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Abstract

Esophageal adenocarcinoma (EA) incidence is among the most rapidly increasing of any cancer
type in the U.S., and prognosis is poor. Prevalence of the potential precursor lesion, Barrett's
esophagus (BE), is also increasing. Candidates for safe and effective risk reduction strategies are
needed, potentially including dietary components. In this qualitative review, we summarize
recently published epidemiologic studies, in context of earlier work, on dietary intake and BE-EA
outcomes. Potential cohort study/intervention trial candidates which could be increased to reduce
BE-EA development include intake of: (1) fruits and vegetables; vegetables; fruit (EA only); (2) B-
carotene and vitamins C and E; (3) folate (EA only); and (4) total fiber (EA only). Also, (5) red
and processed meat intake could be targeted for dietary reduction/omission to reduce EA
development. Few dietary constituents have been evaluated among EA patients to examine
associations with mortality, thus interventions conducted among EA patients are premature.
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Introduction

Esophageal adenocarcinoma (EA) incidence is one of the most rapidly increasing of any
cancer type in the United States (U.S.) [1] and prognosis is very poor (median survival is
often less than a year) [2, 3]. EA appears to develop through a sequence of pathologic events
[4], whereby chronic or severe gastroesophageal reflux disease (GERD) can cause ulceration
of the normal squamous mucosa. This is followed, in some, by the development of Barrett's
esophagus (BE) [5], the only known potential precursor of EA [6]. As EA often presents at
an advanced stage, there are few effective treatment options [7]. Major EA risk factors
include white race, male gender, GERD, obesity, and tobacco use [8]. Decreased tobacco
use in the U.S. over the past few decades is attributed to personal and societal interventions
[9]. Obesity prevalence has increased during this same time period [10]. Unfortunately,
recidivism after weight loss is over 90% [11]. Thus, given the etiologic complexity of BE-
EA continuum outcomes, additional risk reduction factors, or potential chemopreventives,
are needed.

EA incidence rates vary 60-fold between high and low incidence countries [12]. Geographic
differences do not appear to be due solely to genetic variation between racial/ethnic groups,
as EA incidence rates in migrants from Asia, a low EA incidence country, to the U.S., a high
EA incidence country, begin to approach those of European-Americans among the migrants
as well as subsequent generations [13, 14, 15]. These epidemiologic observations have led to
the hypothesis that geographic variability is in part due to differences in environmental
exposures, including composition of diet, micronutrient intake, and dietary compounds [16,
17].

Our review synthesizes recent findings from population studies focused on dietary intake in
relation to outcomes along the BE-EA continuum, published since 2010. By considering
dietary associations along the BE-EA continuum (normal tissue — Barrett's esophagus —
esophageal adenocarcinoma — mortality), our goal is to identify components of the diet
with promise as potential interventions to reduce the likelihood of developing or dying from
EA.

Our synthesis (see Table 1) uses the following considerations that are known to influence
the interpretation of population research focused on dietary intake and BE-EA continuum
outcomes: study design (the case-control approach is most commonly used, given the
relative rarity of the study outcomes, although cohort studies are just now coming to
fruition); study population (most studies primarily identify those at high-risk, older, white
men in Western countries, because identifying the rarer low-risk subgroups of women and
minorities is challenging); diet assessment method (most case-control and cohort studies
have relied primarily on food frequency questionnaires (FFQ) to assess relative intake,
although biomarkers or even repeat 24-hour recalls are currently considered superior
approaches); dietary intake definitions (most consider micro-nutrients, macro-nutrients or
food groups, with more recent efforts [18, 19, 20] considering dietary patterns, which may
better mimic the complexity of dietary exposures, but are difficult to translate into public
health messages [21]); BE-EA continuum outcome assessment (most studies focus on EA
incidence, a few consider BE development, and almost none consider EA mortality, whereas
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consideration of the full BE-EA continuum would improve our ability to identify the timing
of the exposure most optimal for implementing interventions); strength of the association
(comparing the highest category of dietary intake exposure to the lowest); the extent to
which a dietary component has been examined in a population setting (with the better-
studied dietary components (five or more studies on the given compound) given higher
consideration); and consistency of the findings (across epidemiologic studies and with
laboratory-based experimental evidence).

