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Abstract
Background & Aims—Lifestyle and genetic factors dominate the etiology of gastroesophageal
reflux disease. We investigated associations between lifestyle factors and gastroesophageal reflux
(GER) symptoms, with and without controlling for genetic predisposition.

Methods—In the Swedish Twin Registry, lifestyle exposures were collected by questionnaires in
1967 and 1973, and GER symptoms were interviewed by telephone during 1998-2002. Two analytic
methods were used, external control analysis (4,083 twins with GER symptoms and 21,383 controls)
using Generalized Estimating Equations model and monozygotic co-twin control analysis (869
monozygotic twin pairs discordant for GER symptoms) using conditional logistic regression model.

Results—In the external control analysis, leanness (body-mass index [BMI] <20), upper normal
weight (BMI 22.5-24.9), overweightness (BMI 25-29.9) and obese (BMI ≥30) conferred -19%, 25%,
46% and 59% increased risk of frequent GER symptoms compared with normal weight (BMI
20-22.4), respectively, among women, while no such associations were evident among men. When
adjusted for genetic and non-genetic familial factors, these estimates were -28%, 44%, 187% and
277% among men. Frequent smoking rendered a 37% increased risk of frequent GER symptoms
among women and 53% among men compared with nonsmokers. Physical activity at work was dose-
dependently associated with increased risk of frequent GER symptoms, while recreational physical
activity decreased this risk.

Conclusions—BMI, tobacco smoking and physical activity at work appear to be risk factors for
frequent GER symptoms, whereas recreational physical activity appears to be beneficial. Association
between BMI and frequent GER symptoms among men seems to be attenuated by genetic factors.

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common health problem in industrialized
countries.1-4 GERD strongly affects the quality of patients’ life and increases the risk for
esophageal adenocarcinoma,5, 6 of which the incidence has increased greatly in recent years.
7 Over $10 billion is spent annually for the care of GERD in the United States, of which $6
billion is spent for anti-reflux medication.8 Identification of any lifestyle habits that could serve
as the basis for alternative or complementary treatment of GERD or preferably prevent this
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disorder is therefore highly warranted. Recommended changing of certain lifestyle habits that
might contribute to the treatment or prevention of GERD include controlling weight, giving
up tobacco smoking, alcohol drinking, reducing or avoiding coffee, tea or peppermint.9, 10
These maneuvers, however, often lack convincing efficacy.9 Whether these factors are also
etiologic, i.e. involved in the development of GERD, is uncertain.

Obesity is an established risk factor for GERD, but with a significant degree of heterogeneity
in magnitude and previous studies often lack of sex-specific analyses.11, 12 Tobacco smoking
can reduce the pressure of the lower esophageal sphincter (LES),13 and decrease salivary
bicarbonate secretion, thus reducing the physiological neutralizing effect of the saliva on
intraesophageal acid.14 Thus, smoking may be a risk factor for GERD as indicated by some,
15-18 but not all,19, 20 epidemiological studies. Alcohol and coffee may have a direct toxic
effect on the esophageal mucosa and, lower the LES pressure or prolong gastric emptying time.
21, 22 However, epidemiological studies on alcohol and coffee consumption and GERD have
revealed conflicting results.15-19, 23-25 Physical exercise may provoke gastroesophageal
reflux (GER) symptoms via a mechanism of increased esophageal acid exposure during
exercise,26 and GER symptoms are common among athletes.27 In previous epidemiological
studies of relatively small sample sizes, physical exercise was28 or was not29 associated with
an increased frequency of GER. However, in one large population-based study from our group,
we found that physical exercise renders a protective effect against GERD.15 In that study, we
suggested a mechanism of an exercise-strengthened anti-reflux barrier, possibly constituted by
striated muscle. The effect and underlying mechanism of physical exercise on GER symptoms
are still unclear. Physicians often advise GERD patients to avoid certain foods that might
provoke reflux. Nonetheless, previous studies on dietary intake of fat, high caloric items, fiber,
bread, fruits and vegetables, yielded conflicting results.18, 25, 28, 29

Twin studies indicate that the heritability of GERD is about 31 – 43%,16, 30 i.e. genetic factors
should account for a considerable part of the variation in liability to GERD. In addition, genetic
factors account for 40 – 80% for obesity31 and to some extent for various health behaviors.
32 Thus, to better understand GERD etiology, investigations should ideally adjust the results
for potential effects by genetic predisposition and non-genetic familial effects. The
monozygotic (MZ) co-twin control method, which compares MZ twins who are discordant for
a disease, provides a valid tool to achieve this aim. To our knowledge, no epidemiological
study to date has examined the role of lifestyle factors in GERD taking genetic factors into
consideration. The Swedish Twin Registry, the largest population-based twin registry in the
world, offers a particularly strong basis for exploring the importance of potential lifestyle risk
factors with controlling for genetic background.33 We therefore used this register for studying
the associations between selected lifestyle factors and GER symptoms, including evaluation
of the potential influence of genetic factors.

