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Abstract

Background We conducted a systematic review and

meta-analysis of meat intake and esophageal cancer risk,

with subgroup analyses based on meat type and histologi-

cal type of cancer.

Aims The purpose of this study was to investigate the

association between meat intake and risk of esophageal

cancer.

Methods We searched MEDLINE, EMBASE and Coch-

rane Library (April 2013) for cohort and case–control

studies that assessed meat intake and esophageal cancer

risk. Random-effect or fixed-effect models were used to

pool relative risks (RRs) from individual studies with

heterogeneity and publication bias analyses carried out.

Seven cohort and 28 case–control studies were included.

Results The summary RRs for esophageal cancer for the

highest versus lowest consumption categories were 1.19

(95 % confidence interval [CI] 0.98–1.46) for total meat,

1.55 (95 % CI 1.22–1.96) for red meat, 1.33 (95 % CI

1.04–1.69) for processed meat, 0.72 (95 % CI 0.60–0.86)

for white meat, 0.83 (95 % CI 0.72–0.96) for poultry, and

0.95 (95 % CI 0.76–1.19) for fish. When striated by his-

tological subtype, positive associations were seen among

esophageal squamous cell carcinoma and red meat, white

meat and poultry, and esophageal adenocarcinoma with

total meat and processed meat.

Conclusions Meat consumption is associated with

esophageal cancer risk, which depends on meat type and

histological type of esophageal cancer. High intake of red

meat and low intake of poultry are associated with an

increased risk of esophageal squamous cell carcinoma.

High meat intake, especially processed meat, is likely to
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increase esophageal adenocarcinoma risk. And fish con-

sumption may not be associated with incidence of esoph-

ageal cancer.

Keywords Meat � Fish � Esophageal cancer � Esophageal

squamous cell carcinoma � Esophageal adenocarcinoma �
Meta-analysis

Introduction

Esophageal cancer (EC) is the sixth leading cause of can-

cer-related mortality and the eighth most frequently diag-

nosed cancer worldwide, with an estimate of more than

450,000 people and rapidly increasing incidence [43].

There are two major histological types of EC: esophageal

squamous cell carcinoma (ESCC) and esophageal adeno-

carcinoma (EAC). ESCC is the predominant histological

type of EC globally, especially the so-called Asian belt

(Turkey, northeastern Iran, Kazakhstan, and northern and

central China) has a very high incidence of ESCC, where it

accounts for about 90 % of the total EC cases [27]. How-

ever, the incidence of EAC has dramatically increased in

Australia, the United Kingdom, the United States, and

some western European countries, and now exceeds that of

ESCC [35]. Risk factors for ESCC are most known as

tobacco smoking and alcohol drinking. Symptomatic gas-

tro-esophageal reflux disease (GORD), as well as white

race, male gender, obesity and tobacco smoking are con-

sistently identified as established risk factors for EAC [32].

Epidemiological studies and meta-analysis have shown

that diet, such as meat consumption, is associated with

increased risk of colorectal cancer, pancreatic cancer and

bladder cancer [33, 52, 58]. And higher consumption of

white meat may reduce the risk of lung cancer and ovarian

cancer [31, 60]. As for meat (including total meat, red meat,

processed meat, white meat, poultry and fish) consumption

and EC risk, divergent results have been reported in epi-

demiological studies. To our knowledge, there has been few

published meta-analysis concerning a specific kind of meat

intake and EC risk [6, 22, 45], and few comprehensive

quantitative assessment of the association between meat

consumption and EC risk was performed. Thus, we carried

out a comprehensive meta-analysis to assess this association

from epidemiological observational studies.

Materials and Methods

Data Source and Searches

Two independent investigators (Hong-Cheng Zhu and

Xi Yang) conducted a computerized literature search in

MEDLINE (PubMed, http://www.ncbi.nlm.nih.gov/pubmed/),

EMBASE (www.embase.com/), and the Cochrane Library

(http://www.thecochranelibrary.com/) from their inception

to April 13, 2013. The search strategy included terms of

outcome (esophageal cancer, oesophageal cancer, esopha-

geal neoplasms, esophageal squamous cell carcinoma, and

esophageal adenocarcinoma) and exposure (meat, red

meat, processed meat, white meat, poultry, fish, beef, pork,

lamb, and goat). Further, we carried out a broader search

on diet or foods and scanned the cited references of

retrieved articles to identify any additional relevant studies.

