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Abstract

OBJECTIVES—Symptoms of gastroesophageal reflux disease (GERD) are the primary risk
factor for Barrett’s esophagus (BE). However, the significance of age at symptom onset is
unknown. We examined the effects of multiple dimensions of GERD exposure on BE risk and
whether these associations are modified by other risk factors for BE.

METHODS—Data were from a cross-sectional study of 683 Veterans Affairs patients undergoing
an elective esophagogastroduodenoscopy (EGD) or a study EGD concurrently with colonoscopy
from primary care clinics. We compared 236 patients with both endoscopically suspected and
histologically confirmed BE to 447 primary-care patients (“primary-care controls”) without
endoscopically suspected BE on their study EGD. Odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated using multivariate logistic regression.

RESULTS—Age at onset <30 years of frequent (at least weekly) GERD symptoms was
associated with highest risk of BE (OR = 15.1, 95% CI 7.91-28.8), and risk increased linearly
with earlier age at onset of symptoms (P-trend = 0.001). This association was independent of
cumulative GERD symptom duration. People with early onset GERD symptoms who reported
ever using proton pump inhibitors were at especially high risk of BE (OR = 31.1, 95% CI 13.9-
69.7). In people with frequent GERD symptoms, BE risk was almost 80% lower among
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Helicobacter pylori-positive patients (OR = 2.60, 95% CI 1.26-5.40) than those negative for H.
pylori (OR = 8.24, 95% CI 5.00-13.6).

CONCLUSIONS—RIsk of BE increased linearly with earlier age at onset of frequent GERD
symptoms. Age at symptom onset may help practitioners decide which patients with GERD
symptoms to refer for endoscopic screening for BE.

INTRODUCTION

Adenocarcinoma of the esophagus is a rapidly fatal disease that is becoming more common
in the United States, Western Europe, Australia, and other industrialized nations (1-3).
Almost all cases of esophageal adenocarcinoma are thought to arise within areas of Barrett’s
esophagus (BE), a metaplastic change in the mucosal lining of the lower esophagus. The
rates of BE have increased rapidly during the past several decades (4-6).

Gastroesophageal reflux disease (GERD) has been strongly implicated as the primary causal
factor for BE, and is a very common condition among Western populations (7).
Epidemiological studies have reported >10-fold relative risks for BE associated with
frequent GERD symptoms (8,9). However, presence of GERD is a poor predictor of BE as
only 5-13% of people with symptoms of GERD will develop BE over their lifetime (10-13).
Thus, the various dimensions of GERD exposure such as frequency, duration, severity, and
age at onset of symptoms are likely to have an impact on risk.

Epidemiological studies have found that the risk of BE may increase linearly with increasing
frequency, severity, and duration of GERD symptoms (8,9). Although it has been shown that
people who develop GERD symptoms at an earlier age are at highest risk for esophageal
adenocarcinoma (14), it is unclear whether the magnitude of risk for BE associated with
GERD symptoms independent of duration is mediated by age at onset. Similarly, although it
has been shown that the risk of esophageal adenocarcinoma associated with GERD
symptoms is greater among smokers and people who are obese, the role of these potential
effect modifiers is less clear in BE. Thus, there may be other cofactors that further modulate
the effect of GERD on the risk of BE.

We therefore analyzed in this study the effects of multiple dimensions of GERD exposure
on the risk of BE. Specifically, we sought to quantify the effects of frequency and severity
of GERD that develops at an earlier age on the risk of BE, and to identify potential effect
modifiers of the association between GERD symptoms and BE.

METHODS

Study design and participants

We used data from a cross-sectional case—control study of BE performed at the Michael E.
DeBakey Veterans Affairs Medical Center in Houston, Texas (15). The study was approved
by the Institutional Review Boards for the Michael E. DeBakey Veterans Affairs Medical
Center and the Baylor College of Medicine. Patients aged 40-80 years undergoing an
elective esophagogastroduodenoscopy (“elective EGD group”) between 15 February 2008
and 31 December 2011, and patients scheduled for outpatient clinic visits in primary care (at
one of seven selected clinics in the Houston VA) between 1 September 2008 and 31
December 2010, who were also eligible for screening endoscopy (“primary-care group”),
were prospectively enrolled into the study (Supplementary Figure 1 online). The lower age
limit in the primary-care group was 50 as this is the age when screening colonoscopy is
recommended to commence. The purpose of enrolling patients seen in primary care was to
obtain controls without endoscopically suspected BE from the source population for BE
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cases at the Houston VA. These controls represent patients, who, if they had BE, would be
diagnosed with BE at the Houston VVA. None of the primary-care patients were primarily
referred for EGD and, if they agreed to participate in the study, underwent the study EGD at
the same time as their colonoscopy. The same eligibility criteria were used for both groups.
Patients with a previous history of gastroesophageal surgery, previous diagnosis of cancer
(esophageal, lung, liver, colon, breast, or stomach), currently taking anticoagulants, with
significant liver disease (as indicated by platelet count <70,000, ascites, or known
gastroesophageal varices), or a history of major stroke or mental disorder were ineligible for
the study. Among eligible patients in the elective EGD group, 70% completed the study
(underwent the study EGD and completed the study questionnaire). In the primary-care
group, 43% of eligible patients completed the study; however, among patients who actually
underwent their colonoscopy, 85% completed the study.

