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Abstract

Conditions causing high iron levels, such as hemochromatosis, are proposed risk factors for
esophageal adenocarcinoma. Although this hypothesis is supported by animal models, no human
data currently exist. We conducted a case-control study of persons with a new Barrett’s esophagus
diagnosis (cases), persons with gastroesophageal reflux disease (GERD) (without Barrett’s
esophagus), and population controls. Subjects completed detailed examinations and assays for
hemochromatosis mutations and serum iron stores. We evaluated 317 cases, 306 GERD patients, and
308 population controls. There was no significant association between Barrett’s esophagus and any
hemochromatosis gene defect (odds ratio [OR] = 1.32, 95% confidence interval [CI]: 0.95-1.84), a
moderate or severe mutation (OR = 1.54, 95% CI: 0.94-2.52), or a severe mutation (C282Y
homozygote or C282Y/H63D heterozygote; OR = 0.77, 95% CI: 0.24-2.48) compared with the
population controls. As expected, gene defects were associated with increased iron stores. We can
conclude from our findings that Barrett’s esophagus was not associated with hemochromatosis gene
defects, although we cannot exclude small effects.
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Background

The incidence of esophageal adenocarcinoma has increased by over 500% within the United
States during the last three decades [1]. A proposed modifiable risk factor is a high total body
iron concentration, due to diet or from conditions that cause excessive iron absorption, such
as mutations in the hemochromatosis gene [2-4]. Defects in this gene are associated with
increased total body iron stores, an increase in oxidative stress, and an increased risk of both
hepatic and non-hepatic malignancies [5-10]. C282Y homozygotes (i.e., subjects who possess
two copies of this mutation) are at the highest risk for iron overload and have an increased
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cancer risk. C282Y heterozygotes (who possess a single copy of this abnormal gene) and
compound heterozygotes (who possess one copy with a C282Y mutation and one copy with a
H63D mutation) may also be at somewhat increased risk [11-15].

Barrett’s esophagus, a metaplastic change in the esophageal lining from its usual squamous
epithelial lining, may represent an early event in the carcinogenesis of esophageal
adenocarcinoma [16]. Persons with Barrett’s esophagus have a 30- to 40-fold increased risk
of esophageal adenocarcinoma; the evaluation of risk factors for Barrett’s esophagus thus
permits the investigation of potential early events in the carcinogenic pathway for esophageal
adenocarcinoma, and also allows the investigation of risk factors that may be affected by the
cancer itself, such as iron stores [16].

The investigation of a potential link between hemochromatosis gene defects, Barrett’s
esophagus, and esophageal adenocarcinoma is intriguing for several reasons [2]. First, several
studies suggest that conditions which increase the total body iron stores may increase the risk
of both hepatic and non-hepatic malignancies [5-10]. Second, animal models indicate that iron
supplementation before reflux-induced esophageal injury markedly increases the incidence of
esophageal columnar metaplasia and esophageal adenocarcinoma [4]. Third, Barrett’s
esophagus and esophageal adenocarcinoma are much more commonly found among males and
among Caucasians [17]. Caucasians are more likely to have hemochromatosis gene defects
than African-Americans, and men with hemochromatosis gene defects are more likely to have
iron overload than women with similar defects [12-14,18-22]. The potential patterns of
hemochromatosis gene defects thus approximate the distributions of Barrett’s esophagus and
esophageal adenocarcinoma in the population. Fourth, hemochromatosis gene defects are some
of the most common genetic disorders in many countries; homozygotes are found in 1-2% of
some populations, heterozygotes in 5% of the general population in the United States, and at
least one mutation can be found in up to 46% of some populations, although the relevance of
some mutations is unclear [11,18,23,24]. Finally, if iron overload from hemochromatosis
clearly increased the risk of Barrett’s esophagus or esophageal adenocarcinoma, it could be
readily identified and treated with iron-reduction strategies.

We conducted a case-control study of the associations between hemochromatosis gene status,
iron stores associated with gene defects, and a new diagnosis of Barrett’s esophagus within a
non-referral, community-based population.