No language restriction was applied.

Study Selection Criteria

Red and processed meat was defined according to Word

Cancer Research Fund/American Institute for Cancer

Research in our meta-analysis [55]. Our inclusion criteria

were: (1) a case–control or cohort design, (2) the associa-

tion between meat (including total meat, red meat, pro-

cessed meat, white meat, poultry and fish) and EC risk was

evaluated, and (3) odds ratio (OR), relative risk (RR) or

hazard ratio (HR) estimates with 95 % confidence interval

(CI) were available. If data was duplicated in more than

one study, the larger size or complete studies were included

in this analysis. Studies were excluded if they reported on

several cancer sites combined, for example, upper aerodi-

gestive tract cancers or cancers of oral cavity, pharynx and

esophagus combined. Non-peer-reviewed articles, ecologic

assessments, correlation studies, experimental animal

studies and mechanistic studies were excluded.

Data Abstraction and Quality Assessment

We summarized RRs for all ECs as well as ESCC and EAC

separately when the results were presented according to

histological subtypes. We assumed that the majority of

cases from non-Western countries were ESCC, when the

results were reported for all ECs [26]. Two independent

researchers (Hong-Cheng Zhu and Xi Yang) extracted the

following data from each study that met the criteria for

inclusion: the first author’s name, year of publication,

geographic regions, journal, number of cases, outcome,

cohort size, cohort name and duration of follow-up (cohort

studies), number and type of control subjects (case–control

studies), type of cancer, type of meat, consumption cate-

gories, adjusted ORs, RRs, or HRs with 95 % CI, and

adjusted variables. When several risk estimates were pre-

sented for men and women, ESCC and EAC, or a single

kind of meat, the detailed information was extracted. From

each study, we extracted the risk estimates that reflected

the greatest degree of control for potential confounders.

The study quality was assessed on the basis of the
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Newcastle-Ottawa Quality Assessment Scale with an

energy-adjusted residual or nutrient-density model added

as an item for modification of the scoring system [59]. A

study with C7 awarded stars was defined as a high-quality

study in the 10-star system.

Statistical Analysis

Statistical analyses were based on comparison of the highest

intake category with the lowest intake category (which may

include people who do not eat meat). The highest and

lowest intake category was extracted from the highest and

lowest exposure in each article. The study-specific most

adjusted association estimates were used as the common

measure of association across studies and the ORs were

considered to be equivalent to RRs or HRs because EC is a

rare outcome in humans. For studies that provided RRs

separately of different gender or histological subtypes,

combined RRs and CIs were pooled in overall analysis.

We performed the meta-analyses of meat (including

total meat, red meat, processed meat, white meat, poultry

and fish) consumption with total EC, as well as ESCC and

EAC respectively, due to the discrepancy in the etiology

and clinicopathological profiles between ESCC and EAC.

Subgroup analysis was conducted by study quality, study

design (cohort studies and case–control studies), control

source (population–based and hospital-based), geographic

region (Asia, Europe, the United States, South America,

and Australia), and study adjustments (body mass index

[BMI], smoking, alcohol drinking, and total energy intake).

To assess heterogeneity among studies, we used the

Cochran Q and I2 statistics. The null hypothesis that the

studies are homogeneous was rejected if the P value for

heterogeneity was \0.0.05 or the I2 was C50 %. When

substantial heterogeneity was detected, the summary esti-

mate based on the random effects model was reported.

Otherwise, the summary estimate based on the fixed effects

model was reported [10].

Publication bias was evaluated by using funnel plots and

the further Begg’s-adjusted rank correlation test and

Egger’s regression test and a visual inspection of the funnel

plot [2, 14]. A two-tailed P value\0.05 was considered to

be significant. All statistical analyses were performed using

STATA, version 11.0 (STATA, StataCorp, College Station,

Texas, USA).