Fruits and Vegetables

Fruits and vegetables contain a variety of potentially anticarcinogenic substances, such as
vitamins/minerals, fiber, and phytochemicals, which can act to decrease inflammation,
oxidative stress, or cellular proliferation, or enhance apoptosis [22, 23].

For EA, fruits and vegetables combined together are better studied, with a recent meta-
analysis reporting risk reductions of 32% at higher levels of intake. When fruits and
vegetables were examined individually, a 27% reduced EA risk was seen for fruits and 24%
for vegetables, and dose-response associations were evident. However, differences were
noted by study type. In cohort studies, reduced EA risks were observed for vegetables, but
not fruit, whereas in case-control studies reduced risks were found for both vegetables and
fruits [24e].

For BE, fruits and vegetables combined were previously associated with a 39-73%
decreased risk [25]. Two recent case-control studies, from Germany and the U.S., reported
similar risk reductions of 19-43% for fruits, vegetables, or both [26¢, 27]. However, two
other recent studies, an Australian case-control study and a Dutch case-cohort study, found
that BE risk was decreased by approximately 35% for vegetables, but not fruit [28e, 29].

Taken together, fruits and vegetables combined or vegetables alone are potential risk
reduction strategies for EA and BE intervention trials.

Antioxidants and Other Vitamins/Minerals

In laboratory studies, certain vitamins, carotenoids, and minerals reduce oxidative DNA
damage, which is implicated in the initiation process of carcinogenesis. For example,
vitamin C protects cell membranes from oxidation, vitamin E protects against lipid
peroxidation, B-carotene scavenges lipid free radicals, and selenium acts as an antimutagenic
agent and protects DNA from oxidative damage [30].

Vitamins A/C/E

For EA, p-carotene and vitamin C are better studied, showing consistent risk reductions with
higher intake in meta-analyses of 54% and 51%, respectively [31, 32]. Vitamin E is also
better studied, with case-control studies showing EA risk reductions ranging from 10-87%,
which was not confirmed in the single cohort study [25]. Two recent large case-control
studies from Australia [28¢] and Ireland [33] confirm EA risk reductions of similar
magnitude for all three of these micronutrients.
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For BE, B-carotene and vitamins C and E are also better studied, with most studies reporting
risk reductions ranging from 15-75% [26ee, 28+, 33, 34]. Two studies also examined a-
carotene or total carotenoids, finding similar risk reductions [26e¢, 33]. However, an
Australian case-control study found differences by type of BE, with reductions of 28-55%
for dysplastic, but not nondysplastic BE, in association with 3-carotene and vitamins C and
E intake [28+]. In a biomarker study, lower plasma concentrations of vitamin C were
observed among BE cases compared to controls, but no differences were noted for levels of
vitamins A and E [35].

Taken together, f-carotene and vitamins C and E are potential risk reduction strategies for
EA and BE intervention trials.

For EA, folate is better studied, with previous studies reporting a 30-52% decreased risk
associated with higher dietary folate intake [25]. A recent Irish case-control study found a
similar EA reduction of 44% for folate [36], whereas a U.S. cohort study found no
association [37]. Another recent investigation utilizing serum biomarkers found higher folate
levels in controls versus EA cases [38]. For EA, vitamins B6 and B12 and riboflavin are
under studied. A recent Irish case-control study reported a 60% decreased but nearly a 4-fold
increased risk for vitamins B6 and B12, respectively [36], but no association was seen for
EA in the U.S. cohort [37]. A study utilizing serum biomarkers found similar B12 levels in
controls and EA cases [38]. No association was observed between EA and riboflavin [36].

For BE, the B vitamins are under studied. Two recent case-control studies, conducted in
Ireland and the U.S., have reported 42-60% BE risk reductions for higher folate intake [26ee,
36]. The Irish study also found 22-69% BE risk reductions for vitamin B6 and riboflavin,
but BE risk was increased by 2-fold for higher intakes of vitamin B12 [36]. Utilizing serum
biomarkers, a study found higher folate concentrations and lower vitamin B12
concentrations in controls versus BE cases [38].

