Lower esophageal sphincter pressure and 
gastroesophageal pressure gradients in excessively 
obese patients. J Med 18: 135–146.

Morino, M., Toppino, M. and Garrone, C. (1997) 
Disappointing long-term results of laparoscopic 
adjustable silicone gastric banding. Br J Surg 84: 
868–869.

Murao, T., Sakurai, K., Mihara, S., Marubayashi, T., 
Murakami, Y. and Sasaki, Y. (2011) Lifestyle change 
influences on GERD in Japan: a study of participants 
in a health examination program. Dig Dis Sci 56: 
2857–2864.

Murphy, D. and Castell, D. (1988) Chocolate and 
heartburn: evidence of increased esophageal acid 
exposure after chocolate ingestion. Am J Gastroenterol 
83: 633–636.

Murray, L., Johnston, B., Lane, A., Harvey, I., 
Donovan, J., Nair, P. et al. (2003) Relationship 
between body mass and gastro-oesophageal reflux 
symptoms: the Bristol Helicobacter Project. Int J 
Epidemiol 32: 645–650.

Nam, S., Choi, I., Ryu, K., Park, B., Kim, H. and 
Nam, B. (2010) Abdominal visceral adipose tissue 
volume is associated with increased risk of erosive 
esophagitis in men and women. Gastroenterology 139: 
1902–1911.

Nandurkar, S., Locke, G., III, Fett, S., Zinsmeister, 
A., Cameron, A. and Talley, N. (2004) Relationship 
between body mass index, diet, exercise and gastro-
oesophageal reflux symptoms in a community. Aliment 
Pharmacol Ther 20: 497–505.

Nebel, O. and Castell, D. (1973) Inhibition of the 
lower oesophageal sphincter by fat–a mechanism for 
fatty food intolerance. Gut 14: 270–274.

Nebel, O., Fornes, M. and Castell, D. (1976) 
Symptomatic gastroesophageal reflux: incidence and 
precipitating factors. Am J Dig Dis 21: 953–956.

Ness-Jensen, E., Lindam, A., Lagergren, J. and 
Hveem, K. (2013) Weight loss and reduction in 
gastroesophageal reflux. A prospective population-
based cohort study: the HUNT study. Am J 
Gastroenterol 108: 376–382.

Ness-Jensen, E., Lindam, A., Lagergren, J. and 
Hveem, K. (2014) Tobacco smoking cessation and 
improved gastroesophageal reflux: a prospective 
population-based cohort study: the HUNT study. Am 
J Gastroenterol 109: 171–177.

Nilsson, M., Johnsen, R., Ye, W., Hveem, K. and 
Lagergren, J. (2003) Obesity and estrogen as risk 
factors for gastroesophageal reflux symptoms. JAMA 
290: 66–72.

Nilsson, M., Johnsen, R., Ye, W., Hveem, K. and 
Lagergren, J. (2004) Lifestyle related risk factors in 



JH-E Kang and JY Kang

http://taj.sagepub.com 63

the aetiology of gastro-oesophageal reflux. Gut 53: 
1730–1735.

Nilsson, M., Lundegardh, G., Carling, L., Ye, W. 
and Lagergren, J. (2002) Body mass and reflux 
oesophagitis: an oestrogen-dependent association? 
Scand J Gastroenterol 37: 626–630.

Nocon, M., Labenz, J. and Willich, S. (2006) 
Lifestyle factors and symptoms of gastro-oesophageal 
reflux – a population-based study. Aliment Pharmacol 
Ther 23: 169–174.

Nozu, T. and Komiyama, H. (2008) Clinical 
characteristics of asymptomatic esophagitis. J 
Gastroenterol 43: 27–31.

O’Leary, C., McCarthy, J., Humphries, M., Shanahan, 
F. and Quigley, E. (2003) The prophylactic use of 
a proton pump inhibitor before food and alcohol. 
Aliment Pharmacol Ther 17: 683–686.

Oliveria, S., Christos, P., Talley, N. and Dannenberg, A. 
(1999) Heartburn risk factors, knowledge, and prevention 
strategies: a population-based survey of individuals with 
heartburn. Arch Intern Med 159: 1592–1598.

Ovrebo, K., Hatlebakk, J., Viste, A., Bassoe, H. 
and Svanes, K. (1998) Gastroesophageal reflux in 
morbidly obese patients treated with gastric banding 
or vertical banded gastroplasty. Ann Surg 228: 51–58.

Pandeya, N., Green, A. and Whiteman, D. 
(2012) Prevalence and determinants of frequent 
gastroesophageal reflux symptoms in the Australian 
community. Dis Esophagus 25: 573–583.