Results

Literature Search and Study Characteristics

The search generated 244 citations, of which 45 articles

were considered potential value and full text was retrieved

for detailed evaluation, and 20 of which were excluded due

to various reasons, such as the same population, no avail-

able ORs or RRs, etc. An additional ten articles were

included from the reference review (Fig. 1). The 35 articles

included consisted of 24 for total meat, 15 for red meat, 15

for processed meat, four for white meat, 12 for poultry, and

25 for fish. Twenty seven are considered ESCC and ten are

EAC. Subjects with EC are from Asia [7, 15, 18, 19, 21, 28,

30, 39, 41, 42, 48, 51, 57], Europe [3, 16, 20, 29, 34, 36,

37] (O’Doherty et al. [40, 46, 49]), the United States [4, 5,

8, 9, 38, 54, 56], South America [11–13, 44], and Australia

[25]. The total numbers of subjects in this meta-analysis

include 4,379 cases and 1,897,574 participants form seven

prospective cohort studies and 8,934 cases and 21,504

controls from 28 case–control studies. The outcome was in

incidence in most of the studies, while mortality was pre-

sented in two [30, 41]. One Indian case–control study

reported ORs using population and hospital controls [39],

so both of the available data was extracted. Most studies

used food frequency questionnaires for the assessment of

meat consumption and adjusted for age, sex, education,

residence, smoking, alcohol drinking, BMI, total energy

and a variety of other nutrients intake. The characteristics

of the articles are presented in Supplementary Table 3

(cohort studies) and Supplementary Table 4 (case–control

studies).

The study-specific quality scores are summarized in

Supplementary Table 1 and Supplementary Table 2,

according to the 10-point scoring system. The quality score

ranged from 3 to 10 on the scale. The median score of

cohort and case–control studies were 9 and 7, respectively.

High-quality studies (score C 7) consisted of all the seven

cohort studies and 18 case–control studies.

Total Meat and Esophageal Cancer

Among the 24 studies of 8,765 cases on total meat intake

and total EC, six provide statically significant positive

association. In our meta-analysis, we found a 19 % incre-

ment of the association between high total meat con-

sumption and EC risk, while the result was not statically

significant (RR = 1.19, 95 % CI = 0.98–1.46) (Fig. 2).

Statistically significant heterogeneity was detected

(I2 = 73.3 %, P \ 0.001). Publication bias was indicated

from Egger’s test (P = 0.009) but not Begg’s test

(P = 0.107). In subgroup analyses, positive association

was found among population-based studies (RR = 1.54,

95 % CI = 1.13–2.10), and studies that adjusted for BMI

(RR = 1.50, 95 % CI = 1.15–1.97) and energy intake

(RR = 1.47, 95 % CI = 1.06–2.05). When striated by

histological subtype, we found no positive association

between high intake of total meat and ESCC risk among

the 18 studies. But a strong association of 96 % increment
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was observed among high intake of total meat and EAC

among the six studies, with statistically significant heter-

ogeneity (I2 = 62.9 %, P = 0.019) and no publication bias

(Egger’s test, P = 0.743; Begg’s test, P = 0.851). Sub-

group analyses of high-quality studies (RR = 1.96, 95 %

CI = 1.26–3.03), population-based case–control studies

(RR = 1.99, 95 % CI = 1.18–3.36), and studies that

adjusted for BMI (RR = 1.57, 95 % CI = 1.17–2.11),

smoking (RR = 1.65, 95 % CI = 1.23-2.22), alcohol

(RR = 1.41, 95 % CI = 1.01–1.96), and energy intake

(RR = 1.96, 95 % CI = 1.26–3.03) confirmed the positive

association (Supplementary Table 5).