Design and Methods

Study Population

We conducted a nested case-control study within the Kaiser Permanente, Northern California
(KPNC) population, an integrated health services delivery organization. KPNC contains
approximately 3.3 million people and its membership demographics closely approximate the
underlying census population of Northern California [25]. The eligible subjects were all adult
(aged 18-79 years) KPNC members who were continuously enrolled for at least 2 years prior
to their index period, met the case or control definitions outlined below, and were able to
understand spoken and written English. The study compared cases (subjects with a new
diagnosis of Barrett’s esophagus) with a population control group and another control group
of subjects with a diagnosis of gastroesophageal reflux disease (GERD). The control groups
were frequency-matched to the cases by age at the index date, gender, and geographic region
(each subject’s home facility). The index date for the Barrett’s esophagus cases was the date
of diagnosis. The index date for the control groups was the midpoint of each 2—3-month
selection interval for the cases.
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Case Definition

Cases were eligible members who received a new Barrett’s esophagus diagnosis between
October 2002 and September 2005. Newly diagnosed patients were serially identified during
the recruitment period using the International Classification of Disease, 9th revision (ICD-9)
code 530.2, which, at KPNC, is uniquely coded on reporting sheets as “Barrett’s esophagitis.”
A single board-certified gastroenterologist (DAC) then reviewed the endoscopy and pathology
records. Subjects were included if the endoscopist clearly described a visible length of
columnar-type epithelium proximal to the gastroesophageal junction/gastric folds, this area
was biopsied, and the biopsies showed specialized intestinal epithelium [16]. Patients were
excluded if they had a prior Barrett’s esophagus diagnosis, if no pathology evaluations
demonstrated intestinal metaplasia, or if, to minimize misclassification, the biopsies were only
from an irregular squamocolumnar junction (i.e., an “irregular z-line”). Pathology slides
underwent a separate manual review by a gastrointestinal pathologist (GJR).

Population Controls

Population controls were randomly selected from at risk members of the entire Northern
California Kaiser membership roster using risk set sampling; this method matches controls
who are disease-free (no prior Barrett’s esophagus) at the time of the Barrett’s esophagus
diagnosis in their respective cases [26].

GERD Comparison Group

GERD comparison group members were randomly selected from among persons with the
following characteristics prior to the index date: a GERD-related diagnosis code (ICD-9 codes
530.11 [reflux esophagitis] or 530.81 [gastroesophageal reflux]); a prescription for at least 90
days supply of a histamine-2 receptor antagonist or a proton pump inhibitor in the previous
year (using electronic pharmacy records); no prior Barrett’s esophagus diagnosis; and
performance of an esophagogastroduodenoscopy (in proximity to the index date of the case
group) that did not demonstrate visible changes of esophageal columnar metaplasia of any

type.

Exposure Measurements

All study subjects completed the following: an in-person interview of GERD symptoms,
medication use, and medical history; a validated food frequency questionnaire (the Block 1998
full-length, 110 food items) [27-30]; phlebotomy; and anthropometric measurements. Subjects
reported symptoms, diet, and exposures in the year prior to their index date.

Hemochromatosis gene status for the C282Y and H63D gene defects were performed at the
Kaiser Permanente regional genetics laboratory utilizing commercially available assays.

The serum ferritin and iron saturation levels, two indirect measures of total body iron stores,
were measured using standard assays at a regional commercial clinical laboratory [31-33].
Reproducibility over the course of the study was confirmed using serial specimens in a test
subject and samples were run in mixed batches of cases and controls.

Confounding and Effect Modification

We evaluated the following as potential confounders of the phenotypic expression (high iron
load) of the hemochromatosis phenotype: dietary iron intake, aspirin or nonsteroidal anti-
inflammatory drug (NSAID) use, ethnicity (classified as Caucasian vs. non-Caucasian due to
the small sample sizes in the ethnic subgroups), smoking status (at least 20 packs of cigarettes
over a lifetime vs. never smoked), recent alcohol use, body mass index (BMI), Helicobacter
pylori antibody status, a comorbidity index (the DxCg score, which creates a predictive

Dig Dis Sci. Author manuscript; available in PMC 2009 April 20.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Corley et al.

Page 4

comorbidity score based on demographic data, medical coding, and pharmacy utilization)
[34,35], caloric intake, waist circumference, highly sensitive c-reactive protein (a measure of
systemic inflammation), and anti-oxidant intake (using an index of beta carotene, vitamin C,
vitamin E, beta-carotene, and selenium). We examined the potential impact of non-response
bias (differences between participants vs. eligible non-participants) using electronic data (BMI,
smoking status, ethnicity, age, gender, DxCg score, and GERD diagnosis) from the databases.

