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Abstract

Background: Several epidemiological studies have investigated the association between whole grains intake and
digestive tract cancer risk; however, the results are still controversial. The purpose of this meta-analysis was to assess
the association.

Methods: Studies published before March 2020 were searched in database and other sources. The risk ratio (RR)
with the 95% confidence interval (CI) were pooled using fix or random-effects models.

Results: This meta-analysis included 34 articles reporting 35 studies, 18 studies of colorectal cancer, 11 studies of
gastric cancer and 6 studies of esophagus cancer, involving 2,663,278 participants and 28,921 cases. Comparing the
highest-intake participants with the lowest-intake participants for whole grains, we found that the intake of whole
grains were inversely related to colorectal cancer (RR = 0.89, 95% CI: 0.84–0.93, P < 0.001), gastric cancer (RR = 0.64, 95%
CI: 0.53–0.79, P < 0.001), esophagus cancer (RR = 0.54, 95% CI: 0.44–0.67, P < 0.001), respectively. However, subgroup
analysis of colorectal cancer found no significant association in the case-control studies and studies of sample size
< 500, and subgroup analysis of gastric cancer found no significant association in the cohort studies and studies of
American population. No study significantly affected the findings in the sensitivity analysis. No publication bias was
found in the studies for colorectal cancer and esophagus cancer except in the studies for gastric cancer.

Conclusion: This meta-analysis provides further evidence that whole grains intake was associated with a reduced risk
of digestive tract cancer. Our result supports the dietary guidelines that increase whole grains intake to reduce the risk
of digestive tract cancer.
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Background
Globally, digestive tract cancer are common type of can-
cer. The global cancer statistics 2018 shows that the inci-
dence of colorectal cancer, gastric cancer and esophageal
cancer ranks third, fifth and seventh, and the mortality
ranks second, third and sixth among all cancers,

respectively [1]. Digestive tract cancer has become one of
the major diseases that threaten human health. The occur-
rence of digestive tract cancer is related a variety of fac-
tors, of which approximately 5–10% can be attributed to
genetic defects, whereas and the remaining 90–95% can
be explained by unfavorable environment conditions or an
unhealthy lifestyle [2, 3]. Studies have shown that diet
plays an important role in the digestive tract cancer risk
[4–6]. Grains are key components of the diet and supply
much of the world’s energy and nutrient needs. They
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make up the largest proportion of recommended daily
food intake [7, 8]. Due to their important role in most di-
ets in the world, there was a lot of research on the rela-
tionship between grains consumption and health. With
the development of grains research, the health function of
whole grains food has been confirmed and aroused peo-
ple’s interest [9]. Whole grains consist of the intact,
ground, cracked, or flaked kernel after the removal of in-
edible parts. The principal anatomical components, the
starchy endosperm, germ, and bran, are present in the
same relative proportions as they exist in the intact kernel
[10]. Compared to refined grains, whole grains are rich in
dietary fiber and a variety of phytochemicals, which play
an important role in preventing chronic diseases. Several
studies have found a lower risk of obesity [11], cardiovas-
cular disease [12, 13], type 2 diabetes [14], coronary heart
disease [8, 15], stroke [8], cancer [13, 16] associated with a
higher intake of whole grains.
A previous review of mostly case-control studies

showed higher whole grains intake was associated with
lower risk of several individual cancers, mainly of the di-
gestive system [17], but limited data from cohort studies.
Several epidemiological studies have investigated the re-
lationship between whole grains intake and digestive
tract cancer risk. However, these results are controver-
sial. In 2003, Cullouh et al. reported that a statistically
non-significant 17% increase in colon cancer risk was
observed for women with the higher whole grains in-
takes [18]. However, in 2006, McCarl et al. report that
that higher whole grains intake can reduce the risk of
colorectal cancer by 19% for women [19]. In 2004, Lis-
sowska et al. report that their study do not support a
protective effect of whole grains for gastric cancer [20].
However, in 2002, Kasum et al. report that intake of
whole grains was associated with reduced risk of
upper aerodigestive tract cancers, including oropha-
ryngeal, laryngeal, salivary, esophageal and gastric
cancers [21]. From a public health perspective, it is
important to clarify this issue. Therefore, the purpose
of this meta-analysis was to determine whether there
is an association between whole grains intake and di-
gestive tract cancer.

