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Abstract: Mounting evidence from epidemiology studies suggests that

whole grain intake may reduce pancreatic cancer risk, but convincing

evidence is scarce. We conducted a meta-analysis to assess the associ-

ation between whole grain intake and pancreatic cancer risk.

Relevant observational studies were identified by searching

PubMed, Embase, Scopus, and Cochrane library databases for the

period from January 1980 to July 2015, with no restrictions. We

calculated the summary odds ratios (ORs) for pancreatic cancer using

random-effects model meta-analysis. Between-study heterogeneity was

analyzed using the I2 statistic.

A total of 8 studies regarding whole grain intake were included in the

meta-analysis. The pooled OR of pancreatic cancer for those with high

versus low whole grain intake was 0.76 (95% confidence interval [CI],

0.64–0.91; P¼ 0.002). There was no significant heterogeneity across

these studies (I2¼ 11.7%; Pheterogeneity¼ 0.339). In the subgroup

analysis by geographic area, the summary ORs of developing pancreatic

cancer were 0.64 (95% CI, 0.53–0.79; P< 0.001; I2¼ 0%;

Pheterogeneity¼ 0.482) in the United States (n¼ 4) and 0.95 (95% CI,

0.63–1.43; P¼ 0.803; I2¼ 45.6%; Pheterogeneity¼ 0.175) in Europe

(n¼ 2). In the subgroup analysis by type of whole grain, the summary

ORs were 0.72 (95% CI, 0.60–0.87; P¼ .001; I2¼ 0;

Pheterogeneity¼ 0.876) for grains (n¼ 4) and 0.74 (95% CI, 0.27–2.02;

P¼ 0.554; I2¼ 86.3%; Pheterogeneity¼ 0.007) for wheat (n¼ 2).

A high intake of whole grains was associated with a reduced risk of

pancreatic cancer. Because of the absent of more cohort studies, further

prospective studies need to be conducted to ensure conclusions that are
Tian, PhD, Min Xu u, PhD,
D, and Jieshou Li, MD

Abbreviations: BMI = body mass index, CI = confidence interval,

HR = hazard ratio, NOS = Newcastle–Ottawa Scale, OR = odds

ratio, PC = Pancreatic cancer, RR = relative risk.

INTRODUCTION

P ancreatic cancer (PC) is the seventh most common cause of
cancer mortality, with 330,000 deaths per year worldwide,

accounting for about 4.0% of all cases of cancer.1 Evidence
from epidemiologic data has suggested that uneven dietary
intake is a major important etiological factor of PC, and high
intakes of red and processed meats and low consumptions
of vegetables, fruits, and dietary fiber are considered to be
dietary risk factors for this disease.2–4

In the 1990s, Howe initially proposed the hypothesis that
dietary fiber should be a biologically independent protective
factor of PC, based on the findings of low PC cancer rates
among Canadians who have high dietary fiber intakes. Some
plausible explanations for this hypothesis may be that dietary
fiber intakes alter cytokine production and modulate inflam-
mation,5 counter the carcinogenic effects of N-nitroso
compounds,6 and affect the intestinal immune system.7 Whole
grain, which include the bran, germ, and endosperm, is a
primary source of dietary fiber and appears to be associated
with a reduced risk of various types of cancer. In addition, the
anticarcinogenic properties, which are based on the content of
dietary fiber, folate, and various antioxidants, are purported to
play a protective role in pancreatic carcinogenesis.8,9 In a
systematic review and meta-analysis of 40 case-control studies
of 20 cancers and colon polyps conducted in 1998 provided
earlier evidence that a whole grain intake protects against
multifarious cancer.10 A summary odds ratio (OR) of 0.7 for
reducing PC risk in those with a high versus low intake of whole
grains was reported among 4 studies in this review. The updated
series of case-control studies in Italy could be used to confirm
the beneficial outcomes of whole grain foods on the incidence
of the most human cancers, and diets high in whole grains might
have a favorable role in PC.11 In contrast, the relationship
between diet and PC risk were investigated in 3 case-control
studies by Gold et al12 Soler et al13 and Chatenoud et al,14 which
unanimously indicated that high intakes of whole grain foods
could not reduce the risk of PC. Similar controversial results
were also observed in one prospective cohort studies, which
showed no consistent pattern for the protective effect between
wheat products and PC risk.15

Although a previous meta-analysis was conducted to
examine whole grains and PC risk in 1998, the evidence from
epidemiologic surveys has still been controversial in recent
creasing results regarding whole grain
e been published during the past decade;
be updated to ensure conclusions that are
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of NOS, the scores ranged from 5 to 9; there were 4 high-15,22–24

and 4 low-quality studies.11,12,20,21 In most case-control studies,
there were exposure and selection biases and the nonresponse
more robust. Therefore, we tested the hypothesis that whole
grain intake is associated with PC risk by carrying out a meta-
analysis of case-control and cohort studies.