Statistical Analysis

Results

The analysis utilized unconditional logistic regression [26,36—38]. A full model was created
using possible confounders. Then, each variable was removed singly in a stepwise fashion;
those with the weakest statistical association were removed first. After each factor was
removed, the model was evaluated for changes in the odds ratio (OR) on the main
hemochromatosis—Barrett’s esophagus association. Confounding was considered to be present
(and the variable retained in the final model) if inclusion altered the OR by >10%. We examined
effect modification (e.g., the influence of age or ethnicity on the associations) using cross-
product terms in the logistic regression model and generating stratum-specific ORs [38].
Comparisons of proportions used the binomial distribution. The study and analyses were
approved by the institutional review board. Analyses used the STATA statistical package
(version 8, STATA Corp., College Station, TX).

Study Population

Details of the population have been previously published [39]. We interviewed 953 subjects;
whole-blood samples for hemochromatosis gene analysis were completed for 931 cases (98%
of the interviewed subjects): 317 cases, 306 GERD patients, and 308 population controls. The
general subject characteristics are provided in Table 1. Among the cases, the length of the
Barrett’s segment was <3 c¢cm in 118 subjects (37%), >3 cm in 150 subjects (47%), and the
length was not reported in 51 subjects (16%).

Hemochromatosis Gene Status

Hemochromatosis gene mutation status was not consistently associated with the risk of
Barrett’s esophagus (Tables 2 and 3). Patients with Barrett’s esophagus were not statistically
significantly more likely to have any gene mutation than the population controls, though
Barrett’s esophagus cases were somewhat more likely to have any gene mutation than the
GERD controls. Moderate and severe mutations, the mutations most often associated with iron
overload, were not statistically significantly more common among Barrett’s esophagus patients
than among the population controls. The main serious mutation associated with iron overload
(C282Y homozygote) was found in similar frequencies among cases (two persons, 0.6%),
GERD patients (one person, 0.3%), and population controls (two persons, 0.6%).

There was no statistical evidence of differences in the association (effect modification) by race
(P-value interaction term = 0.47), although whites were more likely to have a moderate or
severe gene defect than non-whites (103 [18%] vs. 15 [10%] persons with defects, P = 0.02).
Moderate or severe mutations were not more common among persons with Barrett’s esophagus
in either whites (OR = 1.21, 95% CI: 0.72-2.04; cases vs. population controls) or non-whites
(OR =1.70, 95% CI: 0.68-4.22).

There was no difference in the frequency of moderate or severe mutations between men and

women (85 [17%] vs. 33 [15%], respectively, P = 0.42). There was no statistical evidence of
interaction by sex (P-value on interaction term for moderate or severe defect = 0.17). However,
in analyses stratified by sex, men with Barrett’s esophagus were more likely than population
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controls to have a moderate or severe mutation (OR = 1.87, 95% CI: 1.03-3.37), whereas
women were not (OR = 0.93, 95% CI: 0.37-2.35), although the confidence intervals between
the genders overlapped broadly and this association was not present for the most severe
mutation most commonly associated with iron overload.

Hemochromatosis Gene Status and Serum Iron Stores

We found the expected increases in iron stores among persons with moderate or severe
hemochromatosis gene defects. If hemochromatosis gene defects increase the risk of Barrett’s
esophagus, the hypothesized mechanism would be through the accumulation of higher iron
stores; thus, we would expect that hemochromatosis gene defects would be associated with
higher iron stores. We evaluated this hypothesis by assessing whether persons with a
hemochromatosis gene mutation were at increased risk of being in the third or fourth quartiles
of serum iron stores.

The presence of any mutation, or a moderate or severe mutation, did significantly increase the
risk of being in the fourth quartile of transferrin saturation among the population as a whole
and among two of the subgroups (the Barrett’s esophagus group and the GERD group) (Table
4), though the confidence intervals were broad and overlapping between the groups.

The presence of any hemochromatosis gene defect, or a moderate to severe mutation, was not
associated with a significantly increased risk of being in the fourth quartile of serum ferritin
concentration in the population as a whole (Table 4), although, when broken down by case and
control subgroups, there was an increased risk of being in the fourth quartile among persons
with Barrett’s esophagus, though the confidence intervals were broad and overlapping between
the groups.