Methods
Search strategy
Studies published before March 2020 were searched in
database and other sources. In order to avoid missing any
relevant research, we also searched the bibliography of the
retrieved papers. The following keywords were used in the
literature search: “grains” or “cereal” or “wheat” or “corn”
or “rye” or “oats” or “oatmeal” or “bread” or “barley” or
“bran” or “germ” or “colorectal cancer” or “colon cancer” or
“rectal cancer” or “CRC” or “colorectal carcinoma” or “gas-
tric cancer” or “stomach cancer” or “esophagus cancer” or

“esophageal squamous cell carcinoma”. No restrictions
were imposed.

Study selection
Studies were considered for inclusion if they met the fol-
lowing criteria: (1) the research was a cohort study or a
case–control study. (2) The research assessed the associ-
ation between whole grains intake and the risk of colo-
rectal cancer, esophageal cancer and gastric cancer. (3)
The RR or odds ratios (OR) estimates with 95% confi-
dence were reported or could be calculated. If data were
duplicated in more than one study, the one with the lar-
gest number of cases or the longest follow-up period
was included in the meta-analysis.

Data extraction
Two independent researchers carried out an initial assess-
ment of obtained literature to exclude those failing to
meet the inclusion criteria. A further full-text assessment
of the studies that had the potential to meet the criteria
was made, and any disagreements were resolved by dis-
cussion between two authors or by the third investigator.
Data extracted from each study included: the first author’s
name, year of publication, country, cancer site, study de-
sign, diet assessment, simple (case), intake of whole grains,
RR (OR) with 95%CI and variables adjusted.

Quality assessment
The included case–control and cohort studies were
assessed by two investigators using the scoring system of
the Newcastle–Ottawa scale (NOS) [22]. The highest
score was 9 points, and those with a score 7 were classi-
fied as high-quality literatures.

Statistical analysis
Statistical analysis was performed using STATA version
12.0. The results were expressed as RR and 95% CI to
measure the association between whole grains intake
and the risk of digestive tract cancer. The heterogeneity
assumption was examined by a Chi-square test based on
a Q-test. Generally, I2 statistics of 25, 50, and 75% indi-
cate low, moderate, and high levels of heterogeneity, re-
spectively. If p < 0.05 and/or I2 > 50%, a random-effect
model based was used to calculate pooled (RR) with the
95% confidence interval (CI). Otherwise, a fixed-effect
model was used. Due to characteristics of participants,
and adjustments for confounding factors were not con-
sistent across studies, we further conducted several sen-
sitivity and subgroup analyses to explore possible
sources of heterogeneity and to examine the influence of
various factors on the overall risk estimate. Sensitivity
analysis was conducted by omitting one study each time
and recalculating the pooled RR. Finally, we applied
Begg’s method to assess bias.
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Results
Literature search and study characteristics
A flowchart of the research selection process of this meta-
analysis is shown in Fig. 1. The search of database and other
sources identified 1679 potentially relevant articles
after duplicate exclusion. In addition, 1645 articles
were excluded after further evaluations. Finally, 34
[18–21, 23–52] articles reporting 35 studies were se-
lected for this meta-analysis.
Table 1 summarizes the general characteristics of these

studies. All included studies were of high quality literature

with scores greater than 7 points. Of the 35 studies, 14
were cohort studies and 22 were case-control studies,
which included a total of 2663.278 participants and 28,921
cases. These studies were adjusted for a wide range of po-
tential confounding factors, including age, sex, education,
smoking, BMI, income, physical activity, energy intake, al-
cohol intake, red and processed meat intake etc.

Whole grains intake and overall digestive tract cancer risk
As shown in Fig. 2, 35 studies including 266,378 participants
and 28,921 case. Were selected for the analysis of whole grains

Fig. 1 Flow chart of study selection. A flowchart of the research selection process of this meta-analysis is shown in Fig. 1. The search of database
and other sources identified 1679 potentially relevant articles after duplicate exclusion. In addition, 1645 articles were excluded after further
evaluations. Finally, 34 articles reporting 35 studies were selected for this meta-analysis
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intake and digestive tract cancer risk. The result showed that
whole grains consumption can reduce the risk of digestive
tract cancer by 22% (RR= 0.78, 95% CI: 0.73–0.84, P< 0.001),
with a significant heterogeneity (I2=69.4%, P< 0.001).