MATERIALS AND METHODS

Search Strategy and Eligibility Criteria
We performed a literature search using PubMed, Embase,

Scopus, and Cochrane library databases from January 1980 to
July 2015 for all observational studies in which the relationship
between whole grain consumption and PC risk was assessed.
The studies were identified using the following Keywords:
whole grain; whole wheat; grain; wheat; brown rice; cereals;
barley; rye; oat; maize; corn; sorghum; PC; pancreatic neo-
plasms; and pancreatic tumor. In addition; we searched and
systematically examined the list of references from relevant
articles. Studies were included in our meta-analysis if they met
the following criteria: published in English language; case-
control or cohort study; the exposure was whole grain or whole
wheat foods; the outcome was PC; and relative risk (RR), OR, or
hazard ratio (HR) estimates with 95% confidence intervals (CIs)
were reported or could be estimated based on data provided in
the original articles or other relevant study. If duplicate data
were published or study populations were the same; we included
only the study with the largest number of sample size. Because
our study was based on previous published data; therefore, we
did not need to obtain ethical approval or informed consent.
Additionally, the included studies in our review cited did in fact
got patient consent and that each study was approved by an
ethics committee.

Data Extraction and Quality Assessment
Data extraction was performed independently by 6 authors

(QL, HZ, JB, FT, MX, and TJ) and quality assessment was
conducted by 3 authors (QL, HZ, and JB); any disagreements
were resolved by consensus and discussion among research
team members. The following data were extracted from each
included study: the first author’s last name; publication year;
type of study design; country where the study was conducted;
study period; the age and sex of participants; sample size
(number of cases and controls); type of whole grains; measure-
ment of exposure; ORs, RRs, or HRs with 95% CIs; and
variables matched or adjusted for the analysis. We also con-
tacted the authors through e-mail when additional unpublished
information about their studies was required for analysis. If the
information was still unavailable due to nonresponse from the
corresponding author or data loss, only the available results in
the article were reported. Quality assessment of each study was
conducted using the Newcastle–Ottawa Scale (NOS),16 which
involves 2 different tools for case-control and cohort studies,
and 3 aspects of study characteristics were evaluated (ie,
selection, comparability, and outcome/exposure assessment).
The full score was 9 stars, and high and low quality studies were
defined as studies with �7 stars and �6 stars, respectively.

Statistical Analysis
The data analysis was performed using Stata software,

version 12.0 (Stata, College Station, TX). The relationship
between whole grain intake and PC risk was evaluated using
the summary ORs. Based on Greenland’s study17 and due to the

Lei et al
low prevalence of PC, the RRs, and HRs were considered
equivalent to the ORs. The summary ORs with the 95% CIs
were combined using the random-effects model. Heterogeneity
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among studies was assessed using the I2 statistics, and a P value
below 0.10 was considered significant.18 The subgroup analyses
were performed according to the study design, geographic area,
type of whole grains, gender, control type, study quality, and
adjustments factors. Sensitivity analyses, omitting 1 study at a
time, were performed to evaluate whether the pooled result was
credible and stable.19 All other P values were 2-sided and P
values below 0.05 were considered statistically significant.

RESULTS

Literature Search and Study Characteristics
The detailed steps of the literature search are shown in

Figure 1. In total, 112 studies were originally identified from the
above-mentioned databases; 106 articles were excluded based
on the inclusion criteria and the remaining 6 studies were used
for further review. Four studies were additionally identified
form the references of one study.10 Afterward, the full text of 10
studies were systematically reviewed. There were no reported
95% CIs in 2 articles,12,22 these data of those two studies12,22

would be estimated from the previous meta-analysis.10

Additionally, 2 studies were excluded because the same study
population was reported.13,14 Ultimately, 8 articles11,12,15,20–24

involving 43,629 participants and 2548 patients with PC were
included in our meta-analysis. Among these 8 studies, 7 were
case-control studies11,12,20–24 and 1 was a cohort study.15 The
earliest and latest studies were published in 1985 and 2011,
respectively. All studies were conducted in the USA except for
the 3 studies conducted in Europe.11,15,22 Sample sizes ranged
from 402 to 27,111. The study population comprised men and
women in 6 studies11,12,20,22–24 and only men in 2 studies.15,21