Supplemental Analyses

There was no evidence of confounding by caloric intake, BMI, waist circumference, smoking
status, alcohol use, aspirin use, nonsteroidal anti-inflammatory agents, H. pylori antibody
status, socioeconomic status (as measured by either educational level or income), or
comorbidity (DxCg score). Serum iron stores may be altered by systemic inflammation [40];
however, adjusting for a sensitive serum marker of inflammation (highly sensitive c-reactive
protein) did not alter the observed associations for iron stores.

Discussion

This is the first study to examine the association between hemochromatosis gene defects, their
related changes in iron stores, and the risk of Barrett’s esophagus. The results indicate that
patients with Barrett’s esophagus do not have a statistically significantly increased risk of the
hemochromatosis gene defects most strongly associated with iron overload. Although some
gene defects were somewhat more common among subjects with Barrett’s esophagus, this was
mainly due to mutations of the H63D gene, which, by itself, is not consistent with iron overload,
and these differences were not greater than those attributable to chance alone. As expected,
subjects with moderate or severe gene defects were more likely to have increased serum iron
transferrin saturations (though not clearly serum iron ferritin concentrations), but since the
mutations were not significantly more common among patients with Barrett’s esophagus, this
did not translate into an average increased risk of iron overload among patients with Barrett’s
esophagus compared with controls.

There are plausible mechanistic links between iron and esophageal adenocarcinoma. Iron may
cause DNA damage (possibly through oxidative stress) [41], enhance cancer cell replication,
and down-regulate the immune system surveillance that detects malignant cells [42,43].

Dig Dis Sci. Author manuscript; available in PMC 2009 April 20.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Corley et al.

Page 6

Esophageal populations of Barrett’s esophagus cells are frequently clonal, thus, iron could
theoretically act as both an initiator and promoter of clonal growth in Barrett’s esophagus
[44].

Human studies, although somewhat conflicting, have generally suggested that persons with
hemochromatosis or high iron stores have an increased risk of hepatic and non-hepatic
malignancies [5,6,9,10,45-47], and possibly of esophageal carcinoma, although this latter
study included only two cancer cases who were not stratified by histology (squamous vs.
adenocarcinoma) [9]. It is unclear, however, whether hemochromatosis may increase cancer
risk through increased iron loads or whether the association is through other iron-independent
interactions with the hemochromatosis gene. Animal studies have indicated that iron
supplementation itself markedly increased the risk of esophageal adenocarcinoma [4].

In contrast, a human dietary study suggested that persons with esophageal adenocarcinoma
had lower than average dietary iron intakes [48]. A recent study by our group similarly found
that persons with Barrett’s esophagus had lower dietary iron intakes and lower average iron
stores than the population controls. The current study now suggests that, among a large
community-based sample, persons with Barrett’s esophagus also are not substantially more
likely to have certain genetic defects that increase iron stores.

There are plausible reasons for why the current results differ from the animal models of
esophageal adenocarcinoma. The animal models used surgery to induce bile reflux and these
conditions differ markedly from human reflux physiology. In addition, it is unknown where,
if at all, iron may act in the carcinogenic sequence. Iron may increase the risk of neoplastic
transformation from Barrett’s esophagus to esophageal adenocarcinoma, but may not increase
the risk of Barrett’s esophagus itself.

There are several strengths of this analysis. First, the subjects came from a population that
closely approximates the region’s census demographics, thus, the results can likely be
generalized to similar large populations. Second, this is the first study to use only patients with
a new diagnosis of Barrett’s esophagus and the study identified all patients with an incident
diagnosis within the population. Prevalent or referral patients may have a different clinical
course or may be more compliant with follow-up; prevalent patients may also have initiated
changes in supplement use, dietary iron intake, or other behaviors after their Barrett’s
esophagus diagnosis [49]. The use of incident cases thus minimizes selection bias. Third, the
availability of a GERD comparison group provided information on the risk of Barrett’s
esophagus among patients with GERD. This permitted us to evaluate the question of whether
hemochromatosis gene status may help determine why only some persons with GERD develop
Barrett’s esophagus. Finally, the data were of high quality. The measurements used a systematic
protocol, established referral laboratories, and enabled direct review of the endoscopy and
pathology results.

