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Cancer is one of the leading causes of death worldwide, and 
there is evidence that dietary factors contribute significantly 
to cancer risk (1). Whole grain foods are associated with a 
lower risk of several chronic diseases, including cancer, and 
are recommended as part of a healthy diet (1,2). Over the 
past 10 years, multiple meta-analyses have shown that whole 
grain intake is associated with lower risk of total and site-
specific cancer incidence and mortality (3). Results from 
these studies indicate that in categorical analyses of highest 
vs. lowest intakes of whole grains, a high consumption of 
whole grains is associated with a 6% to 12% lower risk of 
cancer mortality. Dose-response analyses demonstrated 
that each 30 grams/day increase in whole grain intake is 
associated with an approximate 7% lower risk of cancer 
mortality.

For  s i te- spec i f i c  cancers ,  meta-ana lyses  have 
demonstrated that whole grain intake is associated 
with lower risks of colorectal cancer, gastric cancer, 
and pancreatic cancer (3). When comparing highest vs. 
lowest consumption groups, high intake of whole grains 
is associated with an 11% to 21% lower risk of colorectal 
cancer, with each 90 grams/day intake corresponding to a 
15% to 17% lower risk of colorectal cancer. For gastric and 
pancreatic cancer, meta-analyses indicate that high intake 
of whole grains is associated with a 13% to 39% lower risk 
of gastric cancer and a 24% to 30% lower risk of pancreatic 
cancer. No dose-response meta-analyses have been 
published on the association between whole grain intake 
and either gastric or pancreatic cancer. Another limitation 
is that the meta-analyses on gastric and pancreatic cancer 
relied almost entirely on case-control studies, whereas 
most of the meta-analyses on colorectal cancer used almost 

exclusively prospective cohort studies (3).
The recent publication by Schacht et al. (4) provides new 

insight on the association between whole grain intake and 
pancreatic cancer risk (4). They examined the association 
between whole grain intake and pancreatic cancer risk in 
57,053 middle-aged adults participating in the Danish 
Diet, Cancer and Health cohort, with approximately equal 
percentages of men and women. After a mean follow-up 
of 17.5 years, an inverse association between whole grain 
intake and pancreatic cancer risk was found (Figure 1). Each 
50 grams/day of whole grain foods was associated with a 7% 
lower risk of pancreatic cancer [hazard ratio (HR) =0.93; 
95% confidence interval (CI): 0.85–1.01]. In categorical 
analyses, a 25% lower risk was observed when comparing 
highest vs. lowest intake quartiles (HR =0.75; 95% CI: 
0.57–1.04). In dose-response analyses, the HR ranged from 
0.90 to 0.93, depending on the number of adjustments 
included in the model (age, educational level, smoking, 
physical activity, alcohol, diabetes, body mass index, and 
total energy intake), with the upper boundary of the 95% 
CI between 0.97 and 1.01. For the categorical analyses, the 
HR ranged from 0.68 to 0.76, depending on adjustments, 
with the upper boundary of the 95% CI between 0.90 to 
1.04. The data presented in Figure 1 are for the model 
which adjusted for all potential confounders.

Even though the HRs in categorical analyses by Schacht 
et al. were not always statistically significant (i.e., the upper 
boundary of the 95% CI >1.00 when the model included 
adjustments for BMI, diabetes and total energy intake), 
the HR range of 0.68–0.76 was very similar to the lower 
odds ratios reported in the two published meta-analyses on 
the association between whole grain intake and pancreatic 
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cancer risk (Figure 2) (5,6). The meta-analysis by Jacobs  
et al. (5) produced an odds ratio of 0.70 (95% CI: 0.54–0.91), 
and the meta-analysis by Lei et al. (6) produced an odds 
ratio of 0.76 (95% CI: 0.64–0.91). It is important to note 
that all but one of the publications included in these two 
meta-analyses were case-control studies, and the only 
cohort study included only male smokers in Finland. Thus, 
the recent study by Schacht et al. is the first and only cohort 
study on whole grain intake and pancreatic cancer risk that 
included both men and women. 