All studies adjusted for age, sex, and smoking, most studies
adjusted for alcohol consumption (n¼ 5), and only 3 studies
adjusted for energy intake.15,22,24 The summary of study charac-
teristics are shown in Table 1. According to the scoring criteria

Medicine � Volume 95, Number 9, March 2016
FIGURE 1. Flow-chart of study selection in the meta-analysis.
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rates were not reported. Only one cohort study of high quality
was included in our meta-analysis. The results of the study
quality assessment are presented in Table 2.

Effects of Whole Grains on Pancreatic Cancer
The relationship between whole grains and PC risk was

evaluated in 7 case-control studies11,12,20–24 and 1 cohort
study.15 There were no reported 95% CIs or ORs in 2 of the
included studies12,22; therefore, we used the pooled data from 4
observational studies12,20–22 in a previous meta-analysis.10

Ultimately, a total of 5 studies10,11,15,23,24 were used to analyze
the association between whole grains and PC risk. No signifi-
cant heterogeneity was observed among case-control studies
(I2¼ 0%, Pheterogeneity¼ 0.872), and we found a statistically
significant association between whole grain intake and PC risk
with a summary OR of 0.72 (P< 0.001; 95% CI, 0.60–0.85;
Table 3). However, there was no relationship between whole
grain intake and PC risk in the cohort study (OR, 1.23; P¼ 0.54;
95% CI, 0.73–2.05); however, only 1 study was included in this
assessment. Pooling the data from case-control and cohort
studies yielded a summary OR of 0.76 (95% CI, 0.64–0.91)
for high versus low intake of whole grains, which also indicated
that a diet high in whole grains was associated with a statisti-
cally significant reduction in PC risk (P¼ 0.002). No significant
heterogeneity was present among these studies (I2¼ 11.7%;
Pheterogeneity¼ 0.339; Figure 2).

SUBGROUP ANALYSIS

Subgroup Analysis by Geographic Area
Due to the lack of relevant data, subgroup analysis was not

performed in 2 studies.12,22 OR estimates for whole grain intake
and PC risk were reported in 4 studies20,21,23,24 conducted in the
USA and 2 studies11,15 in Europe. When we preformed the
subgroup analysis by geographic area, a statistical significant
association between whole grain intake and PC risk was observed
in the USA (OR, 0.64; 95% CI; 0.53–0.79; P< 0.001), but not in
Europe (OR, 0.95; 95% CI, 0.63–1.43; P¼ 0.803). There were no
significant heterogeneity between the findings from the United
States (I2¼ 0%; Pheterogeneity¼ 0.482) and Europe studies
(I2¼ 45.6%; Pheterogeneity¼ 0.175; Figure 3).

Subgroup Analysis by Type of Whole Grains
Results regarding the relationship between PC risk and the

high versus low intake of grains and wheats were reported in
411,20,23,24 and 2 studies,15,21 respectively. When we preformed
the subgroup analysis by the type of whole grains, a statistical
significant association between PC risk and grain intake was
observed (OR, 0.72; 95% CI, 0.60–0.87; P¼ 0.001), but not for
wheat intake (OR, 0.74; 95% CI, 0.27–2.02; P¼ 0.554). There
was significant heterogeneity between the 2 studies about the
intake of wheats (I2¼ 86.3%; Pheterogeneity¼ 0.007), but not
among the 4 studies about the intake of grains (I2¼ 0%;
Pheterogeneity¼ 0.876; Figure 4).

Subgroup Analysis by Other Factors
In order to minimize heterogeneity among studies, several

subgroup analyses were conducted according to study design,
gender, control type, study quality score, and major adjustments
for potential confounders. The results of the subgroup analysis

Lei et al
by study design are shown in Table 3. In the 2 studies that
included only men,15,21 the pooled summary OR of the sub-
group analyses was 0.74 (95% CI, 0.27–2.02, P¼ 0.554). When T
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TABLE 3. Subgroup Analysis of Whole Grain Intake and Pancreatic Cancer Risk

Number of Studies
(Reference) OR (95% CI) I2 (%) Pheterogeneity P

Study design
Case-control 711,12,20–24 0.72 (0.6–0.85) 0 0.872 <0.001
Cohort 115 1.23 (0.73–2.05) – – 0.54

