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Abstract
Background The associations between red and processed meat consumption and esophageal cancer risk remain inconclusive. 
We performed a systematic review and meta-analysis to analyze these associations.
Methods We searched PubMed and EMBASE to identify studies published between the databases’ dates of inception and 
May 2019.
Results We ultimately selected 33 eligible studies for analysis. We found that the summary relative risks for the associations 
between meat consumption and esophageal cancer risk were positive for the case–control studies (P < 0.05), but negative 
for the cohort studies included in the analysis (P > 0.05). Subtype analysis indicated that red and processed meat consump-
tion was not associated with the risks of esophageal adenocarcinoma (P > 0.05) and esophageal squamous cell carcinoma 
(P > 0.05) in the cohort studies.
Conclusions We found case–control but not cohort studies to associate consumption of red and processed meat with the risk 
of esophageal cancer. Further large prospective studies are needed to validate these findings.

Keywords Esophageal cancer · Meat · Meta-analysis

Introduction

Esophageal cancer (EC) is one of the most fatal malignan-
cies. GLOBOCAN 2018 has reported 572,034 new cases and 
508,585 deaths of EC occurring worldwide [1]. Eastern Asia 
is one of the regions with a high rate of EC related mortal-
ity [2]. Given the increasing incidence of EC and the high 
mortality rate associated with the disease, novel strategies 
for preventing EC are urgently needed. An increasing num-
ber of studies have recently focused on the dietary factors 
associated with the risk of EC. For example, several studies 
reported that drinking beverages at high temperatures and 
low fruit and vegetable are risk factors for EC [3–5]. Addi-
tionally, fish consumption has been reported to be associated 
with a decreased the risk of EC [6]. The consumption of red 
and processed meat also has been shown to be associated 

with many chronic diseases [7–9]. However, the associa-
tions between red and processed meat consumption and the 
risk of EC remain unclear. Some studies have shown that 
meat consumption is positively associated with EC [10, 11], 
while other studies have found no evidence of an association 
between the two phenomena [12, 13].

Thus, given the large burden imposed by EC worldwide 
and the controversial evidence regarding the risk factors that 
may be associated with the disease, we conducted a system-
atic review and meta-analysis with the following objectives: 
(1) to provide an update regarding the relationship between 
red and processed meat consumption and the risk of EC 
using a larger body of evidence and the results of a quantita-
tive analysis of the eligible data pertaining to the relation-
ship that were published up to May 2019; and (2) to evaluate 
the dose–response associations between red and processed 
meat consumption and EC risk.
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Methods

Selection criteria

The selection criteria were as follows: (1) studies includ-
ing patients whose diseases were diagnosed by endoscopy 
with biopsy; (2) studies including patients whose histolog-
ical features were not consistent with those normally iden-
tified by the gold standard diagnostic test, i.e., endoscopy 
with biopsy; (3) narrative reviews, systematic reviews and 
meta-analyses; letters; commentaries; case reports; edito-
rials; and studies in which only the abstract was obtained, 
were excluded from the analysis; (4) studies regarding the 
consumption of meats that did not specifically cite red or 
processed meat were excluded from the analysis, as were 
studies including patients with Barrett’s esophagus, gastro-
intestinal stromal tumors, precancerous lesions and other 
digestive tract tumors; (5) we limited the language of the 
studies included in the analysis to English and included 
only studies involving humans in the analysis.

Search strategy

We searched PubMed and EMBASE for studies on the 
relationship between red and processed meat consump-
tion and EC risk published between the databases’ dates 
of inception and May 2019. The search terms included: 
“meat/meats”, “beef”, “pork”, “lamb”, “mutton”, “bacon”, 
“ham”, “sausage”, “hot dogs”, “diet/dietary”, “lifestyle/
lifestyles” and “food/foods” in combination with “gastro-
intestinal/aerodigestive/digestive/alimentary/esophageal/
oesophageal/esophagus/oesophagus”. The reference lists 
of the included studies were also searched manually to 
identify additional relevant literature. The two sets of 
keywords were combined individually, and the eligibility 
of each study was judged independently by two authors 
(Zhanwei Zhao and Fei Wang).