MATERIALS AND METHODS
Subjects

In 1967 and 1973, questionnaires including lifestyle exposures were mailed to same-sex twins
in the Swedish Twin Registry who were born in 1958 or earlier.33 During the period 1998 to
2002, the Screening Across the Lifespan of Twins (SALT) study collected data on GER
symptoms through telephone interviews with all twins born in 1958 or earlier. A total of 28,486
twin individuals responded both to the questionnaires about lifestyle in the 1960-70s and to
the questions regarding GER symptoms in 1998-2002. Those who at the telephone interview
reported onset of GER before the assessment of lifestyle exposures were excluded (n=769),
resulting in 27,717 individuals remaining for analysis. Among these persons, 869 were
members of MZ twin pairs discordant for GER symptoms.
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This study was approved by the Regional Ethics Committee of the Karolinska Institutet, and
by the Mayo Institutional Review Board.

Determination of exposures
In the questionnaires sent out in 1967 and 1973, information was collected about age, sex,
education, height, weight, tobacco smoking, consumption of alcohol and coffee, and physical
exercise.33 Body-mass index (BMI), the weight in kilograms divided by the square of height
in meters (kg/m2), was categorized into <20 (lean), 20-22.4 (referred as normal and severed
as reference), 22.5-24.9 (upper normal weight), 25-29.9 (overweight) and ≥30 (obese).
Smoking status was categorized into ever smokers (including past and current smokers at the
time of filling in the questionnaires) and never smokers. Tobacco smoking was assessed by
consumption of cigarettes, cigars or pipe tobacco. A cigarette equivalent index was created to
assess the amount of smoking on the basis of nicotine content (1 cigarette = 1 cigarette if inhaled
in lungs or 0.25 if not, 1 cigar = 4 cigarettes if inhaled in lungs or 1 if not, 1 gram of pipe
tobacco = 1.43 cigarettes if inhaled in lungs or 0.36 if not). Total alcohol consumption was
evaluated by summing total amount of ethanol (beer, wine and spirits) consumed per month
in grams. Physical exercise was assessed separately at work (level 1 to level 4: primarily
sedentary / standing and walking / standing, lifting and carrying / physically strenuous) and at
leisure time (level 1 to level 4: almost no / little / medium / much). Specific dietary items,
including vegetables, fruits, fish, meat, rice, flour-based foods, milk, sandwiches, grilled or
fried food, were all rated on a scale from 1 to 5 (<1 time/month, occasionally/month, several
times/month or once/week, several times/week, and daily).

Determination of GER
Occurrence of lifetime GER symptoms was assessed during the period March 1998 through
December 2002, i.e. about 30 years after the collection of exposure data. Details of the
ascertainment of GERD using validated questions of GER symptoms have been described
previously.5 In brief, computer-assisted telephone interviews were conducted by trained
professional interviewers with each study participant.33 The questionnaire covered a large
number of disorders. Occurrence of GER was assessed using a structured reflux symptom
questionnaire.30 If a positive response was given to any of these three key symptoms, i.e.
regurgitation of bitter or sour fluid into the mouth, heartburn or pain behind the breastbone
(This was modified after the start of study with the intent to distinguish cardiac from reflux
symptoms. Because the modification had little effect, data from earlier and modified questions
were pooled), seven further questions were asked. Frequent GER was defined a priori as the
occurrence, at least once a week, of either retrosternal pain with antacid relief or retrosternal
burning with antacid relief or radiation toward the neck; or regurgitation of bitter fluid. Those
with an onset of frequent GER symptoms after the assessment of the exposure data comprised
our study GER patients. Onset of GER was defined as the start (in calendar year) of recurrent
GER symptoms. Twins without reflux symptoms, or symptoms less than once a week, were
defined as non-GER group. The agreement between two occasions for frequent GER
symptoms, questioned two weeks apart, was 84.3% (κ value 0.44).