Taken together, folate is a potential risk reduction strategy for EA intervention trials, but
under studied for BE. Other B vitamins remain under studied for EA and BE, though there
are suggestions that diets high in vitamin B12, may be associated with increased risk.

For EA, selenium is better studied, but with mixed results. Two case-control studies from
Australia [28<] and Ireland [33] reported a 15-20% increased risk associated with selenium
intake. However, results differed when toenail selenium concentrations were examined; the
Irish case-control study found no association [39], and a Dutch case-cohort study reported a
24% decreased risk [40]. In a cohort study of BE patients that examined EA-related
outcomes, EA risk was increased 40% in association with higher serum selenium
concentrations [41]. In contrast, a small cross-sectional survey reported serum selenium
biomarkers were inversely associated with BE progression markers [42].

For BE, the association with selenium is also better studied, but with mixed results. In a
California case-control study, dietary selenium was associated with a 42% decreased BE risk
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[34]. In contrast, three more recent case-control studies, conducted in Australia [28¢],
Ireland [33], and the U.S. [26<¢], found little or no association between selenium intake and
BE. Toenail selenium levels were associated with modest 11% risk reductions in the Irish
case-control study [39] and, among women only, in a Dutch case-cohort study [43].

Taken together, selenium cannot be recommended as a potential risk reduction strategy for
BE or EA at this time.

ndex

For EA, the antioxidant index (which is a summation score for vitamins C and E, f-carotene,
and selenium) is under studied. The index was associated with a 25-51% risk reduction in
two case-control studies from Australia and Ireland [28, 33].

For BE, the antioxidant index is also under studied, and the results are mixed. Two case-
control studies, in California HMO members and U.S. veterans, reported 40-70% BE risk
reductions for high antioxidant index [34, 26<¢]. Another recent Australian study, found an
11-28% increased risk of nondysplastic, but not dysplastic, BE associated with the
antioxidant index [28¢], whereas an Irish case-control study found no association [33].

Taken together, vitamins C and E, p-carotene, and selenium combined is a promising risk
reduction strategy, but more observational research is needed for EA and BE before
implementation of potential intervention trials.

Vitamin Supplements

For EA, vitamin supplements are currently under studied. A U.S. retiree cohort study found
that at least once a day multivitamin supplement use, compared to no use, was associated
with 25% lower EA risk [44+¢]. Additionally, EA reductions of 15-32% were observed for at
least monthly supplement use of iron, zinc, and folic acid; however, little or no association
with EA was found for selenium, vitamin A, p-carotene, vitamin C, or vitamin E supplement
use [44e¢]. In a U.S.-based BE patient cohort, progression to EA was decreased by 62% with
daily or more multi-vitamin supplement use and by 75% with daily use of vitamins C and E
and selenium supplements; but no association was reported with daily p-carotene
supplement use [41].

For risk of BE development, vitamin supplements are under studied. One study of U.S.
veterans reported a 19% increased BE risk with folic acid supplement use [26e¢]. A small
case-crossover study found that -carotene supplements reduced the severity of GERD
symptoms [45].

Taken together, multivitamin supplements may be potential EA risk reduction strategies, but
results are not yet convincing. Additional observational research on EA and BE is needed
before implementation of intervention trials.

Polyphenols: Flavonoids and Lignans

Polyphenolic compounds, such as flavonoids and lignans, naturally occur in fruits,
vegetables, and beverages of plant origin [46]. Experimental studies have shown that some
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flavonoid classes and lignans regulate cell cycle, proliferation, and apoptosis, and modulate
carcinogen metabolism and inflammatory pathways, which have important chemopreventive
effects against BE and EA [46, 47].