Study quality

Study quality was assessed using the Newcastle–Ottawa 
Scale (NOS) [14]. The NOS assesses study quality based 
on three factors: the ability of case–control or cohort 
studies to ascertain the exposure or outcomes of inter-
est, respectively; the selection of the study populations 
and the comparability of the populations. Two researchers 
(Zhanwei Zhao and Fei Wang) independently assessed the 
quality of the studies, and disagreements regarding quality 
were resolved by reaching a consensus with the assistance 
of a third researcher (Chaojun Zhang). The NOS ranges 

from 0 to 9 stars, and studies receiving scores of seven or 
more stars are considered high-quality studies.

Data extraction

A data extraction sheet was generated for each study and 
included information pertaining to the first author, year of 
publication, country, study type, study population, study 
period, method of dietary assessment, dietary exposures 
measured, dietary exposure categories, adjusted relative 
risks (RRs) and 95% confidence intervals (CIs) (highest 
to lowest), adjusted variables and NOS score.

Statistical analysis

The data were collected and analyzed using SPSS 17.0 
(Chicago, IL, USA). RevMan5.3 (The Cochrane Collabo-
ration, Oxford, UK) and STATA version 12.1 (STATA 
Corporation, College Station, TX, USA) software were 
used for the data synthesis and analysis.

Random-effects models were used to pool the summary 
relative risks/odds ratios (RRs/ORs) and 95% CIs. The 
median or mean level of meat intake for each category was 
assigned to each corresponding RR for each study. When 
the corresponding data were not reported, the midpoint 
of the upper and lower boundaries of each category was 
designated the average intake value. When the highest cat-
egory was open-ended, we assumed the open-ended inter-
val to be the same as the adjacent interval. If the lowest 
category was open-ended, we assumed the lowest bound-
ary to be 0.

Heterogeneity between studies was detected using Q (a 
P < 0.1 represented statistically significant heterogeneity) 
and I2 statistics (I2 < 50% was indicative of low hetero-
geneity, and I2 > 50% was indicative of substantial het-
erogeneity) [15]. Subgroup analyses, in which the studies 
were assessed according to their geographic areas, sample 
sizes, publication years, quality scores, questionnaires and 
adjustments (smoking, alcohol, BMI, energy intake, physi-
cal activity and dietary fiber intake), were conducted to 
identify the sources of the heterogeneity between studies. 
Meta-regression analyses were conducted to determine if 
geographic area, sample size, publication year and quality 
score were significant sources of between-study hetero-
geneity (P < 0.1 was indicative of a significant source of 
heterogeneity).

Publication bias was assessed using funnel plots, Begg’s 
test and Egger’s test (P < 0.1 was indicative of significant 
publication bias) [16]. Sensitivity analyses were conducted 
to investigate the influence of a specific study on the pooled 
risk estimate by removing one study in each turn.
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Results

Literature selection, study characteristics 
and quality scores

Thirty-three studies met the criteria for inclusion in the 
analysis and provided 56 separate estimates (red meat = 28, 
processed meat = 24) of the associations between red and 
processed meat consumption and EC risk (Fig. 1). The anal-
ysis included 1,156,150 participants and 11,449 cases. The 
quality scores ranged from 5 to 9 (Table 1).

Red meat

High vs low consumption

Twenty-two case–control studies with 28 estimates were 
included in the analysis and the pooled RR for the rela-
tionship between red meat consumption and EC was 1.44 
(1.20–1.72). Three cohort studies with six estimates were 
included in the analysis, and the pooled RR for the rela-
tionship between red meat consumption and EC was 1.10 
(0.80–1.53) (Fig. 2a). Subtype analyses of case–control 
studies demonstrated that (Fig. 2b) red meat consumption 
was associated with esophageal squamous cell carcinoma 
(ESCC) (RR = 1.74, 95% CI = 1.12–2.69), while analysis 
of cohort studies yielded negative results (RR = 1.43, 95% 

CI = 0.48–4.23). Subtype analysis of case–control studies 
yielded positive results (RR = 1.66, 95% CI = 1.22–2.46), 
while analysis of cohort studies yielded negative results 
(RR = 0.87, 95% CI = 0.60–1.28) regarding the relationship 
between red meat consumption and esophageal adenocarci-
noma (EAC) (Fig. 2c).