Determination of zygosity
Each twin was independently asked “During childhood, were you and your twin partner as
alike as ‘two peas in a pod’ or not more alike than siblings in general?”. If both individuals of
a pair responded “alike as two peas in a pod”, they were classified as MZ, and if both responded
“not alike”, they were classified as dizygotic (DZ). If the twins did not agree, at a later time,
they were further asked “How often did strangers have difficulty in distinguishing between
you and your twin partner when you were children?” If both individuals of a pair responded
“almost always or always” or “often”, they were classified as MZ, if they responded “seldom”
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or “almost never or never”, they were classified as DZ. This method of determination has been
validated and shown to be 99% accurate compared with analysis of DNA polymorphisms.33

Statistical analysis
We used two methods of comparison of controls in the analyses. In the external control analysis,
we compared twins with frequent GER symptoms (n=4,083) with unrelated non-GER twins
(n=21,383, not related to the index probands). In the MZ co-twin control analysis, GER twins
were compared with their non-GER MZ co-twins (n=869 pairs).

In the external control analysis, in view of the correlation within twin pairs, odds ratios (ORs)
and their corresponding 95% confidence intervals (CIs) were obtained by Generalized
Estimating Equations model,34 by applying the GENMOD procedure of SAS software (SAS
Institute, Cary, NC). In the MZ co-twin control analysis, ORs and 95% CIs were obtained by
conditional logistic regression using PHREG procedure. Since previous studies have indicated
gender differences in the studied associations,35 all analyses were stratified by sex. In
univariate analyses, year of birth was included in each model. In multivariate analyses, BMI
(5 categories), smoking (ever or never), coffee (4 categories), physical activity at work (4
categories) and at leisure time (4 categories) and education (2 categories) were further included
in the models. Evidence of a dose-response association between the tested factor and frequent
GER symptoms was examined using a test for trend in the logistic regression, based on ordinal
categories of that factor. To test the difference between the ORs derived from the external
control and MZ co-twin control analyses, we compared the regression coefficients derived
from these two models by the Wald statistic.36 The degree of freedom equals to n-1 when
comparing an n-level factor and 1 when comparing trend test. Similarly, the differences
between the ORs derived from women and men were tested both in the external control and
MZ control analyses.

RESULTS
In total, 15014 women and 12703 men were included in this study, with 523 and 346 MZ twin
pairs discordant for frequent GER symptoms in women and men, respectively. The prevalence
of frequent GER symptoms was 15.5% in women and 13.8% in men. The study subjects
suffered from GER symptoms at a median start age of 45.

BMI
A dose-response association between increasing BMI and frequent GER symptoms was
observed in women. Compared with normal weight women, underweight women had 19%
decreased risk, while upper normal weight, overweight and obese women had about 25%, 46%
and 59% increased risk for frequent GER symptoms, respectively (Table 2). These estimates
in the MZ co-twin control analysis were of similar magnitudes. In external control comparison,
no association between BMI and frequent GER symptoms was observed for men. However,
in the MZ co-twin control analysis, there was a clear trend with 28% decrease, 44%, 187% and
277% increase in the risk for lean, upper normal weight, overweight and obese men compared
with normal weight men (Table 3). The difference between the estimates derived from the
external-control and MZ-control analyses was statistically significant (P=0.0203). In the
external-control analysis, the estimates for women were significantly different from those for
men (P<0.0001).

Tobacco
There was a dose-response pattern in the association between tobacco smoking and frequent
GER symptoms. In external control analysis, ever tobacco smoking and smoking more than
20 cigarettes per day was associated with 18% and 37% increased risk among women when
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compared with never smoking (Table 2). These estimates tend to be attenuated in the MZ co-
twin control analysis, but the attenuation did not reach a significant level. In men, the
corresponding estimates were about 36% and 53% in the external control analysis, and were
of similar strength in the MZ co-twin control analysis (Table 3).

Alcohol
In women, alcohol consumption was not associated with risk of frequent GER symptoms in
the external control analysis, while an inverse dose-response association was observed in the
MZ control analysis (Table 2). When consumption of beer, wine and spirits were analyzed
separately by dichotomous (yes/no) categories or by amount (quartiles), none of them was
associated with frequent GER symptoms in the MZ control analysis (data not shown). In men,
alcohol consumption was associated with a modestly decreased risk of frequent GER symptoms
but was of borderline statistical significance and without dose-response pattern in the external
control analysis. Similar estimates were observed in the MZ co-twin analysis (Table 3).