There are several potential limitations of this analysis. First, observational studies cannot
definitively establish cause and effect [26]. Although the hemochromatosis gene status is fixed
for each person, the conditions associated with Barrett’s esophagus (i.e., gastroesophageal
reflux disease) may cause esophagitis, low levels of blood loss, and lower iron stores that
influence the phenotype (i.e., iron overload). However, results from the analyses of iron stores
by hemochromatosis gene status that excluded subjects with esophagitis and other disorders
at the time of the endoscopy were similar to the results from analyses that included such
patients. Second, observational studies are subject to confounding by other factors. Although
our analyses provided little evidence of confounding, we cannot exclude incomplete control
of confounding from measured or unmeasured factors. Third, the presence of nonresponders
may lead to bias; however, the electronic data suggested that nonresponders were, on average,
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similar to responders on several demographic variables. The nonresponders were, however,
slightly healthier than the responders, with lower comorbidity scores. There are no clear reasons
as to why hemochromatosis gene status would lead to a selection bias.

In summary, in a non-referral population, there was no statistically significant association
between the presence of hemochromatosis gene defects and the risk of Barrett’s esophagus,
particularly for the major defects most strongly associated with iron overload. These findings
do not provide general support for the hypothesis that a genetic condition associated with
increased iron stores acts as a substantial risk factor for Barrett’s esophagus, although the
infrequency of severe mutations limited the study’s power to evaluate for small to moderate
effects from severe mutations. Future studies are needed to confirm these results and to evaluate
whether iron stores modify the risk of Barrett’s esophagus progressing to esophageal
adenocarcinoma.
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Table 1

Characteristics of the study groups
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Cases Number or mean
(% or standard

GERD controls Number
or mean (% or standard

Population controls
Number or mean (% or

deviation) deviation) standard deviation)
Number of subjects 317 306 308
Age (years)
20-39 9(3) 12 (4) 9(3)
40-59 119 (38) 110 (36) 104 (34)
60-79 189 (60) 184 (60) 195 (64)
Race
White 275 (87) 244 (80) 260 (84)
Hispanic 25 (8) 20 (7) 13 (4)
Black 4(1) 20 (7) 16 (5)
Asian/Pacific islander 4(1) 11 (4) 11 (4)
Others 7(2) 8(3) 6(2)
Unknown 2(1) 2(1) 1(0)
Sex
Male 232 (73) 211 (69) 211 (69)
Smoking status (ever smoked) 209 (66) 181 (59) 171 (56)
Mean serum ferritin 116 (£132) 130 (£135) 157 (£138)
Mean transferrin saturation 21% (+10) 22% (+10) 22% (£8)
Mean BMI (kg/m?) 30 (+6) 29 (£5) 29 (+6)

Dig Dis Sci. Author manuscript; available in PMC 2009 April 20.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Corley et al.

Distribution of hemochromatosis gene mutations between Barrett’s esophagus cases and controls

Table 2
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GERD controls

Population controls

Hemochromatosis gene patterns Cases Number (%) Number (%) Number (%)
Wild type/wild type 187 (59.0) 207 (67.7) 202 (65.6)
Wild type/H63D 81 (25.6) 63 (20.6) 73(23.7)
Wild type/C282Y 33 (10.4) 27 (8.8) 22 (7.1)
H63D/H63D 11 (3.5) 6 (2.0) 4(13)
C282Y/H63D 3(1.0) 2(0.7) 5 (1.6)
C282Y/C282Y 2(0.6) 1(0.3) 2(0.7)
Total 317 306 308
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Table 3
Association between hemochromatosis gene status and Barrett’s esophagus
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Number of Barrett’s Barrett’s esophagus vs. Barrett’s esophagus vs.
esophagus/GERD/ population controls OR (95% GERD patients OR (95% CI)

Mutation status population cn? a

No mutation 187/207/202 1.0 1.0

Mild mutationb 81/63/73 1.21 (0.83-1.77) 1.39 (0.94-2.05)

Moderate mutation® 44/33/26 1.75 (1.03-2.97) 1.40 (0.85-2.31)

Severe mutationd 5/3/7 0.77 (0.24-2.48) 1.90 (0.45-8.12)

Any mutation® 130/99/106 1.32 (0.95-1.84) 1.41 (1.01-1.97)

Moderate or severe mutation 49/36/33 1.54 (0.94-2.52) 1.45 (0.90-2.33)

aOdds ratios are adjusted for gender, age, ethnicity, and smoking status
bWild type/H63D

€c282Y/wild type, H63D/H63D

dC282Y/H63D, C282Y/C282Y

eAny subject without wild type/wild type
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