Red Meat, Processed Meat, and Esophageal Cancer

Our analysis of 15 articles found a 55 % and a 33 %

increment of red (RR = 1.55, 95 % CI = 1.22–1.96) and

processed (RR = 1.33, 95 % CI = 1.04–1.69) meat intake

and EC risk (Figs. 3, 4). Statistically significant heteroge-

neity (red meat, I2 = 63.6 %, P \ 0.001; processed meat,

I2 = 61.5 %, P \ 0.001) but no publication bias (red meat:

Egger’s test, P = 0.326 and Begg’s test, P = 0.132; pro-

cessed meat: Egger’s test, P = 0.159 and Begg’s test,

P = 0.345) was detected. The positive association was

observed across most subgroup analyses, including

high-quality studies (red meat: RR = 1.52, 95 %

CI = 1.15–2.02; processed meat: RR = 1.35, 95 %

CI = 1.03–1.78), case–control studies (red meat:

RR = 1.78, 95 % CI = 1.30–2.44; processed meat:

RR = 1.29, 95 % CI = 1.00–1.93), Asia, the United

States, and most of the adjustments. When striated by

histological subtype, a strong association of 86 % incre-

ment was found between high red meat consumption and

ESCC risk (RR = 1.86, 95 % CI = 1.31–2.66) with no

publication bias (Egger’s test, P = 0.415; Begg’s test,

P = 0.621), as well as a 23 % increment between high

processed meat intake and EAC risk (RR = 1.23, 95 %

CI = 1.01–1.50) with no publication bias (Egger’s test,

P = 0.289; Begg’s test, P = 0.186). In subgroup analyses,

increased positive association was also seen in high-quality

studies (RR = 1.93, 95 % CI = 1.23–3.03), cohort studies

(RR = 1.54, 95 % CI = 1.04–2.27), case–control studies

(RR = 2.01, 95 % CI = 1.28–3.16), Asia, Europe, the

United States, and studies adjusted for smoking, alcohol,

and energy for ESCC and red meat. Increased positive

association was observed in population-based case–control

studies for red (RR = 1.42, 95 % CI = 1.02–1.98) and

processed (RR = 1.45, 95 % CI = 1.04–2.03) meat intake

and EAC risk. And in the four US studies, a 28 % incre-

ment was seen among red meat intake and EAC risk

(RR = 1.28, 95 % CI = 1.01–1.62) (Supplementary

Table 5).

Fig. 1 Reference searched and selection of

studies in the meat-analysis
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White Meat, Poultry, Fish, and Esophageal Cancer

A high intake of poultry can weakly decrease the risk of

total EC (RR = 0.83, 95 % CI = 0.72–0.96) as well as the

histological type of ESCC (RR = 0.73, 95 % CI =

0.60–0.89) (Fig. 5). No statistically significant heteroge-

neity (EC, I2 = 34.5 %, P = 0.099; ESCC, I2 = 6.9 %,

P = 0.378) and publication bias (EC: Egger’s test

P = 0.858, Begg’s test P = 0.956; ESCC: Egger’s test

P = 0.285, Begg’s test P = 0.421) was detected. The

combined results were consistent with the overall results

among high-quality studies (RR = 0.56, 95 % CI = 0.40–

0.77), case–control studies (RR = 0.74, 95 % CI = 0.60–

0.91), and all adjustments of BMI, smoking, alcohol, and

energy intake for ESCC, and case–control (RR = 0.76,

95 % CI = 0.63–0.91) studies for total EC but not statis-

tically significant in cohort studies and high-quality studies

for total EC. A 53 % decrement was observed among

poultry intake and ESCC risk in European populations

(RR = 0.47, 95 % CI = 0.31–0.73). Intake of fish was not

associated with EC risk (RR = 0.95, 95 % CI = 0.76–

1.19) with heterogeneity (I2 = 79.2 %, P \ 0.001) but no

publication bias (Egger’s test P = 0.416, Begg’s test

P = 0.368), including both ESCC (RR = 1.08, 95 %

CI = 0.80–1.46) and EAC (RR = 0.81, 95 %

CI = 0.54–1.20). In the four studies of total white meat,

positive association was observed among total EC

(RR = 0.72, 95 % CI = 0.60–0.86) and ESCC (RR =

0.63, 95 % CI = 0.48–0.83) with no publication bias (EC:

Egger’s test P = 0.332, Begg’s test P = 0.624; ESCC:

Egger’s test P = 0.420, Begg’s test P = 0.117). And the

results were consistent in case–control studies (RR = 0.58,

95 % CI = 0.42–0.80) and South American populations

(RR = 0.60, 95 % CI = 0.42–0.84) (Supplementary

Table 5).