Whole grains intake and colorectal cancer risk
As shown in Fig. 3, 18 studies including 1,489,581 par-
ticipants and 19,424 case were selected for the analysis
of whole grains intake and colorectal cancer risk. The

Fig. 2 The forest plot of whole grains intake and digestive tract cancers risk. As shown in Fig. 2, thirty-five studies were included in the analysis of
whole grains intake and digestive tract cancer risk. The result showed that whole grains consumption can reduce the risk of digestive tract cancer
by 22% (RR = 0.78, 95% CI: 0.73–0.84, P < 0.001), with a significant heterogeneity (I2 = 69.4%, P < 0.001)
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result showed that whole grains consumption reduced
the risk of colorectal cancer by 11% (RR = 0.89, 95% CI:
0.84–0.93, P < 0.001), with a slight heterogeneity (I2 =
38.2%, P = 0.029).
There is a slight heterogeneity existed across the studies

of whole grains intake and colorectal cancer risk and sub-
group analysis were performed to find the source of het-
erogeneity. As shown in Table 2, the subgroup analysis
was conducted according to the study design, sex, geo-
graphic location, publication year, sample size and
whether adjust for energy intake. The result indicated that
whole grains intake was protective factor for the studies of
sample size ≥500 (RR: 0.91, 95% CI: 0.88–0.94, P < 0.001),
but no significant association was found in the studies of

sample size < 500 (RR: 0.76, 95% CI: 0.51–1.12, P = 0.170).
In the subgroup analysis of sex, geographic location, publi-
cation year and whether adjust for energy intake, no statis-
tically significant heterogeneity was found in the studies of
women (I2 = 0%, P = 0.619), studies of Europe (I2 = 0%,
P = 0.732), studies of publication year before 2010 (I2 =
0%, P = 0.622), studies of adjustment for energy (I2 = 4.6%,
P = 0.399).

Whole grains intake and gastric cancer risk
As shown in Fig. 4, 11 studies including 1,021,955 par-
ticipants and 8274 case were selected for the analysis of
whole grains intake and gastric cancer risk. The result
showed that whole grains consumption reduced the risk

Fig. 3 The forest plot of whole grains intake and colorectal risk. As shown in Fig. 3, eighteen studies were included in the analysis of whole
grains intake and colorectal cancer risk. The result showed that whole grains consumption reduced the risk of colorectal cancer by 11% (RR =
0.89, 95% CI: 0.84–0.93, P < 0.001), with a slight heterogeneity (I2 = 38.2%, P = 0.029)
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of gastric cancer by 36% (RR = 0.64, 95% CI: 0.53–0.79,
P < 0.001), with a significant heterogeneity (I2 = 78.2%,
P = 0.001).
There is a significant heterogeneity existed across the

studies of whole grains intake and gastric cancer risk
and subgroup analysis were performed to find the source
of heterogeneity. As shown in Table 3, the subgroup
analysis was conducted according to the study design,
geographic location, sample size,and whether adjustment
for energy. The result indicate that whole grains intake
was protective factor for case-control studies (RR = 0.55,
95% CI: 0.41–0.74, P < 0.001) and studies of Europe
(RR = 0.64, 95% CI: 0.53–0.79, P < 0.001), but no signifi-
cant association was found in cohort studies (RR = 0.89,
95% CI: 0.78–1.01, P = 0.070) and studies of America
(RR = 0.70, 95% CI: 0.50–1.00, P = 0.051). In the sub-
group analysis of study design, heterogeneity decreased
significantly in the cohort studies (I2 = 41.7%, P = 0.180).
However, there was a significant heterogeneity in the
case-control studies (I2 = 80.8%, P < 0.001).

Whole grains intake and esophagus cancer risk
As shown in Fig. 5, 6 studies including 151,742 partici-
pants and 1223 case were selected for the analysis of
whole grains intake and esophagus cancer risk. The re-
sult showed that whole grains consumption reduced the
risk of esophagus cancer by 47% (RR = 0.54, 95% CI:

0.44–0.67, P < 0.001) with no statistically significant het-
erogeneity (I2 = 27.7%, P = 0.217).

Sensitivity analysis and publication bias
Sensitivity analysis suggested that no individual study
significantly affected the pooled RR, which indicated that
our results were statistically robust. The Begger test in-
dicated no publication bias was found in the studies for
colorectal cancer and esophagus cancer except in the
studies for gastric cancer.

