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“Food is an important part of a balanced diet.”

-Fran Lebowitz

On that we can probably all agree; the details tend to be more elusive. For over half a
century, cancer epidemiologists and other scientists have attempted to understand the role of
diet in the etiology of cancer, much of it focused on GI cancers. Haenszel and Kurihara
made ground-breaking observations on Japanese migrants to the US, finding that the
incidence of colorectal cancer in the migrants and their immediate offspring rose rapidly
from the low rates in Japan to approach, and even exceed, the much higher rates in their new
home.1 These large changes (approximately 250% in males2) over a short period of time
have been interpreted to reflect the importance of environmental exposures later in life in the
etiology of colorectal cancer, perhaps via adoption of a more western lifestyle, including
dietary patterns.3, 4 Similarly, studies of esophageal squamous cell carcinoma among
migrants from high (e.g., China) to low incidence areas indicate a change in incidence (in
this case, reduction) among descendants over time towards that of the host country, with the
speed of change depending somewhat on the country of origin and the prevalent risk factors
in that country.2, 5 In contrast, gastric cancer rates, which are quite high in Japan, change
only very slowly among migrants in the direction of the new host country, taking multiple
subsequent generations, suggesting that for gastric cancer, factors earlier in life (e.g., H.
pylori infection) and genetics are equally important.6

How far have we come since these early studies? A PubMed search reveals over 8,000
publications related to diet and GI cancer, of which almost 2,000 were in the last five years
alone. Based on sheer numbers, it would seem that we should already have reached the
“promised land,” where an individual in the general population or one at high-risk for a
specific GI cancer would be offered a simple chemopreventive pill, or a clear dietary
recommendation, with the expectation of substantial beneficial results. Society also would
be facilitating healthy nutrition choices.7, 8 Unfortunately we are not in such a land. What is
taking so long?

Obviously the topic is extremely complex, even more so when interactions with the
microbiome are considered.9–11 Beyond that, however, an important contributing factor may
lie in the choices that have been made over the past decades regarding which aspects of diet
to study. Many early studies recognized the potential importance of food groups and patterns
of intake, in addition to individual items, as potential determinants of GI cancer incidence.
There was an appreciation that the act of eating is more than putting edibles in the mouth – it
is, or can be, part of a social/family/community activity, with many potential correlates and
interactions related to physical activity and lifestyle that might affect cancer risk.12–15

However, in a decades-long surge of reductionism, the relationship between cancer
incidence patterns across the world and the way individuals in broad social/ethnic groups
live and eat, along with the observed changes in eating patterns and cancer incidence that
occur upon migration were translated into increasingly narrow hypotheses which were tested
by experiments in cell culture and animal models, observational studies, and even
randomized clinical trials with the focus on finding a “magic bullet” to be added to (or
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eliminated from) the diet that could stand in for a healthy diet that has been defined and
refined through thousands of years of evolution. Such studies have investigated associations
with individual food items (e.g., tomatoes, red meat); macronutrients (e.g., fat,
carbohydrates); vitamins (e.g., folate, Vitamin A) and other micronutrients (e.g., lycopene);
specific chemicals or chemical classes (e.g., resveratrol, phytoestrogens); and mineral or
specialty supplements (e.g., selenium, glucosamine). From these types of studies it is now
unfortunately clear how to increase lung cancer rates in cigarette smokers (beta-
carotene)16, 17, and promote the recurrence of colon adenomas (folic acid).18 Many other
findings, however, have proven quite difficult to replicate, in large part due to different
populations, hypotheses, methods of assessing exposure, and analytic approaches.

Fortunately, over the past decade the research pendulum has begun to swing back into a
more balanced position, where study of individual molecules is complemented by broader
investigations that take into account a more inclusive view of an individual’s overall diet
and lifestyle. This process might be compared to changes in approaches to understanding the
role of constitutive genetic factors in cancer etiology. Early low-throughput studies of
variants in candidate genes yielded, in the mid-2000s, to the genomics era, in which agnostic
genome-wide association studies (GWAS) focused on a million or more individual SNPs,
each analyzed in isolation from the others in its association with a cancer type. While more
than one hundred SNPs thus far have been linked with cancer using this approach (probably
eventually leading to many fascinating and important biological discoveries), they account
for only a small fraction of observed cancer heritability – hence the search for the so-called
“missing heritability”19 – and have yet to make a substantial impact in cancer prevention or
prediction at the population level. Recently the “post-GWAS era” has stimulated new
approaches to coaxing additional information from the resource-intensive GWAS studies.
Many of these take into account previous knowledge about the etiology and pathobiology of
a cancer and the specific pathways which may be involved, and test whether multiple
variants in multiple genes acting in these pathways or networks may explain more than at an
individual level.20 In the world of nutrition and cancer, the reemphasis on dietary patterns
and their correlates in cancer etiology and survival might be termed the “post-micronutrient
era” where the broader picture is assessed in searching for the “dietary dark matter” – the
factors underlying the presumably large contribution of diet to GI and other cancers that
remains unexplained.