Discussion

This is a comprehensive meta-analysis to report an asso-

ciation between meat and fish intake and esophageal cancer

and its histological subtypes. Our findings indicated that

high meat intake is associated with esophageal cancer risk,

and this association varied by meat type and histological

type of EC. High total meat intake is associated with a

96 % increment of EAC based on the six eligible studies.

High red meat intake strongly increased EC risk, especially

ESCC with strong evidence of high-quality studies, cohort

Fig. 2 Estimates (95 % CIs) of total

meat intake (highest vs. lowest

category) and esophageal cancer risk.

Squares indicate study-specific

relative risks (size of the square

reflects the study-specific statistical

weight, i.e., the inverse of the

variance); horizontal lines indicate

95 % confidence intervals; diamonds

indicate summary relative risk

estimate with corresponding 95 %

confidence intervals. M male,

F female, EAC esophageal

adenocarcinoma, ESCC esophageal

squamous cell carcinoma, EGJAC

esophagogastric junction

adenocarcinoma. Dafeng and Ganyu

are the name of two counties in

China
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studies, most subgroup analysis of geographic locations

and adjustments. High processed meat intake is probably

associated with total EC risk, while evidence is not strong

enough in high-quality studies, cohort studies and its his-

tological subtypes. Poultry intake can weakly decrease total

EC and ESCC risk, with strong evidence of ESCC from

high-quality studies and all adjustments. Some positive

association was also seen in the four studies of total white

meat intake and EC risk, consistent with the overall results

of poultry. No positive findings were indicated from the 25

studies of fish, consistent with the general conclusions with

a meta-analysis published in 2012, though some data dif-

fers [22].

The World Cancer Research Fund/American Institute

for Cancer Research consensus report concluded that red

and processed meat as risk factors for esophageal cancer

was ‘‘limited suggestive increased,’’ although there was no

consideration for histologic subtype, largely because of

lack of data. For total meat intake, increased positive

association was seen among studies of EAC but not total

EC and ESCC. Interestingly enough, a decreased associa-

tion was seen among the three cohort studies of high total

meat intake and ESCC risk. The controversial results may

be due to bias caused by the mixture of total meat, indi-

cating that different meat types play different roles in the

incidence of cancer. For red meat intake, a 52 and 93 %

increment was observed in the meta-analysis of total EC

and ESCC, and evidence form high-quality studies, cohort

studies and most other subgroup analyses is consistent with

the overall results. However, positive association of red

meat and EAC risk was seen among the four European

hospital-based case–controls, which was not able to prove

the role of high red meat intake on EAC incidence. For

processed meat, a 33 and 23 % increment was observed for

total EC and EAC, with stronger evidence from high-

quality studies, population-based case–control studies,

American populations and studies adjusted for smoking

and alcohol drinking. Only hospital-based case–control

studies confirmed the results of high processed meat intake

and EAC, which still calls for more evidence of the posi-

tive association. For total white meat, decrement was seen

in the summary RR of total EC as well as ESCC, with

statistically significant results from case–control studies

and South American populations. But only four studies of

1,385 cases were included in this analysis, which is not

strong enough to prove this association. For poultry, a 17

and 27 % decrement was found for total EC and ESCC,

with stronger evidence from high-quality studies, case–

control studies and all adjustments of ESCC, indicating that

high poultry intake may decrease ESCC risk. For fish, no

statically significant association was found in the overall

evidence, with decrement only seen in European studies

and studies adjusted for energy, indicating that fish con-

sumption may not be associated with EC risk.