Discussion
In this systematic review and meta-analysis, we evaluated
the association between whole grains intake and the risk
of digestive tract cancer. The results suggest that higher
intake of whole grains were associated with lower risk of
colorectal cancer, gastric cancer and esophageal cancer.
Previous studies have reported the association between

whole grains and digestive tract cancer risk. In 1998
Liliane et al. [17]. first reported the association between
whole grains and digestive tract cancer, and the result
shows that higher intake of whole grains can reduce the
risk of cancer in the colorectal cancer, gastric cancer
and esophageal cancer. However, the literatures included
in this study are almost case-control studies with limited
sample size. In 2011 Dagfinn Aune et al. [16]. reported
that a high intake of whole grains was associated with a

Table 2 Subgroup analysis of whole grains intake and risk of colorectal cancer

Subgroups No. of
studies

No. of
Participants
(Cases)

RR (95% CI) P Heterogeneity Test

Chi-Square I2 phet

All studies 18 1,489,581(19424) 0.89(0.84,0.93) < 0.001 38.82 38% 0.029

Study design

Cohort 11 1,481,538(15519) 0.91(0.88,0.94) < 0.001 22.95 30.3% 0.115

Case-control 7 8043(3905) 0.95(0.91,1.00) 0.030 13.33 47.5% 0.064

Sex

Men 7 236,055(4826) 0.80(0.69,0.92) 0.001 14.07 50.3% 0.050

Women 8 454,822(7126) 0.94(0.89,0.99) < 0.001 6.25 0% 0.619

Geographic locations

Europe 5 311,476(3599) 0.84(0.75,0.93) 0.001 4.40 0% 0.732

America 10 1,176,927(15769) 0.92(0.88,0.95) < 0.001 19.83 34.5% 0.099

Publication year

Before 2010 9 854,956(8822) 0.82(0.76,0.89) < 0.001 8.07 0% 0.622

After 2010 9 634,625(10602) 0.94(0.91,0.97) < 0.001 21.73 40.2% 0.060

Sample size

≥ 500 14 1,488,346(18809) 0.91(0.88,0.94) < 0.001 27.76 27.9% 0.115

< 500 4 1235(615) 0.76(0.51,1.12) 0.170 8.20 63.4% 0.042

Adjustment for energy

Yes 9 881,482(10198) 0.85(0.79,0.92) < 0.001 10.48 4.6% 0.399

No 9 608,299(9226) 0.94(0.91,0.97) < 0.001 21.84 40.5% 0.058

Zhang et al. Nutrition Journal           (2020) 19:52 Page 9 of 14



Fig. 4 The forest plot of whole grains intake and gastric risk. As shown in Fig. 4, eleven studies were included in the analysis whole grains intake
and gastric cancer risk. The result showed that whole grains consumption reduced the risk of gastric cancer by 36% (RR = 0.64, 95% CI: 0.53–0.79,
P < 0.001), with a significant heterogeneity (I2 = 78.2%, P = 0.001)

Table 3 Subgroup analysis of whole grains intake and risk of gastric cancer

Subgroups No. of
studies

No. of
Participants
(Cases)

RR (95% CI) P Heterogeneity Test

Chi-Square I2 phet

All studies 11 1,021,955(8274) 0.64(0.53,0.79) < 0.001 50.42 78.2% < 0.001

Study design

Cohort 2 1,004,696(1518) 0.89(0.78,1.01) 0.070 3.43 41.7% 0.180

Case-control 9 17,259(6756) 0.55(0.41,0.74) < 0.001 41.59 80.8% < 0.001

Geographic locations

Europe 8 16,985(6619) 0.64(0.53,0.79) < 0.001 50.42 78.2% < 0.001

America 3 1,004,970(1655) 0.70(0.50,1.00) 0.051 9.92 69.8% 0.019

Sample size

≥ 500 10 1,021,681(8137) 0.67(0.54,0.82) < 0.001 45.51 78.0% < 0.001

< 500 1 274(137) 0.42(0.24,0.74) 0.003 N/A N/A N/A

Adjustment for energy

Yes 1 34,651(169) 0.61(0.34,0.81) 0.026 N/A N/A N/A

No 10 987,204(8105) 0.65(0.52,0.80) < 0.001 49.03 79.6% < 0.001

Abbreviations: N/A Not applicable
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decreased risk of colorectal cancer. In 2017, A. R. Vieira
et al. [6]. reported that colorectal cancer risk decrease in
17% for each 90 g/day increase of whole grains. In 2018,
Yujie Xu et al. [53]. reported that whole grains con-
sumption was associated with decreased gastric risk. In
2019, Tonghua Wang et al. reported that whole grains
consumption can reduce 13% risk of gastric cancer [54].
In 2018,Rachna Khosla et al. [55]. reported that the asso-
ciation between whole-grains foods and decreased
esophageal cancer risk has been seen.
Whole grains may influence cancer risk through a var-