This brings us to this issue of CGH, where Li et al. report on their analysis of food
frequency questionnaires collected from a large cohort of almost 500,000 men and women
participating in the NIH-AARP Diet and Health Study in the US, in relation to incidence of
esophageal and gastric cancer during a mean of almost ten years of follow up.21 Rather than
focus on individual food items, macro or micronutrients, or agnostic approaches (e.g., factor
analyses or principal component analyses,22, 23) which can be difficult to interpret and
reproduce, they instead examined pre-defined patterns representing a purported healthy diet,
using two related classification schemes: the Healthy Eating Index-2005,24 and the Alternate
Mediterranean Diet Score.25

Overall they found that individuals whose diet was most consistent with either of these
indices experienced substantially lower risk of esophageal cancer. Reduced risk was
particularly strong for squamous cell carcinoma (49% lower in the highest quintile of
“healthy diet” versus the lowest), but also 25% lower for esophageal adenocarcinoma. There
was less evidence of an association between either of these indices and gastric cancer. It is
particularly notable that, in contrast to the marked inverse associations between the healthy
diet indices and esophageal cancers, when the individual contributions of the components of
the two indices were examined, none were found to be consistently related to reduced risk,
with the possible exception of grains.
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There are many strengths to the study, including its prospective design, reasonably large
number of cancers of each site, the availability of information on major risk factors to
minimize confounding, and thorough analyses. The importance of careful collection of
potential confounding factors is clearly illustrated in comparisons of the hazard ratios
controlling just for age and sex, with the multivariable adjusted hazard ratios, which in all
cases were closer to the null (see Tables 2 and 3). However, as pointed out by Martinez, et
al.,12 even prospective studies have their potential weaknesses. In this report diet was
assessed only once, likely resulting in increasing misclassification as years of follow up rise;
a food frequency questionnaire was used, with its attendant limitations;26 no information
was available on diet earlier in life, which may be more important etiologically, especially
for gastric cancer; and there remains potential for residual confounding, possibly
exacerbated by factors such as smoking and alcohol use which may have changed since
baseline evaluation. In addition, for non-cardia gastric cancers, the lack of information on H.
pylori status is an important limitation as, for example, the effects of diet on risk may be
quite different depending on H. pylori positivity. Overall, however, the many strengths of
the study outweigh its limitations, many of which are conservative in nature and would tend
to bias the findings towards the null.

Focusing on the Alternate Mediterranean Diet Score, the better known of the two indices
used, a reasonable question is: what does this measure? Does a high score imply one is
actually eating a “Mediterranean Diet?” Not according to the United Nations Educational,
Scientific and Cultural Organization (UNESCO) (see text box), who define the
Mediterranean diet in much broader terms, as much a way of life than a compendium of
food items.27 Nevertheless, for those not residing in smaller cities and towns near
Mediterranean shores, the current crude measure, based on 0/1 scores on ten food groups,
must suffice. However its relative crudeness is also its strength. With the above in mind, the
fact that such a simple measure, taking only a few minutes to administer and assessed only
once, significantly predicts risk of esophageal cancer over the following decade might be
considered astonishing, especially considering that the confounding effects of smoking and
alcohol have largely been eliminated.

The major modifiable risk factors for both types of esophageal cancer and both subsites of
gastric cancer, together with estimates of their individual and joint contributions to cases
occurring in the US population were described by Engel, et al. in 2003,28 using data from
the US Multicenter Study. A recent report based on the larger Australian Cancer Study
reached similar conclusions for adenocarcinomas of the esophagus and gastric cardia.29

Regarding esophageal squamous cell carcinoma in the US, while cigarette smoking and high
alcohol consumption remain key drivers of incidence and should be the major focus of
preventive actions,30 there appears to be abundant room for healthy dietary
recommendations, particularly among former smokers and drinkers. Similarly, for
esophageal adenocarcinoma, where obesity, gastroesophageal reflux and cigarette smoking
are key modifiable risk factors,31–34 a healthy diet should also be added to the list of
candidate preventive actions, especially given the interrelationship among diet, obesity and
gastroesophageal reflux. Gastric cancers remain more difficult to address given current
knowledge of etiologic factors. Smoking cessation would likely help regarding both sites,
but beyond H. pylori status, little is known with confidence regarding effective preventive
actions.35 Cancers arising in the gastric cardia or gastroesophageal junction tend to reflect an
epidemiology (pattern of incidence and risk factors) roughly midway between those of
esophageal adenocarcinomas and non-cardia gastric cancers.36

But is the study by Li, et al.,21 together with other similar observational findings, enough to
inform clinical recommendations for persons at high risk for esophageal cancer? In addition
to a careful meta-analysis of similar studies, one always hopes for a clinical trial to provide
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supporting evidence. However, one might wait a long time for a well-powered long-term
trial focused on a Mediterranean diet (or similar) intervention and upper GI cancers. In the
meantime, there is new and strong evidence from Spain indicating that a Mediterranean diet
type of intervention (in this instance, along with added olive oil or mixed nuts in two
different intervention arms) reduces the incidence of cardiovascular events, including death
from cardiovascular causes, in a population without prior heart disease by an average of
29% compared to a control diet.37 Given that persons at high risk for esophageal cancer are
also likely candidates for cardiovascular events, which occur with much higher frequency
than esophageal cancer, such a recommendation might make sense.
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