There are not many studies investigating components of

meat or compounds formed during cooking or processing

of meat in relation to esophageal cancer [12, 54]. It has

been hypothesized that mutagenic HCAs and PAHs from

Fig. 3 Estimates (95 % CIs) of

red meat intake (highest vs.

lowest category) and esophageal

cancer risk. Squares indicate

study-specific relative risks

(size of the square reflects the

study-specific statistical weight,

i.e., the inverse of the variance);

horizontal lines indicate 95 %

confidence intervals; diamonds

indicate summary relative risk

estimate with corresponding

95 % confidence interval.

M male, F female, EAC

esophageal adenocarcinoma,

ESCC esophageal squamous

cell carcinoma
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cooking could contribute to EC risk [8]. However, only one

epidemiological study reported MeIQx and DiMeIQx

caused the highest increased risk of squamous cell carci-

noma and no association for adenocarcinoma of esophagus

[50]. A second possible mechanism for the adverse effect

of red meat is heme iron, which contributes to endogenous

formation of carcinogenic N-nitroso compounds and may

act as a pro-oxidant and catalyze lipid peroxidation causing

DNA damage in tissues [24]. Prospective cohort studies

suggested the association of heme iron intake of squamous

cell carcinoma but not adenocarcinoma of esophagus [1, 8,

53], which can further explain the results of subgroup

Fig. 4 Estimates (95 % CIs) of

processed meat intake (highest

vs. lowest category) and

esophageal cancer risk. Squares

indicate study-specific relative

risks (size of the square reflects

the study-specific statistical

weight, i.e., the inverse of the

variance); horizontal lines

indicate 95 % confidence

intervals; diamonds indicate

summary relative risk estimate

with corresponding 95 %

confidence interval. M male,

F female, EAC esophageal

adenocarcinoma, ESCC

esophageal squamous cell

carcinoma

Fig. 5 Estimates (95 % CIs) of

poultry intake (highest vs.

lowest category) and esophageal

cancer risk. Squares indicate

study-specific relative risks

(size of the square reflects the

study-specific statistical weight,

i.e., the inverse of the variance);

horizontal lines indicate 95 %

confidence intervals; diamonds

indicates summary relative risk

estimates with corresponding

95 % confidence interval.

M male, F female, EAC

esophageal adenocarcinoma,

ESCC esophageal squamous

cell carcinoma
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analysis of different histological types in our findings. In

addition, high temperature during cooking meat may pro-

duce heterocyclic amines and polycyclic aromatic hydro-

carbons, and high levels of saturated fat present in meat

may play a role [47]. The mechanism by which poultry

intake may be associated with a lower EC risk is not well

understood, but may be possibly due to its lower content of

heme iron compared with red meat. Another explanation is

that high poultry eaters often have a healthier overall eating

pattern and lifestyle [17, 60].

There have been published meta-analyses concerning

red and processed meat intake and esophageal cancer risk

[6, 23, 45]. Strengths of our studies include a large size

(1,897,574 participants and 4,379 esophageal cancer cases

from cohort studies, and 8,934 cases and 21,504 controls

from case–control studies). And this is a comprehensive

and high-valued meta-analysis to investigate meat and fish

intake and EC risk, with sufficient data from different meat

type (total meat, red meat, processed meat, white meat,

poultry, and fish) and histological type of EC (ESCC and

EAC). However, our meta-analysis still has several limi-

tations. First, there was a significant heterogeneity in study

results, which could partly be explained by the large size of

study population, and in most analyses of individual kind

of meat and EC type, evidence is statistically significantly

stronger in the case–control studies than in the cohort

studies. Case–control studies, especially hospital-based

ones are more susceptible to bias and may lead to over-

estimation of the association. Second, because of a broad

classification of meat in each component study our findings

were likely to be influenced by the misclassification of

meat, for example, the item ‘‘red/white meat’’ in some

studies may include some processed meat while some just

contain fresh meat. And some studies consider fish as a

kind of meat and were included in total meat while others

do not. Some studies provide results of some specific kinds

of meat. Third, meat in each study may be prepared by a

number of methods, and the method of cooking could be

associated with cancer incidence [47]. Fourth, the intake

quantity in each study varies, including grams/day, times/

week, grams/1,000 kcal, quartiles, quintiles, etc. The

highest and lowest intake varies across studies. The highest

intake in one study may be similar to the median or lowest

in another, which could cause bias to the overall results.