We compared BE cases with a primary-care control group without endoscopically suspected
BE on their study EGD. Eligible BE cases included patients from the elective EGD group or
the primary-care group with incident or prevalent BE. BE was defined as the presence of
specialized small intestinal epithelium in the histopathological examination of at least one
biopsy obtained from endoscopically suspected BE areas using Jumbo biopsy forceps. We
excluded endoscopically suspected BE patients without specialized intestinal metaplasia and
controls recruited from the elective EGD group from this analysis.

Presence and length of BE was recorded at the study EGD according to the Prague C & M
classification (16), and two pathologists reviewed all slides for endoscopically suspected BE
to determine the presence of specialized intestinal epithelium. Two investigators (HES and
ZQ) reviewed the study data-collection forms as well as the clinical reports for the study
EGD and biopsy results for all patients with endoscopically suspected BE, as well as a
randomly selected sample of 300 patients without endoscopically suspected BE. Overall, an
agreement on case—control status of approximately 90% was found; inconsistencies were
resolved by discussion with the study pathologists.

Measurement of exposure to GERD

All study participants completed an RA-administered computer-assisted survey before the
study EGD. We ascertained a history of GERD symptoms using a slightly modified version
of the validated Gastroesophageal Reflux Questionnaire (17). We asked participants about
experience of heartburn (“a burning pain or discomfort behind the breastbone in your chest”)
or acid regurgitation (“a bitter or sour-tasting fluid coming up into your throat or mouth”);
positive responses to these initial screening questions elicited further questions about age at
onset of symptoms and frequency of symptoms at ages 10-19, 20-29, 30-49, and 50-79
years, as applicable, on a five-point ordinal scale. See the questionnaire in the Appendix for
full details. We defined participants as never having had GERD symptoms if they reported
no symptoms of heartburn and acid regurgitation at all age periods; for all other participants,
frequency and severity of GERD symptoms were equal to their highest reported frequency
(and severity) of either heartburn or acid regurgitation. We defined “frequent symptoms” as
those occurring at least weekly. Cumulative GERD symptom duration (years) was defined
as the total number of years from age 10 to age at study recruitment in which a participant
had frequent GERD symptoms, and was calculated by summing all age intervals where at
least weekly GERD symptoms were reported.

Measurement of potential confounders

The survey asked participants about their education, history of tobacco smoking and alcohol
intake, medical history, ever use of H,-receptor antagonists and proton pump inhibitors
(PPIs), and use of aspirin and nonsteroidal anti-inflammatory drugs (NSAIDSs) in the last
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year. We calculated body mass index (BMI) by dividing weight (in pounds) by height (in
inches) squared and multiplying by 703, and we used the World Health Organization
categories (healthy weight: <25.0, overweight: 25.0-29.9, obese: =30). Never smokers were
defined as those who had smoked <100 cigarettes over their whole life, and we derived
cumulative packyears of smoking history. Participants were classified as positive for
Helicobacter pylori infection if organisms were seen on histopathological examination of
any of the study’s gastric biopsies, or if review of medical records revealed previously
positive biopsy or serum antibodies or treatment for H. pylori received.

Statistical analysis

RESULTS

Our primary aim was to quantify the associations between key measures of exposure to
GERD (age at onset, frequency, severity, and duration) and the risks of BE. We calculated
odds ratios (ORs) and 95% confidence intervals (Cls) using unconditional multivariate
logistic regression models. Any covariate that produced a change in the OR for symptoms of
GERD by =10% was included in the final model. Multivariate analyses are shown adjusted
for age at study recruitment (in years; continuous), sex, highest level of education (“school
only”, “technical college/ diploma”, and “university”), cumulative smoking history (“Never
smoker”, “<30 pack-years”, and “=30 pack-years”), BMI (continuous), alcohol intake (in
standard drinks/week; continuous), and use of aspirin or NSAIDs in the last year (“No”,
“Yes”). We examined potential statistical interactions between GERD variables and other
risk factors by including a multiplicative term in the multivariate model. To assess potential
biological interactions between GERD symptoms and other exposures in relation to the risk
of BE, we created new variables that reclassified participants according to their combined
exposure (see Supplementary Tables 4-6 online for full details) and tested for departure
from additivity using the Synergy Index (SI). A SI >1 indicates that the joint effect of two
risk factors on the risk of BE is greater than the sum of their independent effects and
suggests the presence of biological interaction.