For EA, intake of total and six classes of flavonoids and lignans is under studied. Two small
experimental or clinical studies [48, 46] have reported inverse associations with EA
development, and one reported no association [49], for supplementation with flavonoids—
freeze-dried berries high in anthocyanidins or apple-derived flavan-3-ols. Two additional
larger U.S.-based case-control studies reported EA risk reductions of 53-57% with
anthocyanidin intake [50, 51]. One of these case-control studies also reported an 11-35%
decreased EA risk associated with flavone, isoflavone, total flavonoid and proanthocyanidin
(polymers of flavan-3-ols) intake, little or no association with flavanones or flavonols, and a
modest 22% increased EA risk associated with flavan-3-ol [50]. However, the other case-
control study reported an increased EA risk with isoflavone intake [51]. A large European
cohort study found no associations between EA incidence and any flavonoids [52]. A case-
control study conducted in Sweden reported 35% decreased EA risk associated with dietary
lignan intake [53ee].

For mortality among EA patients, anthocyanidin intake was associated with a modest 13%
decreased risk [51].

For BE development, flavonoids remain under studied. BE development was inhibited in
two small experimental studies examining flavan-3-ol [54] and a synthetic flavone [55]. In
two U.S.-based case-control studies, one reported a 51% decreased BE risk for
anthocyanidin intake, more modest decreases for flavanone, flavonol, isoflavone, and lignan
intake, but increased risk for flavones [56]. The other examined only isoflavone intake and
found a 55% reduced BE risk [26e¢].

Taken together, specific classes of flavonoids or lignans may be potential risk reduction
strategies for outcomes in the BE-EA continuum, but further observational research is
needed before conducting intervention trials.

Fiber-rich foods are known to have several anti-carcinogenic properties, including binding
or diluting bile acids and thus reducing their carcinogenic activity and altering the glycemic
response by slowing digestion and absorption of carbohydrates [57].

For EA, total fiber is better studied, showing EA risk reductions of 34%, as reported in a
recent meta-analysis [58¢¢]. However, specific types of fiber (e.g., fruit, vegetable, and
cereal) remain under studied. Fiber from fruit has a mixed association, with one study
showing a 55% decreased risk and the other reporting a 70% increased risk of EA, while
vegetable and cereal fiber were associated with decreased EA risk of 17-61% [58e¢].

For BE, the association between BE and fiber is under studied but promising, with two
studies reporting a 60-66% reduced risk with total fiber intake [58+¢]. One study reported BE
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risk reductions of 53% for fruit/vegetable fiber, and 27% for cereal fiber, which were
slightly more pronounced for long-segment BE [59].

Taken together, total fiber is a potential risk reduction strategy for EA intervention trials, but
under studied for BE. Additional observational research is needed for specific types of fiber.

Carbohydrates and Sugar Intake

Long-term consumption of a high-carbohydrate diet may lead to chronic hyperglycemia and
hyperinsulinemia [60]. Insulin resistance, which is tethered to hyperinsulinemia, may
promote carcinogenesis by stimulating cell proliferation and inhibiting apoptosis [60, 61, 62,
63]. Similar to carbohydrate intake, long-term consumption of a high-sugar diet may
promote carcinogenesis by stimulating secretion of insulin and insulin-like growth factor 1
[60, 61, 62, 63].

Carbohydrates

Sugar

For EA, carbohydrates are better studied, with most studies published before 2010 reporting
16-66% decreased risk [25], but no recent research on this topic has been published.
However, experimental mechanistic studies suggest that carbohydrate intake could
potentially increase EA risk [60, 61, 62, 63].

For BE, only one study has examined total carbohydrates, reporting no association [64].

Taken together, the BE/EA-carbohydrate intake association requires additional research,
given the conflicting evidence between experimental and observational studies.

For EA, sugar intake remains under studied. A recent U.S. cohort study reported an
increased risk of 62% with high added sugar intake [65]. In contrast, an Irish case-control
study observed reduced EA risk of 57% for total sugar [64]. The latter study also reported
that EA risk was increased by 14 and 52% for the glycemic load and glycemic index,
respectively [64].

For BE, sugar intake is under studied, with only the Irish case-control study reporting a
modest 12% increased risk with total sugar, no association with glycemic index, and a 21%
reduced risk associated with glycemic load [64].

Taken together, sugar intake remains under studied, and additional observational BE-EA
continuum research is needed.