Pandolfino, J., Kwiatek, M. and Kahrilas, P. (2008) 
The pathophysiologic basis for epidemiologic trends 
in gastroesophageal reflux disease. Gastroenterol Clin 
North Am 37: 827–43, viii.

Pehl, C., Pfeiffer, A., Wendl, B. and Kaess, H. 
(1997a) The effect of decaffeination of coffee on 
gastro-oesophageal reflux in patients with reflux 
disease. Aliment Pharmacol Ther 11: 483–486.

Pehl, C., Pfeiffer, A., Wendl, B., Nagy, I. and Kaess, 
H. (1997b) Effect of smoking on the results of 
esophageal pH measurement in clinical routine. J Clin 
Gastroenterol 25: 503–506.

Pehl, C., Waizenhoefer, A., Wendl, B., Schmidt, T., 
Schepp, W. and Pfeiffer, A. (1999) Effect of low and 
high fat meals on lower esophageal sphincter motility 
and gastroesophageal reflux in healthy subjects. Am J 
Gastroenterol 94: 1192–1196.

Penagini, R., Mangano, M. and Bianchi, P. (1998) 
Effect of increasing the fat content but not the energy 
load of a meal on gastro-oesophageal reflux and 
lower oesophageal sphincter motor function. Gut 42: 
330–333.

Perry, Y., Courcoulas, A., Fernando, H., 
Buenaventura, P., McCaughan, J. and Luketich, 
J. (2004) Laparoscopic Roux-en-Y gastric bypass 

for recalcitrant gastroesophageal reflux disease in 
morbidly obese patients. JSLS 8: 19–23.

Piesman, M., Hwang, I., Maydonovitch, C. and 
Wong, R. (2007) Nocturnal reflux episodes following 
the administration of a standardized meal. Does 
timing matter? Am J Gastroenterol 102: 2128–2134.

Price, S., Smithson, K. and Castell, D. (1978) Food 
sensitivity in reflux esophagitis. Gastroenterology 75: 
240–243.

Reding, K., Cain, K., Jarrett, M., Eugenio, M. and 
Heitkemper, M. (2013) Relationship between patterns 
of alcohol consumption and gastrointestinal symptoms 
among patients with irritable bowel syndrome. Am J 
Gastroenterol 108: 270–276.

Revicki, D., Wood, M., Maton, P. and Sorensen, S. 
(1998) The impact of gastroesophageal reflux disease 
on health-related quality of life. Am J Med 104: 
252–258.

Rosaida, M. and Goh, K. (2004) Gastro-oesophageal 
reflux disease, reflux oesophagitis and non-erosive 
reflux disease in a multiracial Asian population: 
a prospective, endoscopy based study. Eur J 
Gastroenterol Hepatol 16: 495–501.

Rubinstein, E., Hauge, C., Sommer, P. and 
Mortensen, T. (1993) Oesophageal and gastric 
potential difference and pH in healthy volunteers 
following intake of coca-cola, red wine, and alcohol. 
Pharmacol Toxicol 72: 61–65.

Ruhl, C. and Everhart, J. (1999a) Overweight, 
but not high dietary fat intake, increases risk of 
gastroesophageal reflux disease hospitalization: the 
NHANES I epidemiologic followup study. Annals of 
Epidemiology 9: 424–435.

Ruhl, C. and Everhart, J. (1999b) Overweight, 
but not high dietary fat intake, increases risk of 
gastroesophageal reflux disease hospitalization: the 
NHANES I Epidemiologic Followup Study. First 
National Health and Nutrition Examination Survey. 
Ann Epidemiol 9: 424–435.

Salmon, P., Fedail, S., Wurzner, H., Harvey, R. and 
Read, A. (1981) Effect of coffee on human lower 
oesophageal function. Digestion 21: 69–73.

Schindlbeck, N., Heinrich, C., Dendorfer, A., Pace, 
F. and Muller-Lissner, S. (1987) Influence of smoking 
and esophageal intubation on esophageal pH-metry. 
Gastroenterology 92: 1994–1997.

Shapiro, M., Green, C., Bautista, J., Dekel, 
R., Risner-Adler, S., Whitacre, R. et al. (2007) 
Assessment of dietary nutrients that influence 
perception of intra-oesophageal acid reflux events 
in patients with gastro-oesophageal reflux disease. 
Aliment Pharmacol Ther 25: 93–101.

Shay, S., Conwell, D., Mehindru, V. and Hertz, B. 
(1996) The effect of posture on gastroesophageal 



Therapeutic Advances in Chronic Disease 6(2) 

64 http://taj.sagepub.com

reflux event frequency and composition during 
fasting. Am J Gastroenterol 91: 54–60.