Statistical significance was determined at a = 0.05, and all tests for statistical significance
were two-sided. All analyses were conducted using SAS version 9.2 (SAS Institute, Cary,
NC).

In total 245, BE cases and 455 primary-care controls completed the study, of whom 236 BE
cases (195 elective EGD patients and 41 primary-care patients) and 447 primary-care
controls had complete data on frequency and duration of GERD symptoms and were
included in the analyses. The BE case group included 185 patients with incident BE and 51
patients with prevalent BE. We present here the results for the combined case group
(incident + prevalent cases). The results from the analysis of incident BE cases only were
similar to those reported here for the combined group, and are provided as Supplementary
Material online only (Supplementary Tables 1-3 online).

Table 1 presents descriptive characteristics of the study participants. Mean age of study
participants was 62 years, and 97% of participants were male. BE cases were significantly
more likely to be white and have ever used PPIs, and significantly less likely to have H.
pylori infection compared with the primary-care controls. We found no differences in the
distributions of education, BMI, smoking, alcohol consumption, and use of aspirin or
NSAIDs between cases and controls.

Approximately 83% of BE cases reported ever experiencing GERD symptoms, with 19%
experiencing frequent GERD symptoms before the age of 30 years and 40% ever
experiencing severe symptoms. Compared with primary-care controls, BE cases were
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significantly more likely to report either ever using PPIs or ever experiencing GERD
symptoms (88.1% vs. 49.0%, P < 0.001).

Frequency of GERD symptoms, age at onset, and risk of BE

BE cases were significantly more likely than primary-care controls to have ever experienced
GERD symptoms (OR =5.70, 95% CI 3.86-8.42), and the risk of BE increased with
frequency of GERD symptoms (Table 2). When we examined the association between age at
onset of GERD symptoms and risk of BE (unadjusted for cumulative duration of GERD
symptoms; Table 2), the highest risks were observed among people reporting GERD
symptoms at earlier ages, and risk increased linearly with earlier age at onset (P-trend =
0.001). Compared with those with never GERD symptoms, people who developed frequent
symptoms of GERD before the age of 30 years (=weekly GERD symptoms, OR = 15.1, 95%
Cl 7.91-28.8) had higher risks for BE than those with first symptoms between ages 30 and
49 years (OR = 6.87, 95% Cl 4.22-11.2) and 50 to 79 years (OR = 4.73, 95% CI 2.91-7.67).
We performed separate analyses for associations between age at onset of heartburn
symptoms or acid regurgitation symptoms and risk of BE, and found similar magnitudes and
patterns of risk for BE to that observed for the combined GERD exposure variable (data not
shown).

Severity of GERD symptoms, age at onset, and risk of BE

Risk of BE increased with severity of GERD symptoms (Table 3). Compared with people
with never symptoms, those with any history of severe symptoms had 12-fold higher risk of
BE (OR =12.0, 95% CI 7.34-19.6). We found some evidence of higher BE risk in people
with younger age at onset severe symptoms (OR = 15.9, 95% CI 3.99-63.3), however, the
Cls for all categories were overlapping and the test for trend was not statistically significant
(P-trend = 0.87).

Cumulative GERD symptom duration, age at onset, and risk of BE

We found a significant linear trend of increasing risk of BE with increased cumulative
GERD symptom duration (Table 4; P-trend = 0.002). Among those with GERD symptoms,
BE risk increased almost 30% per 10 additional years of exposure (OR = 1.27, 95% ClI
1.13-1.42). For patients with cumulative GERD symptom duration <20 years, those who
developed frequent GERD symptoms before the age of 30 years had similar risks of BE to
those that developed symptoms later in life. However, when we modeled age at onset as a
continuous variable, early age at onset of GERD symptoms was associated with significantly
higher BE risk even after adjusting for cumulative GERD symptom duration also modeled
as a continuous variable (unadjusted for cumulative GERD symptom duration, OR per 10
year increase in age at onset = 0.75, 95% CI 0.65-0.87; adjusted for cumulative GERD
symptom duration, OR = 0.81, 95% CI 0.69-0.95).