Coffee
In the external analysis, coffee use was dose-dependently associated with risk of frequent GER
symptoms in women, with about 45% increased risk among heavy users (≥7 cups per day)
compared with non-users in the univariate analysis, but no such association was observed when
controlled for BMI, smoking, physical activity at work and at leisure time in the multivariate
analysis (Table 2). In men, an inversely dose-dependent association, with 25% decreased risk
was observed for heavy users in the multivariate analysis (Tables 3). The gender difference in
the associations were statistically significant (P for trend = 0.0127). The MZ co-twin analysis
did not reveal significantly different results (Tables 2 and 3).

Physical activity
In both sexes, physical activity at work was associated with an occurrence of frequent GER
symptoms, while physical activity at leisure time in contrast decreased the risk in the external
control analyses (Tables 2 and 3). A 40% increased risk for frequent GER symptoms was
observed in women with physically strenuous work compared with primarily sedentary work,
but the excess risk was attenuated to 16% in the multivariate analysis. This change, occurring
specifically when introducing the variables education and BMI into the model, indicated these
two factors as confounders (Table 2). In men, the corresponding figures were 27% and 23%
in the univariate and multivariate analyses, respectively. In contrast, those who exercised much
(the highest of 4 categories) at leisure time had about 40% decreased risk of frequent GER
symptoms compared with those who almost did not exercise, in both sexes. The MZ co-twin
control analyses showed no significantly different results for both sexes.

Education
Lower education rendered a 21% increase risk for the development of frequent GER symptoms
in women, but not in men, with a statistically significant gender difference (P = 0.0057), in the
external control analysis. The association did not significantly change in the MZ co-twin
analyses.

Dietary variables
None of the studied dietary items, i.e. vegetables, fruits, fish, meat, rice, flour-based foods,
milk, sandwiches, potatoes, and grilled and fried food, was associated with risk of frequent
GER symptoms in either the external control or the co-twin analysis (data not shown).
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DISCUSSION
This monozygotic co-twin study, based on twins in the nationwide Swedish Twin Registry,
provides compelling evidence that BMI, tobacco smoking and physical activity at work
increase the risks for occurrence of frequent GER symptoms, whereas physical activity at
leisure time decreases the risk. Heavy coffee intake may decrease the risk for frequent GER
symptoms in men and lower education may increase the risk in women. Moreover, the study
revealed no evidence of an association between intake of alcohol, vegetables, fruit, fish, meat,
rice, flour-based food, milk, sandwiches, potatoes, or grilled and fried foods and risk of GER
development.

Previous studies, epidemiological or clinical, population-based or case series, have shown
heterogeneous associations between BMI and GERD and conflicting results regarding the use
of tobacco, alcohol, coffee and tea in the etiology of GERD.15-20, 23-25 These inconsistencies
might be due to differences in methodology and study design. Effects of genetic factors may
be additionally a problem in the previous literature, since genetic effects have been established
as a main risk factor both for the development of GER symptoms16, 30 and health-related
behaviors such as obesity, smoking, alcohol habits and physical exercise.32 Nonetheless, no
previous study has adjusted the results for such potential effects. Therefore, our ability to adjust
for genetic factors is among the main advantages of the present study. The accuracy of the
zygosity determination was high, and the twin study design allowed comparisons of the results
from co-twin control design with those from the ordinary case-control design. Another asset
of our study is the prospective exposure data collection and the ability to assess the time of
onset of GER symptoms. Analyses using exposures collected before onset of the disease
enabled us to evaluate the role of lifestyles in the initiation of GER symptoms and reduce
possible reversed causality that often appear in cross-sectional studies. Moreover, the large
sample size enabled us to perform stratified analyses by sex. Other strengths include the
population-based design, the use of a validated tool for the assessment of GER symptoms, and
the large amount of factors available for adjustment.