In this Danish cohort, the major source of whole grain 
intake was rye bread, which comprised 88% of the whole 
grain intake. Moreover, when examining specific whole 
grain foods, only rye bread consumption was associated 
with lower risk of pancreatic cancer. Thus, generalizing to 
populations in which rye consumption is much lower must 
be viewed with caution. However, the HRs for wheat and 
whole grain bread were comparable to that of rye, even if 
not always statistically significant. Also, most of the studies 
included in the two published meta-analyses included wheat 
and whole-grain bread as primary whole grain exposures 
(5,6).

An interesting finding in the recent study by Schacht et al.  
is that the lower pancreatic cancer risk associated with 
consumption of whole-grain foods was only observed in 
men (HR =0.90; 95% CI: 0.81–0.99) and not in women (HR 
=0.98, 95% CI: 0.87–1.10). Reasons for this are not clear, 
but could possibly be due in part to the lower consumption 
of rye among women in this cohort. Nonetheless, because 

the lower cancer risk was only observed in men, and the 
only previously published cohort study included only male 
smokers, there has yet to be a cohort study to show that 
whole grain intake is associated with reduced pancreatic 
cancer risk in women. This requires additional research to 
clarify whether a true sex difference exists.

Potential mechanisms

In 2000, the American Association of Cereal Chemists 
defined whole grains as consisting of the “intact, ground, 
cracked or flaked caryopsis, whose principal anatomical 
components—the starchy endosperm, germ and bran—
are present in the same relative proportions as they exist in 
the intact caryopsis” (7). This definition has been adopted 
by regulatory organizations to support recommendations 
for greater consumption of whole-grain products (8). 
Refined grains have some or all of the bran layers removed 
during the milling process, which diminishes the amount of 
fiber and micronutrients (8). This may explain why whole 
grain intake has been shown to be associated with lower 
overall and site-specific cancer risk whereas refined grain 
consumption has not (3,9). 

Whole grains may reduce cancer risk via several 
mechanisms (10,11). Whole grain intake is correlated with 
cereal fiber intake (12), and cereal fiber consumption is 
associated with lower cancer risk (13). Other aspects of whole 
grains may also contribute to the reduced risk because whole 
grain intake is associated with reduced cancer risk even after 
adjusting for cereal fiber intake (14). Consequently, the 
lower risk of total and cite-specific cancers associated with 
whole grain intake could be due to other properties of whole 

Figure 1 Association between whole-grain food intake and 
pancreatic cancer incidence among 57,053 adults in the Danish 
Diet, Cancer and Health cohort. Quartile 1 = referent group. 
Hazard ratios for quartiles 2–4 and the dose-response include ± 
95% confidence intervals. Hazard ratio for the dose-response is for 
each 50 grams/day intake of whole-grain foods.

Figure 2 Association between whole grain intake and pancreatic 
cancer risk in two meta-analyses. Odds ratios for the highest intake 
groups include ± 95% confidence intervals.
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grains. Whole grains are an important source of antioxidants, 
phenolic acids and phytoestrogens, which can reduce 
oxidative damage in cells (10). Also, whole grains contain 
numerous bioactive compounds that have anticarcinogenic 
properties (10,11). The synergetic effects of these bioactive 
compounds—the “whole grain package” (10)—likely explain 
the consistent findings from cohort studies on the reduced 
cancer risk associated with whole grain intake.

Public health implications

Consumption of whole grains is central to public health 
recommendations to reduce cancer risk (1,2). For example, 
the United States dietary guidelines recommend consuming 
at least 3 servings per day of whole grains, with a serving 
defined as 1 ounce-equivalent (~28 grams) of a whole grain 
product (2). Less than 7% of the U.S. population achieves 
this goal, with mean whole grain intake <1 serving per  
day (15). In fact, 70% of the U.S. population consumes less 
than 1 serving of whole grains per day (15). Thus, meeting 
minimum recommendations for whole grain intake could 
lead to meaningful reductions in cancer risk in the general 
population. Perhaps more importantly, in view of the dose-
response between whole grain intake and cancer mortality (3)  
and pancreatic cancer incidence (4), virtually any increase in 
whole grain intake may help reduce cancer risk. 
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