Statistical and biological interaction of GERD symptoms and other risk factors for BE

The strength of the associations between GERD symptoms (frequency, duration, and age at
onset) and BE were consistent across strata of BMI, smoking history, use of aspirin or
NSAIDs, use of PPIs, and H. pylori infection, and all multiplicative interaction terms were
not statistically significant (data not shown). In analyses of combined exposure (examining
additive interaction), we found no evidence for a joint effect of GERD symptoms and BMI,
smoking status, or use of aspirin or NSAIDs (Supplementary Tables 4-6 online). However,
the risk of BE associated with frequent GERD symptoms was markedly lower among H.
pylori-positive patients compared with those negative for H. pylori (Supplementary Table 4
online). The relative risk for combined exposure was approximately 80% lower than
expected under the additive model (SI = 0.23, 95% CI 0.08-0.64). The pattern of effect was
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similar for duration of GERD symptoms (Sl = 0.12, 95% CI 0.03-0.53). Although not
statistically significant, the risk of BE because of the combined effects of GERD symptoms
and use of PPIs was approximately twofold higher than expected under simple additive
models (frequency of symptoms 10 years before diagnosis, SI = 1.84, 95% CI1 0.82-4.14;
duration, SI = 1.87, 95% CI 0.84-4.17; age at onset, SI = 2.15, 95% CI 0.77-6.02). Those
with early-onset GERD symptoms who reported PPI use had the highest risk of BE (OR =
31.1, 95% CI 13.9-69.7).

DISCUSSION

In this cross-sectional study, we confirmed that the presence, frequency, severity, and
duration of GERD symptoms are strong and significant risk factors for BE. Most
importantly, we found evidence that age at onset of frequent GERD symptoms may be an
indicator of increased risk of BE independent of duration of exposure. People with early
onset of frequent GERD symptoms and a history of PPI use were at an especially high risk
of BE, whereas risk of BE associated with GERD symptoms was significantly lower among
people positive for H. pylori. We found no evidence that the observed associations between
GERD symptoms and BE were modified by BMI, tobacco smoking, or use of aspirin or
NSAIDs.

Epidemiological studies have consistently shown that symptoms of GERD are the main risk
factor for BE (10,18-21). Although duration of GERD has been shown to be a risk factor for
BE (22,23), this study provides the first strong preliminary evidence that age at onset may
modify the effect of GERD on the risk of BE independent of duration of symptoms. We
found strong evidence that risk increased linearly with earlier age at onset of frequent GERD
symptoms, and some indication (albeit not statistically significant) that severe GERD at an
early age may be associated with higher risks of BE than severe GERD that developed later
in life. The increased risk of BE with early-onset frequent GERD symptoms is analogous to
that obtained for esophageal adenocarcinoma by Pandeya et al. (14) who showed that the
magnitude of risks was highest for those with frequent GERD symptoms before the age of
20 years. Analyses of data from an Australian case—control study for BE found greatest risk
in those with age at onset between 50 and 79 years (20). However, because the reference
group in that study included both those reporting no symptoms for all age intervals and those
with GERD symptoms present at other age intervals, the risk estimates at younger age
intervals may have been attenuated.

We can only speculate on the apparent increased risk of BE associated with younger age at
onset of GERD. This may represent mechanical disruption of the anti-reflux mechanism at
the gastroesophageal junction by the formation of a hiatus hernia, and/or genetic factors that
predispose to increased risk of BE. Family and twin studies have identified an inherited
tendency toward developing GERD, and a locus common to multiple families with severe
GERD has been found on 13q14 (24,25). Our finding may also reflect the presence of
additional risk factors (e.g., diet, medications, and childhood obesity) that promote the
development of early onset as well as severe GERD. Lastly, factors that have a dual but
independent effect on GERD as well as BE development such as abdominal obesity in
young age may also contribute to our finding of an association between younger age at onset
of GERD and increased BE risk.

Our data suggest that patients with BE were significantly more likely than primary-care
controls to have ever used PPIs, and among those with a history of PPI use, patients who
reported no GERD symptoms had eightfold increased risk of BE. Furthermore, like others
(9), we observed highest risk of BE in people with frequent or severe GERD symptoms who
have ever used PPIs, and some evidence of an additive interaction. Some have speculated
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that PPIs may increase BE risk by altering the stomach chemistry and promoting
asymptomatic episodes of bile reflux (26), and that acid and bile reflux may act
synergistically when present together (27). However, a more likely explanation is
confounding by indication, with severity of GERD symptoms acting as the underlying risk
factor associated with PPI use and BE. Increased risk of BE in patients with no GERD who
have ever used PPIs may be due to other conditions such as dyspepsia. Larger studies of
frequent, long-term PPI use are required to clarify these issues. On the other hand, we found
strong evidence of interaction between H. pylori and GERD symptoms. Our data suggest
that the possible protective effects of H pylori on BE should be greatest in those with more
frequent, early and long-lasting GERD symptoms.