Lifetime GER symptoms were assessed about three decades after the exposures were collected
and could only be assessed in persons still alive at the time of GER symptoms ascertainment.
Therefore, the risk of selection (survival) bias cannot be ruled out and thus belongs to the
limitations of our study. However, the median age of our study participants at the time of GER
symptoms ascertainment was 57 years, which was much younger than the life expectancy of
69 for the birth cohort from 1942 (median birth year of our participants) in Sweden.37 This
fact should allay concerns about survival bias. A major limitation of our study lies in the
possibility of change of the exposure information collected possibly decades before the
development of GER symptoms. This misclassification was likely to happen and, if happened,
was very likely to be non-differential between GER group and non-GERD controls, which
would bias the associations toward null. Thus, our results could have been underestimated. An
additional possible limitation of our study is the incomplete report of GER symptoms that
occurred long time ago. This might lead to an under-ascertainment of young-onset GERD
patients. However, the median age of reported onset of frequent GER symptoms in the whole
SALT study participants was 40 (mean age 39.2) (Data not shown. Part of the SALT
participants, i.e. those developed GER symptoms before the exposures assessment in 1967 and
1973, were excluded from our study), which is consistent with the natural history of GER
symptoms that typically begins in middle age,38 indicating that the likelihood of this source
of under-ascertainment is small. The association observed in the comparison within
monozygotic twins could suffer from overmatching to non-genetic familial factors.
Overmatching bias may exist in our study, but the extent is subjected to the effects of non-
genetic familial factors on the exposure and on the outcome. However, our previous study
showed no evidence that non-genetic familial effects contributed to the increased concordance

Zheng et al. Page 6

Gastroenterology. Author manuscript; available in PMC 2008 February 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for reflux twins.30 Thus, this overmatching must have had little influence on the effect
estimates. Finally, the GERD diagnosis, based on symptoms only, might have been
misclassified. However, several studies have indicated that the assessment of GERD through
structured questionnaires might be the best tool available for defining true GERD.39-42 Our
GERD definition was based on weekly symptoms, and the prevalence, about 15%, coincided
with that from other studies, 10-20%.11 Admittedly, our results were somewhat
underestimated due to mixture of those heterogeneous GER patients, i.e. less frequent than
once a week, in the control group. We did not follow the procedure employed in previous
studies12, 15, 43 to exclude patients with less frequent GER symptoms, as this would greatly
decrease the statistical power in our MZ co-twin control analysis.

Our results emphasize the importance of body mass in the development of GER symptoms.
We found that leanness conferred beneficial effect and increasing BMI increased risk of GER
symptoms across the whole BMI range, even among conventional normal weight (BMI
22.5-24.9). This was consistent with a recent study from the Nurse Health Study.12 More
importantly, we found that the association between BMI and frequent GER symptoms seemed
to be negatively influenced by genetic factors among men. The underlying mechanism is
unknown although it is tempting to speculate that certain gene (or genes in linkage
disequilibrium) is positively (or inversely) associated with obesity and inversely (or positively)
associated with GERD. The higher heritability of obesity observed in men than in women44
seems to support this sex-differential confounding.

The finding of a dose-dependent association between smoking and frequent GER symptoms,
regardless of sex, provides evidence that smoking is a true risk factor for GERD. Alcohol
consumption was not associated with occurrence of frequent GER symptoms in the present
study. The observed inverse association between alcohol consumption and GER symptoms in
the MZ co-twin control analysis in women might be due to chance. Moreover, none of the any
specific types of alcoholic beverages, i.e., beer, wine or spirits, was associated with GER
symptoms, indicating no true risk. This is consistent with previous population-based
epidemiological studies.15, 18 We found that coffee intake might be a protective factor for
frequent GER symptoms in men, but not in women. The previous large scale study on
Norwegians from our group also showed a beneficial effect. Our prospective information
should act against reversed causality, i.e. patients with frequent GER symptoms avoided coffee
use due to their disease, which was of particular concern in previous studies.15, 18 The
protective effect may be a result of reduction of long-term weight gain among coffee
consumers.45 The sex discrepancy observed in our results might be due to their difference in
caffeine metabolism. The conversion of caffeine to paraxanthine, which in humans accounts
for about 84% of primary degradation of caffeine,46 is markedly inhibited by exogenous
estrogen in oral contraceptives47 or HRT among postmenopausal women.48

We found a hazardous effect of exercise at work and a protective effect of exercise at leisure
time, regardless of sex. These opposite effects are not necessarily contradictory. Physical
activity at work might be linked with postprandial exercise, which has been found to be a risk
factor for development of GER symptoms.49, 50 Unlike physical activity at work, it is likely
that leisure physical exercise is predominantly performed at time without a feeling of stomach
fullness, and therefore most unlikely to be reflux-provoking postprandial exercise.49, 50
Moreover, strenuous physical activity at work is generally associated with lower education
level, as supported by our result that the association between physical activity at work and GER
symptoms was confounded mainly by education level and secondary by BMI. One reason for
the conflicting results in previous studies regarding effects of physical activity might be due
to unable to separate these two kinds of physical activites.28, 29 The present result is consistent,
in terms of both direction and strength of association, with our previous large population-based