Fifth, the association could be attributed to other factors,

including BMI, smoking, alcohol drinking, total energy

intake, etc., due to inability to fully adjust for various

confounders. Moreover, we failed to evaluate a dose–

response relation because of different methods used to

report meat intake across studies. Thus, the summary

results may be overestimated by the relative risk.

In summary, our analysis indicates that meat consump-

tion is associated with EC risk, and the association depends

on meat type and histological type of this carcinoma. The

incidence of ESCC can be increased by high intake of red

meat and decreased by poultry. High meat intake, espe-

cially processed meat, is likely to increase EAC risk. Fish

intake may not be associated with EC risk. However, well-

designed cohort or intervention studies and mechanism

researches are needed to investigate this issue.

Acknowledgments This work was supported by the Natural Sci-

ence Foundation of China (No. 81272504), Innovation Team [No.

LJ201123 (EH11)], Jiangsu Provincial Science and Technology

Projects [BK2011854 (DA11)], research grants from the Chinese

Society of Clinical Oncology [T-H2010-033 (KA10)], the introduc-

tion of talent of Jiangsu Province Hospital [NA11(2011)], A Project

Funded by the Prority Academic Program Development of Jiangsu

Higher Education Institutions (PAPD) (JX10231801), and grants from

Key Academic Discipline of Jiangsu Province ‘‘Medical Aspects of

Specific Environments’’.

Conflict of interest None.

References

1. Abnet CC, Lai B, Qiao YL, et al. Zinc concentration in esoph-

ageal biopsy specimens measured by x-ray fluorescence and

esophageal cancer risk. J Natl Cancer Inst. 2005;97:301–306.

2. Begg CB, Mazumdar M. Operating characteristics of a rank

correlation test for publication bias. Biometrics. 1994;50:

1088–1101.

3. Bosetti C, La Vecchia C, Talamini R, et al. Food groups and risk

of squamous cell esophageal cancer in northern Italy. Int J

Cancer. 2000;87:289–294.

4. Brown LM, Blot WJ, Schuman SH, et al. Environmental factors

and high risk of esophageal cancer among men in coastal South

Carolina. J Natl Cancer Inst. 1988;80:1620–1625.

5. Chen H, Ward MH, Graubard BI, et al. Dietary patterns and

adenocarcinoma of the esophagus and distal stomach. Am J Clin

Nutr. 2002;75:137–144.

6. Choi Y, Song S, Song Y, Lee JE. Consumption of red and pro-

cessed meat and esophageal cancer risk: meta-analysis. World J

Gastroenterol. 2013;19:1020–1029.

7. Cook-Mozaffari PJ, Azordegan F, Day NE, Ressicaud A, Sabai

C, Aramesh B. Oesophageal cancer studies in the Caspian Lit-

toral of Iran: results of a case–control study. Br J Cancer.

1979;39:293–309.

8. Cross AJ, Freedman ND, Ren J, et al. Meat consumption and risk

of esophageal and gastric cancer in a large prospective study. Am

J Gastroenterol. 2011;106:432–442.

9. Daniel CR, Cross AJ, Graubard BI, Hollenbeck AR, Park Y,

Sinha R. Prospective investigation of poultry and fish intake in

relation to cancer risk. Cancer Prev Res (Phila). 2011;4:

1903–1911.

10. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control

Clin Trials. 1986;7:177–188.

11. De Stefani E, Deneo-Pellegrini H, Boffetta P, Mendilaharsu M.

Meat intake and risk of squamous cell esophageal cancer: a case–

control study in Uruguay. Int J Cancer. 1999;82:33–37.

12. De Stefani E, Deneo-Pellegrini H, Ronco AL, et al. Meat con-

sumption, cooking methods, mutagens, and risk of squamous cell

carcinoma of the esophagus: a case–control study in Uruguay.

Nutr Cancer. 2012;64:294–299.

Dig Dis Sci (2014) 59:664–673 671

123
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