Consistent with some previous epidemiological studies (9), but not all (28,29), we found no
association between smoking and BE in this study. Although a recent pooled analysis found
that BE risk among ever smokers approached twofold (30), given the high-level of
heterogeneity between studies, the results should be interpreted with caution. Like other
single-institution studies (9,28), we found no evidence of a synergistic effect between
smoking and GERD with regard to BE. Although GERD has been found to act
synergistically with obesity and use of aspirin or NSAIDs in studies of esophageal
adenocarcinoma (14,31), we in this study, and others previously (9), have found no evidence
that these factors interact with GERD with regards to risk of BE. However, these
nonsignificant findings may be because of a lack of power and warrant further investigation.

The major advantages of this study include the large sample size (largely white males, who
are most commonly affected by BE) and prospective enrollment of study participants, the
standardized histological definition used to diagnose BE, and the use of a comprehensive
survey to capture multiple dimensions of GERD exposure at different age intervals and
detailed data on many potential confounders. There are several limitations to our study.
Although we collected survey data before the study EGD to minimize potential recall and
interviewer bias, our case group included patients with incident and prevalent BE. Biased
recall among prevalent BE cases is possible; however, exclusion of these patients from the
analyses did not appreciably alter our results (Supplementary Tables 1-3 online). The
moderate participation rate in our study may have led to selection bias; however, as primary-
care controls had similar prevalence of frequent (weekly) GERD symptoms to the general
population (7), our results are unlikely to be explained by biased selection of the control
group. Although the cases had a lower limit of age compared with the controls, a series of
sensitivity analyses showed that the inclusion of all BE cases (aged 40-80 years) did not
appreciably bias the risk estimates for GERD symptoms in our study (data not shown).
Although we attempted to control for known confounders, we cannot completely rule out
residual confounding from unmeasured or poorly measured variables. Finally, because we
studied predominantly male veterans, our results may not be generalizable to women and
nonveterans.

In summary, in this cross-sectional study, there was a significant increase in the risk of BE
with earlier age at onset of frequent GERD symptoms. This knowledge may aid practitioners
in the selection of GERD patients for targeted screening for BE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial support: A.P.T. is supported by an Australian Postgraduate Award (University of Queensland) and the
Cancer Council NSW STREP grant 08-04. H.E.S. is supported by NCI R01 116845 and NIDDK K24-04-107. The

Am J Gastroenterol. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Thrift et al.

Page 8

work is supported in part by the Houston VA HSR & D Center of Excellence (HFP90-020) and by the Texas
Digestive Disease Center NIH DK58338.

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase of
esophageal adenocarcinoma incidence. J Natl Cancer Inst. 2005; 97:142-146. [PubMed: 15657344]

. Botterweck AA, Schouten LJ, VVolovics A, et al. Trends in incidence of adenocarcinoma of the

oesophagus and gastric cardia in ten European countries. Int J Epidemiol. 2000; 29:645-654.
[PubMed: 10922340]

. Stavrou EP, McElroy HJ, Baker DF, et al. Adenocarcinoma of the oesophagus: incidence and

survival rates in New South Wales, 1972-2005. Med J Aust. 2009; 191:310-314. [PubMed:
19769552]

. Kendall BJ, Whiteman DC. Temporal changes in the endoscopic frequency of new cases of Barrett’s

esophagus in an Australian health region. Am J Gastroenterol. 2006; 101:1178-1182. [PubMed:
16771933]

. Post PN, Siersema PD, Van Dekken H. Rising incidence of clinically evident Barrett’s oesophagus

in the Netherlands: a nation-wide registry of pathology reports. Scand J Gastroenterol. 2007; 42:17—
22. [PubMed: 17190757]

. Prach AT, MacDonald TA, Hopwood DA, et al. Increasing incidence of Barrett’s oesophagus:

education, enthusiasm, or epidemiology? Lancet. 1997; 350:933. [PubMed: 9314878]

. Dent J, EI-Serag HB, Wallander MA, et al. Epidemiology of gastrooesophageal reflux disease: a

systematic review. Gut. 2005; 54:710-717. [PubMed: 15831922]

. Anderson LA, Watson RGP, Murphy SJ, et al. Risk factors for Barrett’s oesophagus and

oesophageal adenocarcinoma: results from the FINBAR study. World J Gastroenterol. 2007;
13:1585-1594. [PubMed: 17461453]

. Smith KJ, O’ Brien SM, Green AC, et al. Current and past smoking significantly increase risk for

Barrett’s esophagus. Clin Gastroenterol Hepatol. 2009; 7:840-848. [PubMed: 19410015]

. Westhoff B, Brotze S, Weston A, et al. The frequency of Barrett’s esophagus in high-risk patients
with chronic GERD. Gastrointest Endosc. 2005; 61:226—231. [PubMed: 15729230]

