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Background: We aimed to determine the prevalence of gastro-
esophageal reflux disease (GERD) and associated risk factors, and
assess quality of life (QoL) in relation to the frequency and severity
of reflux symptoms.

Methods: A random sample of 1000 residents of Western Sydney
were mailed a validated self-report questionnaire. GERD symp-
toms, risk factors, psychologic distress, QoL, and demographics
were measured.

Results: The response rate was 73% (n=672; mean age, 46 y; 52%
female). A total of 78 [12%, 95% confidence interval (CI): 9-14]
had GERD (at least weekly heartburn and/or acid regurgitation).
Independent risk factors for GERD were high cholesterol [odds ratio
(OR) =3.28, 95% CI: 1.42-7.57, P=0.005] and current smoker
(OR=2.47, 95% CI: 1.07-5.70, P=0.03). Anxiety, depression, and
neuroticism were not risk factors. Worse physical functioning was
the only QoL domain associated with GERD (OR=0.98, 95% CI:
0.97-0.99, P=0.006). QoL was significantly impaired regardless of
the severity of GERD for the QoL domains physical function, body
pain, vitality, and social function. The frequency of heartburn and
acid regurgitation were not associated with significantly reduced
QoL domain scores.

Conclusions: Cardiac risk factors (high cholesterol and smoking)
were independently associated with GERD. Increasing GERD
symptom severity is associated with worse QoL scores, whereas
GERD symptom frequency did not impact the QoL scores.
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The epidemiology of gastroesophageal reflux disease
(GERD) is poorly understood with relatively few

studies worldwide1–10; according to the limited studies
available, the annual prevalence of GERD is between 10%
and 23%.11–15 These studies have suggested extensive
variation in GERD prevalence and impact; this may be
related to geographic variation, genetic differences, or the
lack of a standard definition for GERD.2–5 Studies suggest
that GERD is associated with a decreased quality of life
(QoL), reduced work productivity, and enormous costs
to the health care system.6–10 However, there is a lack of
population-based studies that have evaluated QoL among
individual’s with GERD.16–18 Currently, no population-
based data exist on the epidemiology and impact of GERD
in Australia.

We, therefore, conducted a study of GERD in a
representative Australian population sample. We aimed to
determine the prevalence and impact of presumed GERD
in the community, identify risk factors for GERD, and
determine the impact of GERD on QoL in the community.

PATIENTS AND METHODS

Subjects
This study was approved by the University of Sydney

and the Wentworth Area Health Service (WAHS) Ethics
Committees. A total of 1000 adult subjects (Z18 y) were
randomly selected from the electoral rolls of all local
government areas included in the region covered by the
Wentworth Area Health Service.

Individuals from the Nepean catchment area that
consist of a population of 307,787 (7.7% of the Sydney
population) and is socio-demographically very similar to
the Australian population according to 2001 census data,
except that its inhabitants are slightly younger (30 vs. 35
median years) and it has a slightly higher socio-economic
status based on income (A$450 vs. $350 median individual
income per week), respectively. Ethnic status was not
obtained, but the majority would be white based on
Australian Bureau of Statistics data (www.abs.go v.au).
The list of selected subjects was divided into equal numbers
of males (n=500) and females (n=500).Copyright r 2009 by Lippincott Williams & Wilkins
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Methods
A letter was sent to all subjects. This letter outlined the

study and requested participation. Included with the letter
was the validated Chest Pain Questionnaire (CPQ) that also
assessed GERD symptoms. A reminder letter was sent 3 and
6 weeks after the initial mail-out. At week 6, this included
another questionnaire. The survey was closed at 10 weeks. A
prepaid return envelope was included to allow subjects to
return the completed questionnaire. Subjects who indicated
at any point that they did not wish to participate were not
contacted further.