Zheng et al. Page 7

Gastroenterology. Author manuscript; available in PMC 2008 February 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



study, where physical exercise was defined as leisure time exercise, such as jogging, cross
country skiing and exercise swimming.15

Previous studies on the association between education and GERD yield inconsistent results.
28, 29 We observed an increased risk of frequent GER symptoms in women with lower
education, but no association in men. The mechanism for this sex discrepancy is still unclear.
We found no associations between any of the studied dietary factors and the development of
GER symptoms. These results are consistent with another population-based study in Sweden.
25 BMI may be an intermediate step in the associations between dietary foods and GER
symptoms, since both are closely related with obesity.11 Therefore, we examined the
associations between dietary foods and frequent GER symptoms with and without adjusting
for BMI, but no clear differences were found. One study using the same analytic method
showed results consistent with our findings that the lack of association between studied dietary
factors and GER symptoms was not influenced by BMI.28

In conclusion, this large monozygotic co-twin study provides evidence that BMI, tobacco
smoking and physical activity at work facilitate the development of GER, while physical
activity at leisure time appears to be a protective factor. The association between BMI and
frequent GER symptoms among men may be attenuated by genetic factors. In addition, heavy
coffee intake may be a protective factor of GER in men and lower education may be a potential
risk factor in women.

Acknowledgements

Thanks to Dr. Olof Nyrén from Dept. of Medical Epidemiology and Biostatistics, Karolinska Institutet, and Dr. Alan
J. Cameron and G. Richard Locke III from Mayo Clinic, Minnesota in the study design phase and their contributions
that made this study possible.

Grant support: The Swedish Twin Registry is supported by grants from the Swedish Department of Higher Education,
the Swedish Scientific Council, and Astra Zeneca. Data collection in SALT was supported in part by funds from NIH
(AG 08724). The analyses were supported financially by the Swedish Research Council and the Swedish Medical
Society.

References
1. Nebel OT, Fornes MF, Castell DO. Symptomatic gastroesophageal reflux: incidence and precipitating

factors. Am J Dig Dis 1976;21:953–6. [PubMed: 984016]
2. Locke GR 3rd, Talley NJ, Fett SL, Zinsmeister AR, Melton LJ 3rd. Prevalence and clinical spectrum

of gastroesophageal reflux: a population-based study in Olmsted County, Minnesota. Gastroenterology
1997;112:1448–56. [PubMed: 9136821]

3. El-Serag HB, Petersen NJ, Carter J, Graham DY, Richardson P, Genta RM, Rabeneck L.
Gastroesophageal reflux among different racial groups in the United States. Gastroenterology
2004;126:1692–9. [PubMed: 15188164]

4. Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Prevalence of gastro-oesophageal reflux
symptoms and the influence of age and sex. Scand J Gastroenterol 2004;39:1040–5. [PubMed:
15545159]

5. Lagergren J, Bergstrom R, Lindgren A, Nyren O. Symptomatic gastroesophageal reflux as a risk factor
for esophageal adenocarcinoma. N Engl J Med 1999;340:825–31. [PubMed: 10080844]

6. Revicki DA, Wood M, Maton PN, Sorensen S. The impact of gastroesophageal reflux disease on health-
related quality of life. Am J Med 1998;104:252–8. [PubMed: 9552088]

7. Devesa SS, Blot WJ, Fraumeni JF Jr. Changing patterns in the incidence of esophageal and gastric
carcinoma in the United States. Cancer 1998;83:2049–53. [PubMed: 9827707]

8. Sandler RS, Everhart JE, Donowitz M, Adams E, Cronin K, Goodman C, Gemmen E, Shah S, Avdic
A, Rubin R. The burden of selected digestive diseases in the United States. Gastroenterology
2002;122:1500–11. [PubMed: 11984534]

Zheng et al. Page 8

Gastroenterology. Author manuscript; available in PMC 2008 February 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



9. DeVault KR, Castell DO. Updated guidelines for the diagnosis and treatment of gastroesophageal
reflux disease. Am J Gastroenterol 2005;100:190–200. [PubMed: 15654800]

10. Shaheen N, Ransohoff DF. Gastroesophageal reflux, Barrett esophagus, and esophageal cancer:
clinical applications. Jama 2002;287:1982–6. [PubMed: 11960541]

11. Hampel H, Abraham NS, El-Serag HB. Meta-analysis: obesity and the risk for gastroesophageal
reflux disease and its complications. Ann Intern Med 2005;143:199–211. [PubMed: 16061918]