Rex DK, Cummings OW, Shaw M, et al. Screening for Barrett’s esophagus in colonoscopy
patients with and without heartburn. Gastroenterology. 2003; 125:1670-1677. [PubMed:
14724819]

Malfertheiner P, Lind T, Willich S, et al. Prognostic influence of Barrett’s oesophagus and
Helicobacter pylori infection on healing of erosive gastro-oesophageal reflux disease (GORD) and
symptom resolution in non-erosive GORD: report from the ProGORD study. Gut. 2005; 54:746-
751. [PubMed: 15888776]

Voutilainen M, Sipponen P, Mecklin JP, et al. Gastroesophageal reflux disease: prevalence,
clinical, endoscopic and histopathological findings in 1,128 consecutive patients referred for
endoscopy due to dyspeptic and reflux symptoms. Digestion. 2000; 61:6-13. [PubMed: 10671769]
Pandeya N, Webb PM, Sadeghi S, et al. Gastro-oesophageal reflux symptoms and the risks of
oesophageal cancer: are the effects modified by smoking, NSAIDs or acid suppressants? Gut.
2010; 59:31-38. [PubMed: 19875392]

Kramer JR, Fischbach LA, Richardson P, et al. Waist-to-hip ratio, but not body mass index, is
associated with an increased risk of Barrett ’ s esophagus in white men. Clin Gastroenterol
Hepatol. 2013; 11:373-381. el. [PubMed: 23220167]

Sharma P, Dent J, Armstrong D, et al. The development and validation of an endoscopic grading
system for Barrett’s esophagus: the Prague C & M criteria. Gastroenterology. 2006; 131:1392—
1399. [PubMed: 17101315]

Locke GR, Talley NJ, Weaver AL, et al. A new questionnaire for gastroestophageal reflux disease.
Mayo Clin Proc. 1994; 69:539-547. [PubMed: 8189759]

Eloubeidi MA, Provenzale D. Clinical and demographic predictors of Barrett’s esophagus among
patients with gastroesophageal reflux disease: a multivariable analysis in veterans. J Clin
Gastroenterol. 2001; 33:306-309. [PubMed: 11588545]

Am J Gastroenterol. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Thrift et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9

Johansson J, Hakansson H-O, Mellblom L, et al. Risk factors for Barrett’s oesophagus: a
population-based approach. Scand J Gastroenterol. 2007; 42:148-156. [PubMed: 17327933]

Smith KJ, O’ Brien SM, Smithers BM, et al. Interactions among smoking, obesity, and symptoms
of acid reflux in Barrett’s esophagus. Cancer Epidemiol Biomarkers Prev. 2005; 14:2481-2486.
[PubMed: 16284367]

Winters C Jr, Spurling TJ, Chobanian SJ, et al. Barrett’s esophagus. A prevalent, occult
complication of gastroesophageal reflux disease. Gastroenterology. 1987; 92:118-124. [PubMed:
3781178]

Lieberman DA, Oehlke M, Helfand M. Risk factors for Barrett’s esophagus in community-based
practice. Am J Gastroenterol. 1997; 92:1293-1297. [PubMed: 9260792]

Eisen GM, Sandler RS, Murray S, et al. The relationship between gastroesophageal reflux disease
and its complications with Barrett’s esophagus. Am J Gastroenterol. 1997; 92:27-31. [PubMed:
8995932]

Romero Y, Locke GR 11l. Is there a GERD gene? Am J Gastroenterol. 1999; 94:1127-1129.
[PubMed: 10235180]

Post JC, Ze F, Ehrlich GD. Genetics of pediatric gastroesophageal reflux. Curr Opin Allergy Clin
Immunol. 2005; 5:5-9. [PubMed: 15643337]

Nason KS, Wichienkuer PP, Awais O, et al. Gastroesophageal reflux disease symptom severity,
proton pump inhibitor use, esophageal carcinogenesis. Arch Surg. 2011; 146:851-858. [PubMed:
21768433]

Vaezi MF, Richter JE. Synergism of acid and duodenogastroesophageal reflux in complicated
Barrett’s esophagus. Surgery. 1995; 117:699-704. [PubMed: 7778033]

Kubo A, Levin TR, Block G, et al. Cigarette smoking and the risk of Barrett’s esophagus. Cancer
Causes Control. 2009; 20:303-311. [PubMed: 18853262]

Anderson LA, Watson RG, Murphy SJ, et al. Risk factors for Barrett’s oesophagus and
oesophageal adenocarcinoma: results from the FINBAR study. World J Gastroenterol. 2007;
13:1585-1594. [PubMed: 17461453]

Cook MB, Shaheen NJ, Anderson LA, et al. Cigarette smoking increases risk of Barrett’s
esophagus: an analysis of the Barrett’s and Esophageal Adenocarcinoma Consortium.
Gastroenterology. 2012; 142:744-753. [PubMed: 22245667]

Whiteman DC, Sadeghi S, Pandeya N, et al. Combined effects of obesity, acid reflux and smoking
on the risk of adenocarcinomas of the oesophagus. Gut. 2008; 57:173-180. [PubMed: 17932103]

Am J Gastroenterol. Author manuscript; available in PMC 2014 June 01.