Meat and Iron

Meat may be positively associated with BE-EA continuum outcomes due to nutrient content
(e.g., fat and iron), particularly in red meat, or the various carcinogenic compounds (e.g.,
nitrite/nitrate, heterocyclic amines, and polycyclic aromatic hydrocarbons), found
particularly in processed, grilled and barbequed meats [25]. Poultry has also been
investigated as a potential dietary risk reduction factor, as it is a source of selenium [66,

Curr Nutr Rep. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Petrick et al.

Total Meat

Red Meat

Poultry

Page 8

67+]. Iron has been considered as a potential risk factor, given EA is predominately a disease
of white males and males typically have higher levels of iron saturation versus females, and
whites typically have lower levels of iron deficiency compared to African-Americans [68,
69].

For EA, total meat is better studied, with a recent meta-analysis reporting little or no
association [67¢].

For BE, total meat intake is under studied, with mixed results. Two studies, one a California
case-control and the other a Dutch case-cohort, reported 21-75% decreased BE risk for total
meat [59, 70]. However, these results are inconsistent with two other recent case-control
studies, including one from Ireland reporting no association [71] and one in U.S. veterans
reporting a 91% increased BE risk [72].

Taken together, total meat is unlikely to be associated with EA, and more observational
research is needed for BE.

For EA, high red meat intake was associated with a 19% increased risk in a recent meta-
analysis [67¢]. However, a more recently published Dutch case-cohort study found a 43%
decreased EA risk among men whom consumed high levels of red meat compared to low- or
non-consumers, but little or no association among women [73].

For BE, red meat intake is under studied and conflicting. An Irish case-control study
reported an 11% increased risk [71], whereas a Netherlands case-cohort study reported 19
and 23% decreased risk for men and women, respectively [70].

Taken together, red meat is a potential EA risk factor that could be considered for
intervention trials to decrease intake. However, for BE, additional observational studies are
needed.

For EA, poultry intake remains under studied, with conflicting results. Two recent meta-
analyses have examined poultry intake, with one reporting no association [67¢], and the
other suggesting a 12% decreased EA risk [66].

For BE, a case-control study from Ireland and a case-cohort study from the Netherlands
reported 11-44% decreased BE risk [71, 70].

Taken together, poultry intake may be a potential risk reduction strategy for BE, but
additional observational research is needed for EA and BE.
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Processed Meats

Iron

For EA, processed meat is better studied, with a recent meta-analysis reporting a 37%
increased risk with higher intake [67¢]. However, a Dutch case-cohort study found little or
no association among men and a 42% decreased risk among women [73].

For BE, processed meat intake is under studied, with inconsistent results. The Irish case-
control study reported a 91% increased risk [71], but the Netherlands case-cohort study
reported little or no association [70].

Taken together, processed meat is a potential EA risk factor that could be considered for
intervention trials to decrease intake. However, for BE, more observational research is
needed.

For EA, iron is better studied. For dietary intake, most case-control studies reported 21-50%
decreased EA risk with higher total iron intake [25, 74], but one Nebraskan case-control
study observed a 67% increased risk [75]. Using biomarker iron concentrations in toenails,
an Irish case-control study found a 60% decreased risk [74].

The association between iron intake and EA risk may also vary by type of iron: heme (better
studied), which is primarily from meat, versus non-heme (under studied), which is primarily
found in plants. Recent cohort [76, 77] and case-control studies [74, 75] report EA increases
ranging from 47%-211% with heme iron intake. However, another case-cohort study
reported 19 and 61% decreased risk among men and women, respectively [78]. The Irish
case-control study is the only study that has examined non-heme iron and reported a 48%
decreased EA risk [74].

For BE, iron intake is under studied. Two case-control studies in Ireland and in California
report 16-48% decreased BE risk for total iron [74, 79]. The Irish study observed a 37% BE
decreased risk for non-heme iron, but a 66% increased risk for heme iron intake [74]. In
contrast, for heme iron, the Netherlands case-cohort study reported a 21% and 17%
decreased BE risk in men and women, respectively [70]. The California and Ireland studies
also examined serum and toenail measures of iron (i.e., iron ferritin, and transferrin),
reporting 18-76% decreased BE risk [79, 74]. Total iron binding capacity, however, was
associated with a 93% increased BE risk in the Irish study [74].