A $1.00 lottery ticket was included with the ques-
tionnaire as a financial incentive to maximize the response
rate. We have shown that financial incentives improve
the initial response rate if they are included with the
questionnaire.19–21 A database linking record numbers to
identifying information (eg, names and addresses) was
stored on an isolated, secured, and password protected
computer.

Of the 1000 people in the general community to whom
we sent the questionnaire, 57 (5.7%) had moved, and were
excluded on that basis. Another 17 (1.7%) were excluded
owing to serious illness, death, or language difficulties,
leaving us with a valid sample receiving the questionnaire
of 926 subjects. By the close of the survey, only 16 subjects
(1.6%) had explicitly refused to participate. The completed
questionnaire was returned by 672 subjects, giving a
response rate of 73% with 52% being female.

SELECTION OF QUESTIONNAIRE ITEMS

Questionnaire
The validated CPQ was developed at Nepean Hospital

to study the epidemiology of chest pain.19,22 It measures
symptoms over the previous 12-month presurvey period;
includes individually validated items from the Gastro-
esophageal Reflux Questionnaire (GERQ).23 The CPQ has
excellent face and content validity, as established by expert
review. The instrument has high test-retest reliability (mean
k 0.73).19,22

Risk Factors Measured
Risk factors assessed included cardiovascular factors

(angina, acute myocardial infarction, diabetes mellitus,
high cholesterol, high blood pressure, and smoking status).
Alcohol consumption and body mass index (BMI) were not
assessed. In addition, psychologic conditions including
anxiety, depression, and neuroticism were evaluated. State
anxiety and depression was measured by the validated
Hospital Anxiety and Depression (HAD) scale.24 Cases of
anxiety and depression were defined by scores Z11.
Neuroticism was measured using the validated 10 item
Eysenck Personality Questionnaire (EPQ).25

QoL
QoL was measured using the validated short form

(SF)-36. The SF-36 consists first, of the physical health
measures, which include the 4 domains [Physical Function-
ing (PF), Role Physical (RP), Bodily Pain (BP), and
General Health Perceptions (GH)], and second, the mental
health measures that include the 4 domains [Vitality (VT),
Social Functioning (SF), Role Emotional (RE), and
Mental Health (MH)]. It has been extensively used and
validated.26,27

Definitions
All conditions of interest were defined in the ques-

tionnaire at the start of each section.

GERD
As defined in the questionnaire, GERD was defined

as heartburn and/or acid regurgitation occurring at least
weekly.23 Any gastroesophageal reflux was defined as any
heartburn or acid regurgitation.

The severity of GERD (past 12mon) was measured as:
mild — can be ignored if I do not think about it.
moderate — cannot be ignored, but does not affect my
life style.
severe — affects my life style.
very severe — markedly affects my life style.

STATISTICAL ANALYSIS
Age-adjusted, sex-specific, and overall age and sex-

adjusted prevalence rates of GERD were obtained. All
P values calculated were 2-tailed; the a level of significance
was set at 0.05. Differences in mean scores were determined
using a t test. Patient demographic and clinical character-
istics have been reported as mean and standard deviation or
confidence interval (CI) for numeric-scaled features and
percentages for discrete characteristics.

Risk factors for GERD were identified using uncondi-
tional logistic regression. Analysis proceeded in 2 steps: (1)
identification of statistically significant and independent
risk factors for GERD within logical domains, and (2)
identification of statistically significant and independent
risk factors for GERD across logical domains. This 2-step
process provides a complete risk factor profile for GERD.
Model identification employed a forward stepwise proce-
dure.

RESULTS

Gastroesophageal Reflux Symptoms
Of all respondents, 367 (55%, 95% CI: 51%-58%)

reported having ever had gastroesophageal reflux symp-
toms. A total of 78 of these individuals (12%, 95% CI:
9%-14%) were classified as having GERD because they
reported at least weekly gastroesophageal reflux symptoms.