Thriftetal. Page 10

Am J Gastroenterol. Author manuscript; available in PMC 2014 June 01.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Thrift et al. Page 11

Table 1

Distributions of characteristics of cases and controls

BE cases Primary-care
Variable (n=236) controls (n=447) P value?
n (%) n (%)
Demographics
Mean age, year (s.d.) 61.8 (7.1) 62.1(6.7) 0.58
Male 229 (97.0) 431 (96.4) 0.67
White 205 (86.9) 247 (55.3) <0.001
Education
School only 105 (44.5) 203 (45.4) 0.83
Technical college/diploma 82 (34.7) 156 (34.9)
University 47 (19.9) 81 (18.1)
Missing 2(0.9) 7(1.6)
BMI
Mean (s.d.) 30.3(5.5) 30.8 (6.3) 0.99
<25.0 37 (15.7) 71 (15.9)
25.0-29.9 82 (34.7) 155 (34.7)
>30 117 (49.6) 221 (49.4)
Cumulative smoking exposure
Never smoker 54 (22.9) 111 (24.8) 0.26
0-29.9 pack-years 89 (37.7) 188 (42.1)
>30 pack-years 93 (39.4) 148 (33.1)
Alcohol-drinking status
Nondrinker 18 (7.6) 29 (6.5) 0.70
Ex-drinker 88(37.3) 163 (36.5)
Current drinker 130 (55.1) 253 (56.6)
Missing 0(0.0) 2(0.4)
Helicobacter pylori status
Negative 189 (80.1) 283 (63.3) <0.001
Positive 41 (17.4) 151 (33.8)
Missing 6 (2.5) 13 (2.9)
Medications
Ever used PPIs 171 (72.5) 99 (22.2) <0.001
Ever used H2RA 22 (9.3) 26 (5.8) 0.09
Aspirin or NSAIDs in the last year 145 (61.4) 280 (62.6) 0.76

BE, Barrett’s esophagus; BMI, body mass index; H2RA, H2-receptor antagonist; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton pump
inhibitor; s.d., standard deviation.

a . . . . .
P values were for the comparison between cases and controls and were obtained using Student’s t-test for continuous variables and Xz—tests for
categorical variables.
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Table 2

Multivariate analyses of the associations between frequency of GERD? symptoms and BE

Primary-care

Frequency of GERD BE cases, controls,
symptoms n (%) n (%) ORP (95% ClI)
Ever
No 41 (17.4) 241(539)  1.00 (Ref)
Yes 195(82.6) 206 (46.1) 570 (3.86,8.42)
At age 10-19 years
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
=1 time per month 7(3.0) 0(0.0) — —
1 time per week 5(2.1) 0 (0.0) — —
>1 time per week 10 (4.2) 3(0.7) 20.3 (5.28,78.0)
No symptomsC 173(733)  203(454) 514 (3.47,7.61)
At age 20-29 years
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
=1 time per month 9(3.8) 8(1.8) 7.07 (2.53,19.8)
1 time per week 12 (5.1) 8(1.8) 8.32 (3.19,21.7)
>1 time per week 30 (12.7) 9 (2.0 20.7 (9.03,47.3)
No symptomsC 144 (61.0)  181(405) 479 (3.20,7.16)
At age 3049 years
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
>1 time per month 18 (7.6) 34 (7.6) 3.29 (1.69,6.42)
1 time per week 25 (10.6) 26 (5.8) 6.17 (3.20,11.9)
> 1 time per week 94 (39.8) 59 (13.2) 104 (6.38,16.8)
No symptoms® 58 (24.6) 87 (19.5) 385 (2.39,6.18)
At age 50-79 years
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
>1 time per month 20 (8.5) 49 (11.0) 241 (1.30,4.48)
1 time per week 29 (12.3) 37 (8.3) 479 (2.64,8.71)
>1 time per week 109 (46.2) 94 (21.0) 7.4  (4.60,11.1)
No symptomsC 37 (15.7) 26 (5.8) 8.82 (4.66,16.7)
10 years before diagnosis
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
>1 time per month 19 (8.0) 46 (10.3) 243  (1.29,4.57)
1 time per week 30 (12.7) 33(7.4) 554 (3.03,10.1)
>1 time per week 122 (51.7) 100 (22.4) 750 (4.87,11.6)
No symptomsC 24(10.2) 27 (6.0) 544 (2.83,104)
Frequency of GERD and age at onset
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
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Primary-care