Singh, M., Lee, J., Gupta, N., Gaddam, S., Smith, 
B., Wani, S. et al. (2013) Weight loss can lead 
to resolution of gastroesophageal reflux disease 
symptoms: a prospective intervention trial. Obesity 21: 
284–290.

Smit, C., Copper, M., van Leeuwen, J., Schoots, I. 
and Stanojcic, L. (2001) Effect of cigarette smoking 
on gastropharyngeal and gastroesophageal reflux. Ann 
Otol Rhinol Laryngol 110: 190–193.

Stanciu, C. and Bennett, J. (1972) Smoking and 
gastro-oesophageal reflux. Br Med J 3: 793–795.

Stanciu, C. and Bennett, J. (1977) Effects of posture 
on gastro-oesophageal reflux. Digestion 15: 104–109.

Stanghellini, V. (1999) Relationship between 
upper gastrointestinal symptoms and lifestyle, 
psychosocial factors and comorbidity in the general 
population: results from the Domestic/International 
Gastroenterology Surveillance Study (DIGEST). 
Scand J Gastroenterol Suppl 231: 29–37.

Talley, N., Zinsmeister, A., Schleck, C. and Melton, 
L. III (1994) Smoking, alcohol, and analgesics in 
dyspepsia and among dyspepsia subgroups: lack of an 
association in a community. Gut 35: 619–624.

Thomas, F., Steinbaugh, J., Fromkes, J., Mekhjian, 
H. and Caldwell, J. (1980) Inhibitory effect of 
coffee on lower esophageal sphincter pressure. 
Gastroenterology 79: 1262–1266.

Tibbling, L., Gibellino, F. and Johansson, K. (1995) 
Is mis-swallowing or smoking a cause of respiratory 
symptoms in patients with gastroesophageal reflux 
disease? Dysphagia 10: 113–116.

Tilg, H. and Moschen, A. (2010) Visceral adipose 
tissue attacks beyond the liver: esophagogastric 
junction as a new target. Gastroenterology 139: 
1823–1826.

Vitale, G., Cheadle, W., Patel, B., Sadek, S., Michel, 
M. and Cuschieri, A. (1987) The effect of alcohol 

on nocturnal gastroesophageal reflux. JAMA 258: 
2077–2079.

Wang, J., Luo, J., Dong, L., Gong, J. and Tong, 
M. (2004) Epidemiology of gastroesophageal reflux 
disease: a general population-based study in Xi’an of 
Northwest China. World J Gastroenterol 10:  
1647–1651.

Waring, J., Eastwood, T., Austin, J. and Sanowski, 
R. (1989) The immediate effects of cessation of 
cigarette smoking on gastroesophageal reflux. Am J 
Gastroenterol 84: 1076–1078.

Watanabe, Y., Fujiwara, Y., Shiba, M., Watanabe, 
T., Tominaga, K., Oshitani, N. et al. (2003) Cigarette 
smoking and alcohol consumption associated with 
gastro-oesophageal reflux disease in Japanese men. 
Scand J Gastroenterol 38: 807–811.

Westling, A., Bjurling, K., Ohrvall, M. and 
Gustavsson, S. (1998) Silicone-adjustable gastric 
banding: disappointing results. Obes Surg 8: 467–474.

Wisen, O., Rossner, S. and Johansson, C. (1988) 
Impaired pancreatico-biliary response to vagal 
stimulation and to cholecystokinin in human obesity. 
Metabolism 37: 436–441.

Wu, J., Mui, L., Cheung, C., Chan, Y. and Sung, J. 
(2007) Obesity is associated with increased transient 
lower esophageal sphincter relaxation. Gastroenterology 
132: 883–889.

Wu, K., Rayner, C., Chuah, S., Chiu, Y., Chiu, 
K., Hu, T. et al. (2014) Effect of liquid meals with 
different volumes on gastroesophageal reflux disease. J 
Gastroenterol Hepatol 29: 469–473.

Yang, J., Kang, H., Lee, S., Kim, J., Sung, I., Park, 
H. et al. (2014) Recurrence of gastroesophageal reflux 
disease correlated with a short dinner-to-bedtime 
interval. J Gastroenterol Hepatol 29: 730–735.

Zheng, Z., Nordenstedt, H., Pedersen, N., Lagergren, 
J. and Ye, W. (2007) Lifestyle factors and risk for 
symptomatic gastroesophageal reflux in monozygotic 
twins. Gastroenterology 132: 87–95.

Visit SAGE journals online 
http://taj.sagepub.com

SAGE journals