The prevalence of any gastroesophageal reflux symp-
toms in males and females was 57% (95% CI: 51%-62%)
and 54% (95% CI: 49%-60%), respectively (men vs.
women, P=0.01). There were sex differences by age. Both
males and females showed an increasing prevalence of any
reflux symptoms with increasing age until the age of 50
years. In those over 70 years, females had a higher rate
of symptoms [aged >70 females (8%) vs. males (3%),
P<0.0001] (Fig. 1). Of those with gastroesophageal reflux
symptoms, the severity rating was most often moderate
(cannot be ignored, but it does not affect my lifestyle)
(56%), than mild (can be ignored if I do not think about it)
(23%). Among those with gastroesophageal reflux symp-
toms, 74% had experienced heartburn, 76% had experi-
enced acid regurgitation, and 18% had experienced
dysphagia, with a frequency of at least once per month
within the previous year.
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Risk Factors for Gastroesophageal Reflux Disease

Cardiac Risk Factors
The self-reported risk factors assessed were acute

myocardial infarction, angina pectoris, diabetes mellitus
(blood sugar level >8mmol/L), high cholesterol
(>5.5mmol/L), high blood pressure (>140/90mm Hg),
and smoking status (Fig. 2). Diet was not assessed in this
study. Univariately, the significant risk factors associated
with GERD compared with controls included diabetes
mellitus [29% vs. 13%, P=0.028; odds ratio (OR)=2.83,
95% CI: 1.08-7.38], high cholesterol (24% vs. 11%,
P=0.007; OR=2.65, 95% CI: 1.28-5.50), high blood
pressure (21% vs. 11%, P=0.02; OR=2.28, 95% CI:
1.13-4.62), and smoking status (21% vs. 11%, P=0.02;
OR=2.28, 95% CI: 1.13-4.62). The logistic regression
analysis (including sex, age, high blood pressure, smoking,
diabetes, high cholesterol) found 2 independent risk factors

for GERD, which were high cholesterol (OR=3.28, 95%
CI: 1.42-7.57, P=0.005) and being a current smoker
(OR=2.47, 95% CI: 1.07-5.70, P=0.03).

Psychologic Risk Factors
The 3 psychologic risk factors considered were anxiety,

depression, and neuroticism. Among the GERD group, the
prevalence of clinical depression was 7% (95% CI: 4%-10%),
anxiety 17% (95% CI: 14%-22%), neuroticism 15% (95%
CI: 12%-20%) versus clinical depression 5% (95% CI:
3%-8%), anxiety 12% (95% CI: 9%-17%), and neuroticism
14% (95% CI: 10%-18%) in controls with no GERD
symptoms, respectively. Unadjusted analyses of those with
GERD compared with controls found that there was a
significant difference for neuroticism (OR=1.09, 95% CI:
1.01-1.17), anxiety (OR=1.06, 95% CI: 1.01-1.12), and
depression (OR=1.09, 95% CI: 1.02-1.16) (Table 1).

The logistic regression analysis (including sex, age,
neuroticism, anxiety, depression, and cardiac risk factors)
found that the absence of acute myocardial infarction had
an independent predictive effect on the presence of GERD
(OR=0.20, 95% CI: 0.05-0.71).

Impact on QoL
Comparing the individual domain scores in those with no

GERD and those with weekly GERD, there were lower scores
in GERD, indicating impaired QoL on the SF-36. The score
differences were all >5 points, indicating clinically relevant
changes except for the domain PF (Table 2).

The logistic regression analysis (including sex, age,
GERD, and all the QoL domains) found that only the
domain ‘‘physical functioning’’ (OR=0.98, 95% CI: 0.97-
0.99, P=0.006) was independently associated with GERD.

The majority of QoL domain scores in terms of
symptom severity showed a similar pattern for both heartburn
and acid regurgitation symptoms (Figs. 3, 4). Those with
mild, moderate, severe, and very severe GERD symptoms
had significantly worse scores than those with no GERD
(P<0.05 for domains PF, body pain, vitality, and social
function). The QoL domain scores for frequency of heartburn
and acid regurgitation overlapped (Figs. 5, 6). Overall, the
severity scores showed a larger difference in terms of QoL
domain scores compared with frequency of symptoms.