Frequency of GERD BE cases, controls,

symptoms n (%) n (%) ORP (95% ClI)
>Weekly age <30 years 45 (19.1) 18 (4.0) 151 (7.91,28.8)
>Weekly age 3049 years 74 (31.4) 69 (15.4) 6.87 (4.22,11.2)
>Weekly age 50-79 years 58 (24.6) 72 (16.1) 473 (2.91,7.67)
<Weekly age <30 years 5(2.1) 6(1.3) 517 (1.48,18.1)
<Weekly age 30-49 years 6 (2.5) 21 (4.7) 1.73  (0.65, 4.58)
<Weekly age 50-79 years 7(3.0) 20 (4.5) 2.04 (0.80,5.18)

BE, Barrett’s esophagus; Cl, confidence interval; GERD, gastroesophageal reflux disease; OR, odds ratio.

a . . . -
Highest reported symptoms of either heartburn or acid regurgitation.

Page 13

Adjusted for age, sex, highest level of education, cumulative smoking history, body mass index, alcohol intake, and use of aspirin or nonsteroidal

anti-inflammatory drugs.

C .
'Symptoms were present at other age intervals.
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Multivariate analyses of the association between severity of pain from GERD? and BE
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Severity of pain from GERD BE cases, n (%) Primary-care controls, n (%) ORDb (95% CI)
Ever
Never symptoms 41 (17.5) 241 (53.9) 1.00 (Ref)
Mild 29 (12.3) 67 (15.0) 243 (140, 4.22)
Moderate 71(30.2) 89 (19.9) 5.00 (3.20,8.11)
Severe 94 (40.0) 50 (11.2) 120 (7.34,19.6)
At age 10-19 years
Never symptoms 41 (29.1) 241 (63.2) 1.00 (Ref)
Mild 10 (7.1) 0(0.0) — —
Moderate 9(6.4) 3(0.8) 17.3  (4.44,67.7)
Severe 4(2.8) 0(0.0) — —
No symptomsC 77 (54.6) 137 (36.0) 332 (2.14,5.16)
At age 20-29 years
Never symptoms 41 (25.0) 241 (61.3) 1.00 (Ref)
Mild 21 (12.8) 11 (2.8) 112 (4.95,25.2)
Moderate 23 (14.0) 11 (2.8) 129 (5.78, 28.8)
Severe 8 (4.9) 3(0.8) 16.0 (4.02,64.1)
No symptomsC 71(43.3) 127 (32.3) 333 (2.14,5.20)
At age 3049 years
Never symptoms 41 (19.2) 241 (56.6) 1.00 (Ref)
Mild 29 (13.6) 51 (12.0) 342 (1.93,6.05)
Moderate 57 (26.8) 44 (10.3) 8.90 (5.17,15.3)
Severe 50 (23.5) 23 (5.4) 13.3  (7.19, 24.5)
No symptomsC 36 (16.9) 67 (15.7) 3.05 (1.80,5.19)
At age 50-79 years
Never symptoms 41 (18.1) 241 (54.8) 1.00 (Ref)
Mild 29 (12.8) 61 (13.9) 258 (1.47,4.52)
Moderate 58 (25.5) 84 (19.1) 436 (270, 7.06)
Severe 70 (30.8) 33(7.5) 13.6  (7.89, 23.6)
No symptomsC 29 (12.8) 21(4.8) 9.44 (4.65,19.2)
Severity of pain from GERD and age at onset
Never symptoms 41 (17.4) 241 (53.9) 1.00 (Ref)
Severe GERD < 30 years 8 (3.4) 3(0.7) 159 (3.99, 63.3)
Severe GERD 30-49 years 44 (18.7) 21 (4.7) 132 (6.97,24.9)
Severe GERD 50-79 years 42 (17.9) 26 (5.8) 106 (5.77,19.5)
Less-severe GERD < 30 years 25 (10.6) 20 (4.5) 7.94 (3.98,15.8)
Less-severe GERD 30-49 years 45 (19.2) 65 (14.5) 452 (2.68,7.61)
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Severity of pain from GERD BE cases, n (%)  Primary-care controls, n (%) ORP (959% CI)

Less-severe GERD 50-79 years 30 (12.8) 71 (15.9) 235 (1.36,4.07)

BE, Barrett’s esophagus; Cl, confidence interval; GERD, gastroesophageal reflux disease; OR, odds ratio.
aHighest severity of pain from either heartburn or acid regurgitation.

Adjusted for age, sex, highest level of education, cumulative smoking history, body mass index, alcohol intake, and use of aspirin or nonsteroidal
anti-inflammatory drugs.

C .
Symptoms were present at other age intervals.
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