Taken together, total iron has been better studied for EA, but additional research is needed
into heme versus non-heme iron intake in EA and BE.

Fish and Polyunsaturated Fatty Acids

Fish intake may be associated with reduced BE-EA continuum outcomes, as fish are rich in
the long-chain ®-3 polyunsaturated fatty acids (PUFAS), which have been shown to regulate
inflammation and tumor progression [80]. In contrast, ©-6 PUFAS, which are found in many
non-marine oil-rich foods, have demonstrated carcinogenic properties, but are competitively
inhibited by »-3 [81].
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For EA, fish intake is better studied, with a recent meta-analysis reporting EA risk
reductions of 14% [82¢], which included the null value. However, if the fish is fried, this
cooking method could introduce oil containing adverse »-6, and mask any beneficial
associations with the w-3-rich fish. Additional research with improved exposure assessment
of considering fried versus non-fried fish is likely to clarify associations with EA.

For BE, fish intake is under studied, with one Irish case-control study and a Dutch case-
cohort study among women, reporting 13-39% increased risk [71, 70]. No association was
observed among men in the Netherlands study [70].

Taken together, additional observational research with improved exposure assessment of
fish intake is needed for EA and BE.

For EA, PUFAs are under studied, with a case-control and a cohort study showing mixed
results [71, 83«+]. However, both studies only considered a combined measure of PUFAS,
which may have resulted in masking important associations by type, e.g., beneficial -3
versus deleterious ®-6. Only a U.S.-based cohort study among retirees has reported little or
no association between EA risk and ®-3 intake [83e¢].

For BE, PUFAs are under studied, with a California case-control study reporting a 51-64%
reduced BE risk for overall PUFASs or -3 [59], which was not confirmed in an Irish case-
control study [71].

Taken together, PUFAS are under studied and more observational research is needed for EA
and BE.

Future Directions

As summarized in Figure 1 and Table 2, in this qualitative review, we identified five dietary
intake components that are relatively better studied, and are potentially promising as
potential risk reduction strategies for BE or EA. We recommend more formal evaluation in
intervention trials (which would be more cost-effective than mounting new biomarker-based
cohort studies) or in ongoing large cohort studies for which BE or EA are available as an
outcome, for increasing intake of: (1) fruits & vegetables; vegetables; fruit (EA only); (2) B-
carotene and vitamins C and E; (3) folate (EA only); and (4) total fiber (EA only). Also, (5)
red and processed meat are better studied but likely to increase risk of EA only, and thus
should be evaluated in an intervention study (or sufficiently large cohort) for removal/
reduction in the diet.

For all other dietary intake components discussed in this review (see Table 1),
recommendations for evaluation in intervention studies cannot be made at this time, either
because: (a) they remain un- or under studied; or (b) results are inconclusive or null despite
being better studied. Additional observational research on these other dietary components is
needed prior to their evaluation in an intervention trial.
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Few studies have considered dietary intake among EA patients in relation to subsequent
mortality; thus dietary intake intervention trials conducted among EA patients are premature
for any of the dietary components reviewed here. Future observational research should also
examine dietary intake in association with BE-EA continuum outcomes among women and
minorities, which is largely unknown. This information would improve our ability to
develop targeted risk reduction strategies.
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L }74_{ » enocarcinoma
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Increasing intake potential intervention:
1. Fruits & Vegetables, Vegetables
2. B-carotene, Vitamin C, Vitamin E

Decreasing intake p ial intervention:

No recommendations

Increasing intake potential intervention:
1. Fruits & Vegetables, Fruits, Vegetables
2. p-carotene, Vitamin C, Vitamin E

3. Folate

4. Total Fiber

Decreasing intake p ial intervention:
5. Red Meat, Processed Meat

Increasing intake potential intervention:
MNo recommendations

Decreasing intake potential intervention:
MNo recommendations

Figure 1.

This review presents a summary of the associations between various dietary factors and the
BE-EA continuum, to identify where there is potential to use these potential dietary risk
reduction strategies to reduce EA progression. Summarized here are the dietary intake
constituents that have been better studied and could be potentially utilized in intervention

trials.
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