Gender
Male 215,21 0.74 (0.27–2.02) 86.3 0.007 0.554
Female – – – – –

Control type
�

Hospital control 211,24 0.75 (0.58–0.98) 0 0.617 0.034
Population control 415,20,21,23 0.70 (0.47–1.03) 60.8 0.054 0.07

Study quality score
�

Low (NOS< 7) 311,20,21 0.67 (0.50–0.89) 41.3 0.182 0.005
High (NOS� 7) 315,23,24 0.81 (0.54–1.23) 47.4 0.149 0.323

Date of the investigation
Before 2000 220,21 0.59 (0.38, 0.91) 54.8 0.137 0.018
After 2000 411,15,23,24 0.81 (0.63, 1.04) 21.1 0.283 0.098

Adjustments of risk factors or confounders
BMI
Yes 223,24 0.67 (0.48–0.95) 0 0.699 0.022
NO 411,15,20,21 0.74 (0.54–1.03) 60.8 0.054 0.075
Meat
Yes 221,23 0.5 (0.33–0.76) 0 0.481 0.001
NO 411,15,20,24 0.79 (0.64–0.97) 21.5 0.281 0.025
Alcoholy

Yes 411,20,21,24 0.68 (0.56–0.83) 12.2 0.332 <0.001
NO 215,23 0.89 (0.44–1.79) 63.4 0.098 0.743
Smoking

�

Yes 611,15,20,21,23,24 0.72 (0.58–0.9) 37.9 0.153 0.004
NO – – – – –
Energy intakez

Yes 315,23,24 0.81 (0.54–1.23) 47.4 0.149 0.323
NO 311,20,21 0.67 (0.5–0.89) 41.3 0.182 0.005
Diabetes
Yes 221,23 0.5 (0.33–0.76) 0 0.481 0.001
NO 411,15,20,24 0.79 (0.64–0.97) 21.5 0.281 0.025

CI¼ confidence interval, NOS¼Newcastle–Ottawa Scale, OR¼ odds ratio.�
Studies by Gold et al and Bueno de Mesquita et al were excluded because 95% CIs or ORs were not reported.

ere
CIs
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subgroup analyses were performed by control type, statistically
significant associations between whole grain intake and PC risk
were observed in the hospital-based control study (OR, 0.75;
95% CI, 0.58–0.98; P¼ 0.034) but not in the population-based
control study (OR, 0.7; 95% CI, 0.47–1.03; P¼ 0.07). In further
subgroup analysis by study quality score, a significant
decreased risk of PC was found only for low quality studies
(OR, 0.67; 95% CI, 0.50–1.09; P¼ 0.005); however, a signifi-
cant association was not observed in the high quality studies
(OR, 0.81; 95% CI, 0.54–1.23; P¼ 0.323). When we preformed
the subgroup analysis by date of the investigation, a statistical
significant decreased risk of PC was observed (OR, 0.59; 95%
CI, 0.38–0.91; P¼ 0.018) for the study that performed prior to
year 2000, but not for the study that performed after 2000 (OR,
0.81; 95% CI, 0.63–1.04; P¼ 0.098). We also conducted

yThe study by Gold et al was excluded because 95% CIs and ORs w
zThe study by Bueno de Mesquita et al was excluded because 95%
– ¼ none
subgroup analyses by some potential confounders, such as body
mass index (BMI), meat, alcohol, smoking, energy intake, and
diabetes; the results were consistent with the overall data

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
(ie, significant reduction of PC risk). The detail results are
summarized in Table 3.

Sensitivity Analysis
A sensitivity analysis was conducted to determine whether

the results would change when one study was omitted at a time.
According to our sensitivity analysis, the results regarding
whole grain intake and the reduction of PC risk were robust
(Figure 5). When continuously excluding one study, the results
were unchanged, with a range of summary ORs from 0.68 to
0.77 and all P values were below 0.05 (Table 4).

DISCUSSION
To the best of our knowledge, this is the largest pooled

not reported.
were not reported.
analysis of the relationship between whole grain intake and PC
risk based on 8 published observational studies with >2500
cases. In the present meta-analysis, we identified a significant

www.md-journal.com | 5
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association between whole grain intake and PC risk. Higher
intake of whole grains was associated with a reduction of PC
risk. Similar results were observed in the subgroup analyses.