12. Jacobson BC, Somers SC, Fuchs CS, Kelly CP, Camargo CA Jr. Body-mass index and symptoms of
gastroesophageal reflux in women. N Engl J Med 2006;354:2340–8. [PubMed: 16738270]

13. Dennish GW, Castell DO. Inhibitory effect of smoking on the lower esophageal sphincter. N Engl J
Med 1971;284:1136–7. [PubMed: 5553487]

14. Trudgill NJ, Smith LF, Kershaw J, Riley SA. Impact of smoking cessation on salivary function in
healthy volunteers. Scand J Gastroenterol 1998;33:568–71. [PubMed: 9669624]

15. Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Lifestyle related risk factors in the aetiology
of gastro-oesophageal reflux. Gut 2004;53:1730–5. [PubMed: 15542505]

16. Mohammed I, Cherkas LF, Riley SA, Spector TD, Trudgill NJ. Genetic influences in gastro-
oesophageal reflux disease: a twin study. Gut 2003;52:1085–9. [PubMed: 12865263]

17. Locke GR 3rd, Talley NJ, Fett SL, Zinsmeister AR, Melton LJ 3rd. Risk factors associated with
symptoms of gastroesophageal reflux. Am J Med 1999;106:642–9. [PubMed: 10378622]

18. Nocon M, Labenz J, Willich SN. Lifestyle factors and symptoms of gastro-oesophageal reflux -- a
population-based study. Aliment Pharmacol Ther 2006;23:169–74. [PubMed: 16393294]

19. Ruhl CE, Everhart JE. 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 1999;9:424–35. [PubMed: 10501410]

20. Pehl C, Pfeiffer A, Wendl B, Nagy I, Kaess H. Effect of smoking on the results of esophageal pH
measurement in clinical routine. J Clin Gastroenterol 1997;25:503–6. [PubMed: 9412965]

21. Lien HC, Chen GH, Chang CS, Kao CH, Wang SJ. The effect of coffee on gastric emptying. Nucl
Med Commun 1995;16:923–6. [PubMed: 8587758]Abstract

22. Pehl C, Wendl B, Pfeiffer A, Schmidt T, Kaess H. Low-proof alcoholic beverages and
gastroesophageal reflux. Dig Dis Sci 1993;38:93–6. [PubMed: 8420765]

23. Watanabe Y, Fujiwara Y, Shiba M, Watanabe T, Tominaga K, Oshitani N, Matsumoto T, Nishikawa
H, Higuchi K, Arakawa T. Cigarette smoking and alcohol consumption associated with gastro-
oesophageal reflux disease in Japanese men. Scand J Gastroenterol 2003;38:807–11. [PubMed:
12940431]

24. Stanghellini V. 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 1999;231:29–37.
[PubMed: 10565621]

25. Terry P, Lagergren J, Wolk A, Nyren O. Reflux-inducing dietary factors and risk of adenocarcinoma
of the esophagus and gastric cardia. Nutr Cancer 2000;38:186–91. [PubMed: 11525596]

26. Pandolfino JE, Bianchi LK, Lee TJ, Hirano I, Kahrilas PJ. Esophagogastric junction morphology
predicts susceptibility to exercise-induced reflux. Am J Gastroenterol 2004;99:1430–6. [PubMed:
15307855]

27. Parmelee-Peters K, Moeller JL. Gastroesophageal reflux in athletes. Curr Sports Med Rep
2004;3:107–11. [PubMed: 14980140]

28. Nandurkar S, Locke GR 3rd, Fett S, Zinsmeister AR, Cameron AJ, Talley NJ. Relationship between
body mass index, diet, exercise and gastro-oesophageal reflux symptoms in a community. Aliment
Pharmacol Ther 2004;20:497–505. [PubMed: 15339321]

29. El-Serag HB, Satia JA, Rabeneck L. Dietary intake and the risk of gastro-oesophageal reflux disease:
a cross sectional study in volunteers. Gut 2005;54:11–7. [PubMed: 15591498]

30. Cameron AJ, Lagergren J, Henriksson C, Nyren O, Locke GR 3rd, Pedersen NL. Gastroesophageal
reflux disease in monozygotic and dizygotic twins. Gastroenterology 2002;122:55–9. [PubMed:
11781280]

Zheng et al. Page 9

Gastroenterology. Author manuscript; available in PMC 2008 February 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