iety of mechanisms. First, whole grains are rich in a var-
iety of phytochemicals, and these bioactive components
offer potential benefits in reducing cancer [56–58]. Sec-
ond, whole grains are an important source of dietary
fiber. Dietary fiber can increase the volume of feces and
shorten the transit time of the intestines, thereby dilut-
ing carcinogens and reducing their absorption in the in-
testinal epithelium. Dietary fiber can also be fermented
in the colon into short chain fatty acids including butyr-
ate. Butyrate is the fuel of choice for mucosal cells and
has the potential to promote apoptosis and anti-tumor,
thereby reducing tumor growth. They also lower the in-
testinal pH, thereby reducing the solubility of free bile
acids and reducing their carcinogenic activity. In

addition, dietary fiber can remove nitrite in the stomach
and reduce the concentration of nitroso compounds
under strong acid conditions. Nitrate will increase the
risk of gastric cancer [16, 59, 60]. Third, Consumption
of whole grains has been proven to reduce the risk of
obesity and improve metabolic disorders, and it can re-
duce risk of cancer [59, 61–64]. Fourth, whole grains
have antioxidant and anti-inflammatory properties and it
can improves blood sugar response and reduces insulin
resistance, thereby reducing the risk of cancer [65–68].
Due to the difference of pathological location and eti-

ology between colorectal, gastric and esophageal cancers,
we did not conduct the subgroup analysis, sensitivity
analysis and publication bias of whole grains intake and
overall digestive tract cancer risk. In the meta-analysis of
whole grains intake and colorectal cancer risk, we found
a slight heterogeneity, and subgroup analysis was per-
formed to find the source of heterogeneity. When sub-
group analysis based on sex, geographic location,
publication year and whether adjust for energy intake,
no statistically significant heterogeneity was found in the
studies of women, studies of Europe, studies of publica-
tion year before 2010 and studies of adjustment for en-
ergy; suggesting that sex, geographic location,
publication year and whether adjust for energy intake

Fig. 5 The forest plot of whole grains intake and esophagus risk. As shown in Fig. 5, six studies were included in the analysis of whole grains
intake and esophagus cancer risk. The result showed that whole grains consumption reduced the risk of esophagus cancer by 47% (RR = 0.54,
95% CI: 0.44–0.67, P < 0.001) with no heterogeneity (I2 = 27.7%, P = 0.217)
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may be a potential source of heterogeneity. In the meta-
analysis of gastric cancer, there is significant heterogen-
eity. When subgroup analysis based on the study design
showed that the heterogeneity was not significant in the
cohort study,but the heterogeneity was still significant in
the case-control study. This may be due to the recall
bias and selection bias in case-control studies. In
addition, the number of cohort studies is limited. There-
fore, more cohort studies are needed to adequately ad-
just for potential confounders. Due to the significant
publication bias of whole grains intake and gastric can-
cer risk, the association of whole grains and gastric can-
cer should be more cautious to interpret. In addition, we
did not perform the subgroup analysis of whole grains
and esophagus cancer risk because there was no statisti-
cally significant heterogeneitys.
There were limitations to our meta-analysis that

should be considered. First, this study lacks high quality
epidemiological studies. Due to the differences in
methods for assessing whole-grains intake, we are unable
to perform a meta-analysis of dose-response. Second,
differences in the definitions of whole grains and in the
categories of whole grains foods among studies might
also be another possible source of heterogeneity. Third,
there was high heterogeneity and publication bias in the
analysis of whole grains and gastric. The existence of
heterogeneity and publication bias makes it more cau-
tious to interpret the results of this meta-analysis.
Fourth, the included studies are mainly from Europe and
America, lacking research in other regions. Finally, only
published studies were included in the meta-analysis, the
limitation of possible publication bias should be taken
into consideration.

Conclusion
In conclusion, intake of higher whole grains can reduce
the risk of colorectal cancer, gastric cancer and esopha-
geal cancer. However, it should be more cautious to in-
terpret the association of whole grains and gastric
cancer because there is a high heterogeneity and signifi-
cant publication bias. More high-quality study is needed
in the future to clarify dose-response relationships and
to assess the relationship between whole grains and di-
gestive tract cancer.
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