Whole grains have various micronutrients and rich non-
nutrients that are lost in the refining process25,26 and may have a
benefit in preventing cancer.27 In 1986, Mack et al20 conducted
a case-control study in Los Angeles, and they were the first to
show that the intake of whole grain bread was inversely
associated with having PC. Furthermore, Jacobs et al10 pro-
posed and proved the hypothesis that whole grain consumption
protects against many kinds of cancer, including PC. Some
potential mechanisms to explain this hypothesis have been

FIGURE 2. Summary odds ratios of pancreatic cancer for the h
confidence interval.
suggested. Firstly, whole grains are a rich source of dietary
fiber. High fiber foods are known to have potential anticarci-
nogenic properties and cancer-preventive effects, such as

FIGURE 3. Summary odds ratios of pancreatic cancer for the highest
geographic area. OR¼odds ratio, CI¼ confidence interval.

6 | www.md-journal.com
reducing N-nitroso compounds6 and enhancing immunity,7

and particularly produce various antiinflammatory cytokines,
which may be involved in the initiation and progression of PC.28

A significant inverse association between dietary fiber intake
and PC risk was observed in a recent meta-analysis of epide-
miological studies.29 Secondly, whole grains are concentrated
sources of vitamin B, such as pantothenic acid, thiamin, niacin,
riboflavin, and folate.30 Folate are of particular importance
because a protective role of folate consumption on PC risk
has been suggested by the World Cancer Research Fund31 and a
meta-analysis (pooling of 4 case-control and 6 cohort studies).8

Thirdly, whole grains are rich in multifarious antioxidants,

est versus lowest of whole grains intake. OR¼odds ratio, CI¼
including vitamins (vitamin C and E and b-carotene)32 and
trace minerals (selenium, zinc, copper, and manganese).32,33

Those trace elements are components of enzymes that conduct

versus lowest of whole grains intake using subgroup analysis by

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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antioxidant functions, and several researchers have determined
that b-carotene, vitamin E, and selenium intakes are inversely
associated with PC risk.34–36 Fourthly, whole grains are signifi-
cant sources of some key non-nutrients, such as phenolic acids,
phytoestrogens, and lignans, which protect against pancreatic
carcinogenesis by modulating hormonal pathways.33,37 Finally, a
high intake of whole grains has been reported to lower the levels
of C-peptide, insulin, homocysteine, leptin, total cholesterol, and

FIGURE 4. Summary odds ratios of pancreatic cancer for the highe
of whole grains. OR¼odds ratio, CI¼ confidence interval.
low-density lipoprotein cholesterol,38,39 which may directly or
indirectly guard against the development of PC.23 Although
various plausible mechanisms have been proposed to explain

FIGURE 5. Sensitivity analysis for whole grains.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the protective effects of consuming whole grains on developing
PC, it is difficult to determine the protective bioactive com-
ponents of whole grains from the epidemiologic studies. Further
experimental studies are needed to confirm the underlying pro-
tective mechanisms of whole grains or their different bioactive
components in PC.

In a previous expanded review and meta-analysis, based on
40 case-control studies of 20 types of cancers and colon polyps, it

rsus lowest of whole grains intake using subgroup analysis by type
was demonstrated that whole grain intake would reduce the risk of
various cancers, including oral, gastric, colorectal, endometrial,
pancreatic, and other digestive cancers.10 In this previous meta-

www.md-journal.com | 7



TABLE 4. The Sensitivity Analysis Results for Whole Grains

Excluded Study OR (95% CI) P

Mack et al,20 1986 0.73 (0.54–0.98) 0.036
Olsen et al,21 1989 0.77 (0.64–0.92) 0.005
Vecchia et al,11 2003 0.7 (0.53–0.93) 0.014
Chan et al,23 2007 0.74 (0.57–0.94) 0.016
Janse et al,24 2011 0.73 (0.55–0.96) 0.025
Stolzenberg-solomon