31. Bell CG, Walley AJ, Froguel P. The genetics of human obesity. Nat Rev Genet 2005;6:221–34.
[PubMed: 15703762]

32. Kaprio J, Pulkkinen L, Rose RJ. Genetic and environmental factors in health-related behaviors: studies
on Finnish twins and twin families. Twin Res 2002;5:366–71. [PubMed: 12537860]

33. Lichtenstein P, De Faire U, Floderus B, Svartengren M, Svedberg P, Pedersen NL. The Swedish Twin
Registry: a unique resource for clinical, epidemiological and genetic studies. J Intern Med
2002;252:184–205. [PubMed: 12270000]

34. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics
1986;42:121–30. [PubMed: 3719049]

35. Shaheen N, Provenzale D. The epidemiology of gastroesophageal reflux disease. Am J Med Sci
2003;326:264–73. [PubMed: 14615667]

36. Liao T. Comparing social groups: Wald statistics for testing equality among multiple logit models.
Int J Comp Sociol 2004;45:3–16.

37. Human Mortality Database. University of California BU, and Max Planck Institute for Demographic
Research (Germany); [Accessed on Mar 14th, 2006]. http://www.mortality.org/

38. Nandurkar S, Talley NJ. Epidemiology and natural history of reflux disease. Baillieres Best Pract Res
Clin Gastroenterol 2000;14:743–57. [PubMed: 11003807]

39. Revicki DA, Wood M, Wiklund I, Crawley J. Reliability and validity of the Gastrointestinal Symptom
Rating Scale in patients with gastroesophageal reflux disease. Qual Life Res 1998;7:75–83. [PubMed:
9481153]

40. Ter RB, Castell DO. Gastroesophageal reflux disease in patients with columnar-lined esophagus.
Gastroenterol Clin North Am 1997;26:549–63. [PubMed: 9309404]

41. Locke GR, Talley NJ, Weaver AL, Zinsmeister AR. A new questionnaire for gastroesophageal reflux
disease. Mayo Clin Proc 1994;69:539–47. [PubMed: 8189759]

42. Klauser AG, Schindlbeck NE, Muller-Lissner SA. Symptoms in gastro-oesophageal reflux disease.
Lancet 1990;335:205–8. [PubMed: 1967675]

43. Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Obesity and estrogen as risk factors for
gastroesophageal reflux symptoms. Jama 2003;290:66–72. [PubMed: 12837713]

44. Stunkard AJ, Harris JR, Pedersen NL, McClearn GE. The body-mass index of twins who have been
reared apart. N Engl J Med 1990;322:1483–7. [PubMed: 2336075]

45. Lopez-Garcia E, van Dam RM, Rajpathak S, Willett WC, Manson JE, Hu FB. Changes in caffeine
intake and long-term weight change in men and women. Am J Clin Nutr 2006;83:674–80. [PubMed:
16522916]

46. T, M., editor. Gender Differences in Metabolism. CRC Press LLC; 1999. Gender differences in the
metabolic responses to caffeine; p. 307

47. Abernethy DR, Todd EL. Impairment of caffeine clearance by chronic use of low-dose oestrogen-
containing oral contraceptives. Eur J Clin Pharmacol 1985;28:425–8. [PubMed: 4029248]

48. Pollock BG, Wylie M, Stack JA, Sorisio DA, Thompson DS, Kirshner MA, Folan MM, Condifer
KA. Inhibition of caffeine metabolism by estrogen replacement therapy in postmenopausal women.
J Clin Pharmacol 1999;39:936–40. [PubMed: 10471985]

49. Emerenziani S, Zhang X, Blondeau K, Silny J, Tack J, Janssens J, Sifrim D. Gastric fullness, physical
activity, and proximal extent of gastroesophageal reflux. Am J Gastroenterol 2005;100:1251–6.
[PubMed: 15929753]

50. Clark CS, Kraus BB, Sinclair J, Castell DO. Gastroesophageal reflux induced by exercise in healthy
volunteers. Jama 1989;261:3599–601. [PubMed: 2724505]

Zheng et al. Page 10

Gastroenterology. Author manuscript; available in PMC 2008 February 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.mortality.org/


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zheng et al. Page 11

Table 1
Characteristics of study subjects

Women Men

No. of non-GERD subjects 12684 10950
No. of GERD (%) subjects 2330 (15.5) 1753 (13.8)
No. of monozygotic twin pairs discordant for GER 523 346
Age at assessment of GER, median (range) 58 (42-104) 57 (42-99)
Age at onset of GER, median (range) 46 (17-83) 45 (18-83)
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