DISCUSSION
The present study suggests that GERD is common in

the general population and impacts significantly on QoL. To
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FIGURE 1. Prevalence rates of weekly GERD by age and sex.
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FIGURE 2. Prevalence of cardiovasular risk factors among those
with GERD and controls.

TABLE 1. Psychological Risk Factors Among Those With Nil
GERD and GERD

Nil GERD GERD

Neuroticism
Mean score 3.87 4.58
Standard deviation 2.93 3.20
P 0.03

Anxiety
Mean score 6.07 7.17
Standard deviation 3.95 5.21
P 0.03

Depression
Mean score 3.88 4.94
Standard deviation 3.19 4.23
P 0.008
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our knowledge, this is the first study to determine the
population prevalence and evaluate risk factors for GERD
in the Australian community, and evaluate the impact of
GERD on QoL in the community.

In the United States, Locke et al28 conducted a large
(n=1511) population-based study to estimate the pre-
valence of GERD in Olmsted County, Minnesota with
19.8% (95% CI: 17.7-21.9) of the sample reporting

gastroesophageal reflux symptoms occurring at least
weekly. We found slightly lower rates in the present
Australian study; the prevalence of GERD was 12%. There
were sex differences by age among symptomatic individuals
which were similar to those reported by the US study.

Risk factors associated with GERD have not been
adequately assessed in community studies. However, some
previous population-based studies have identified associa-
tions between GERD symptoms and age,29 smoking,30

TABLE 2. Quality of Life (SF-36) Scores Comparing Those With
Nil GERD and GERD

Nil GERD GERD P

SF-36 Physical Functioning (0-100)
Mean 83.09 68.64 <0.001
SD 21.30 28.99

SF-36 Role Physical (0-100)
Mean 80.07 62.16 <0.001
SD 32.98 42.04

SF-36 Pain Index (0-100)
Mean 76.17 60.07 <0.001
SD 24.13 27.65

SF-36 General Health Perceptions (0-100)
Mean 72.45 61.64 <0.001
SD 19.42 27.19

SF-36 Vitality (0-100)
Mean 59.51 46.38 <0.001
SD 20.19 25.04

SF-36 Social Functioning (0-100)
Mean 83.24 74.51 0.002
SD 23.13 30.17

SF-36 role emotional (0-100)
Mean 79.62 72.14 0.09
SD 33.24 37.68

SF-36 Mental Health index (0-100)
Mean 74.44 67.06 0.001
SD 17.35 22.74

SD indicates standard deviation.
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FIGURE 3. Severity of heartburn symptoms and QoL scores for
the SF-36.
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BMI,31 alcohol,32 aspirin,33 nonsteroidal anti-inflammatory
drugs,34 anticholinergic drugs,10 separation (eg, divorced,
widowed),35 stress,36 and family history of upper gastro-
intestinal disease.37 Our study has also found that smoking
was independently associated with GERD symptoms
(OR=2.47, 95% CI: 1.07-5.70), and smoking has
been associated with relaxation of the lower esophageal
sphincter.38–40 A relatively novel finding was the that self-
reported hypercholesterolemia seemed to be independently
associated with GERD symptoms (OR=3.28, 95%
CI: 1.42-7.57). To our knowledge, this has not been
reported previously in a population-based sample. Re-
cently, a primary care study of 2156 individuals in Spain
reported that hypercholesterolemia was independently
associated with heartburn (OR=1.4, 95% CI: 1.02-
1.85).41 However, the authors did not assess any interac-
tions that might have occurred with obesity, BMI, which
was also measured and was also independently associated
with heartburn.41 In addition, a few studies have reported
that increased cholesterol levels are associated with
esophageal adenocarcinoma (OR=1.74, 95% CI: 1.36-
2.23) and esophageal squamous cell carcinoma (OR=1.63,
95% CI: 1.22-2.18).42 An Italian case-control study also
found an association between cholesterol and cancer of the
gastric cardia (OR=3.2, 95% CI: 1.4-7.3).43 Moreover,
another study reported a substantial decrease in cholesterol
levels (4wk postsurgery) among patients (n=26) who
underwent esophageal cancer resection.44 El-Serag et al45 in
a study of 371 randomly selected workers from a medical
center did find a correlation between GERD and raised
cholesterol levels (OR=1.34, 95% CI:1.02-1.76), however,
after adjusting for BMI, energy, and demographics, the
finding was no longer statistically significant. Hence, our
results may reflect confounding by obesity rather than
hypercholestrolemia being a direct cause of GERD.
Further studies are required to adequately assess the