15
0.68 (0.57–0.81) <0.001

Lei et al
analysiswith4 case-control studies that involving assessed the risk
of PC, the summary OR for the risk of PC in those with the highest
whole grain intake, compared to the lowest intake, was 0.7 (95%
CI, 0.54–0.86). Since then, some observed studies have increased
yearly and inconsistent results have been published. In 2007, Chan
et al23 suggested that consuming more whole grains might reduce
the risk of developing PC based on a large population-based case-
control study with 532 cases and 1701 controls. After 4 years,
Jansen et al24 further provided evidence that lower intake of whole
grains was related to developing PC. However, the hypothesis that
a high intake of wheat products may increase the risk of PC was
supported in a prospective study with 27,111 male smokers.15 Our
meta-analysis, based on 7 case-control studies and 1 cohort study
involving 2548 PC cases, should provide a better understanding
about whole grain intake and the risk of PC. Interestingly, the OR
for PC in those with the highest versus lowest whole grain intake in
our study was similar to the previous meta-analysis. However, in
order to reduce reporting bias, the estimated risk of PC was pooled
using only data from published studies in which the 95% CIs or
ORs were reported in the original articles (excluded the studies by
Gold et al and Bueno de Mesquita et al). In the pooled analysis, we
found a significant inverse association between whole grain
intake and PC risk (pooled OR, 0.72; 95% CI, 0.58–0.90;
P¼ 0.002; data not shown). Therefore, excluding 2 studies12,22

also failed to alter the estimated risk of PC; however, this result
would further strengthen the association between whole grain
intake and PC risk.

In the subgroup analysis, we found that the risk of PC
decreased with increasing whole grain intake in the USA. How-
ever, the association between whole grain intake and PC risk was
not found in Europe. This might be due to the difference in the
type of study conducted in Europe because only 1 cohort study
was included. The study type is a factor that should not be ignored
when analyzing the results. In a pooled analysis of 5 case-control
studies, a stronger association was observed when the study type
was used to assess the relationship between whole grain intake
and PC risk, however, no significant association was found in the
European cohort study. There was a statistically significant
inverse association between PC risk and intake of grains, but
not wheats, when we performed a subgroup analysis according to
the type of whole grains. Some other reasons may be the
heterogeneity of study type (I2¼ 83.6%, Pheterogeneity¼ 0.007)
and the limited number of studies, which may have been too small
to significantly reduce the risk of PC. Researchers have indicated
that BMI,40 alcohol consumption,41 and smoking42 might
increase the risk of PC; a significant inverse association between

et al, 2002

CI¼ confidence interval, OR¼ odds ratio.
whole grain intake and PC risk was observed in our subgroup
analysis that adjusted for these potential confounders. Further-
more, meat consumption3 and diabetes history43 were risk factors

8 | www.md-journal.com
for PC. We respectively adjusted for those 2 risk factors in our
subgroup analysis, and the statistical significant association
between whole grain intake and PC risk was confirmed; however,
the relationship was also observed when we performed the
analysis without any adjustments. In addition, the relationship
between whole grain intake and PC risk was completely consist-
ent and stable according to our sensitivity analysis, which was
conducted by excluding one study at a time.

Our meta-analysis also has several limitations. Firstly, our
analysis was based on 7 case-control studies and only 1 cohort
study. Therefore, the recall bias from case-control investigations
was likely to be acknowledged. Secondly, the quality of our
included studies was moderate. The association between whole
grain intake and PC risk was not found in high quality studies
(NOS� 7) when we performed a subgroup analysis based on
quality score. Further investigations are necessary to determine
whether the quality of study affects the significance of the
association. Third, most of studies may exist introduce bias
because age, sex, and smoking status were controlled for in
almost all the included studies; other potential confounders (ie,
BMI, meat consumption, energy intake, and diabetes history)
were also adjusted for in a few studies. Additionally, although the
ORs that we extracted from the included studies would contain
the greatest degree of control for main potential confounders,
confounding by other unmeasured factors (ie, coffee,44 citrus
fruits,45 and green tea consumption46), which may threaten the
validity of observed results to some extent, was not adjusted for in
the majority of included studies. Fourthly, the 95% CIs or ORs
were not reported in 2 of the included studies and therefore, these
values were only pooled from a previous meta-analysis, which
may lead to reporting bias. Fifthly, the results obtained from the
subgroup analysis by specific categories (ie, geographic area and
type of whole grains) and adjustments of confounders were based
on a limited number of studies. Sixthly, the intake levels of whole
grains were mentioned in only 2 included studies;23,24 however,
we did not pool the data and conducted a dose-response meta-
analysis due to the inconsistencies in the unit of measurement for
whole grain intake and the evaluation methods. In addition,
differences in the definitions of whole grain intake among studies
might result in heterogeneity.

In conclusion, dietary intake of whole grains was appreciably
and inversely related to PC risk according to our meta-analysis of
all relevant case-control and cohort studies. To fully understand
the relationship between whole grain intake and PC risk, larger
well-designed prospective cohort studies that consider whole
grain subgroups (eg, grain and wheat) are required in the future.
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