potential cardiac, gastrointestinal, and diet-related risk
factors in GERD.

We found no relationship between any of the 3
psychologic conditions evaluated (depression, anxiety,
neuroticism) and GERD. However, previous studies have
reported links between GERD and psychologic and
emotional disorders.46 The presence of reflux symptoms
has been assessed in an interview-based case-control study
with psychiatric patients (n=94) and a nonpsychiatric
control sample (n=198).47 Those with any psychiatric
diagnosis had an increased risk of heartburn (OR, 2.71;
95% CI, 1.01-7.30) and exercise-induced heartburn (3.34;
1.12-9.96). We may have found no association between
GERD and the psychologic conditions assessed owing to
the instruments used in our study, a standardized psycho-
logic interview will have greater accuracy in determining
an individual’s psychologic status. In addition, the fact that
the prevalence of all the psychologic disorders assessed was
similar among those with GERD and those without GERD
and this may have concealed any true association.

In GERD, QoL and health care seeking behavior are
important outcomes.4,48 Our results reveal that increased
symptom severity but not symptom frequency are asso-
ciated with a worse QoL. In addition, the majority of QoL
domain scores comparing GERD with non-GERD subjects
were significant at a univariate level. However, in the final
logistic model, the only significant domain associated with
GERD was PF. This may be because of avoidance of
exercise or the adoption of a more sedentary lifestyle in
GERD.49 The ProGERD study that assessed the QoL using
the SF-36 before and after proton pump inhibitor treatment
of patients (n=6215) with GERD found similar results to
our study.50 GERD patients at baseline had lower QoL
scores compared with the general population and these
scores increased upon treatment with esomeprazole. In
addition, an endoscopic population-based study from
Sweden (n=999) reported that subjects who experience
daily or weekly reflux symptoms are more likely to have a
clinically significant reduction in QoL.51 Our study found
that increasing GERD symptom severity is associated with
worse QoL scores, whereas GERD symptom frequency did
not impact the QoL scores.

The strengths of this study include the large random-
ized sample taken from the Nepean catchment area, which
is a well-defined and socio-demographically very similar to
the Australian population. There was an excellent response
rate (73%) to the mail-out survey. We used a validated
instrument, the CPQ, which has good specificity and
sensitivity and excellent retest reliability. This new instru-
ment provides an overall epidemiologic picture of indivi-
duals and populations experiencing GERD. However, there
were some limitations of this study, including the fact that
risk factor information that was not collected on alcohol
consumption and BMI, antisecretory medication use and
the findings from this study are restricted to being cross-
sectional in design.

In summary, our study has shown that GERD is a
common medical problem in the community. Two inde-
pendent risk factors for GERD were smoking and high
cholesterol levels. Those with GERD have a poorer QoL
than those experiencing no GERD. Increasing GERD
symptom severity is associated with worse QoL scores,
whereas GERD symptom frequency did not impact on the
QoL scores. Thus, GERD remains a significant health
problem in the community.
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