Heterogeneity

We noted high heterogeneity (P < 0.01, I2= 68%) between 
the case–control studies, but did not observe significant het-
erogeneity (P = 0.10, I2= 46%) between the cohort studies.

Publication bias

As only three cohort studies were included in the analysis, 
tests for publication or small study bias were not conducted. 
Sensitivity analysis of the included cohort studies showed 
that the changes in the recalculated RRs were not significant, 
as the RRs ranged from 1.46 (0.57–3.73) when Yu 1993 
(12.8%) was excluded from the analysis to 1.28 (0.99–1.65) 
when Keszei 2012 (3.3%) was excluded from the analysis.

Dose–response analysis

Two cohort studies were included in the analysis, and the 
pooled RR for a 100 g/day increase in red meat consump-
tion was 1.16 (0.81–1.67) and was without heterogeneity 
(P = 0.57, I2= 0%). These results demonstrated that red 
meat consumption was non-significantly positively associ-
ated with the risk of EC. Non-linear dose–response analysis 
was not conducted because of the small number of studies 
included in the analysis.

Processed meat

High vs low consumption

Nineteen case–control studies were included in the analy-
sis and the pooled RR for the relationship between pro-
cessed meat consumption and EC was 1.50 (1.22–1.85). 
Three cohort studies with six estimates were included in the 
analysis, and the pooled RR for the relationship between 
processed meat consumption and EC was 1.21 (0.78–1.88) 
(Fig. 3a). Subtype analysis of case–control studies indicated 
that processed meat consumption was positively associated 
with ESCC (RR = 1.54, 95% CI = 1.09–2.16) and that sig-
nificant between-study heterogeneity was present (P < 0.01, 
I2= 67%); however, analysis of two large cohort studies 
indicated that processed meat consumption was negatively 
associated with ESCC (RR = 1.34, 95% CI = 0.61–2.91) 
(Fig.  3b). Subtype analyses of the three cohort studies 
(RR = 1.15, 95% CI = 0.81–1.63) and four case–control 

Fig. 1  Flowchart of the process for the identification of relevant stud-
ies
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studies (RR = 1.138 95% CI = 0.96–1.97) demonstrated that 
processed meat consumption was not associated with EAC 
(Fig. 3c).

Heterogeneity

Significant heterogeneity (P < 0.01, I2= 55%) was present 
between the case–control studies and (P = 0.04, I2= 69%) 
between the cohort studies.

Publication bias

Due to the inclusion of only three cohort studies in the 
analysis, tests for publication or small study bias were not 
conducted. Sensitivity analysis of the included cohort stud-
ies showed that the changes in recalculated RRs were not 
significant, as the RRs ranged from 1.11 (0.89-1.37) when 
Jakszyn 2013 (6.0%) was excluded from the analysis to 1.54 
(0.79-3.01) when Keszei 2012 (7.1%) was excluded from 
the analysis.

Dose–response analysis

Three cohort studies were included in the analysis, and the 
pooled RR for a 50 g/day increase in processed meat con-
sumption was 1.41 (1.10-1.82). No between-study hetero-
geneity (P = 0.42, I2= 0%) was present. However, sensitivity 
analysis demonstrated significant changes in the recalcu-
lated RRs, which ranged from 1.22 (0.86–1.71) when Jak-
szyn 2013 (45.1%) was excluded from the analysis to 1.47 
(1.10–1.96) when Keszei 2012 (13.7%) was excluded from 
the analysis. Non-linear dose–response analysis was not con-
ducted because of the small number of studies included in 
the analysis.

Discussion

Three previous systematic reviews evaluated the associations 
between red and processed meat consumption and esopha-
geal cancer risk, namely, the studies by Salehi et al. [49], Qu 
et al. [50] and Choi et al. [51]. However, some issues were 
not adequately addressed by these analyses, which reported 
different results. First, because case–control studies may 
provide information regarding exposures that was obtained 
after patient cancer diagnose, the results of the studies may 
be affected by inaccurate dietary intake measurements 
and recall bias. Cohort studies are less prone to bias than 
case–control studies. Thus, performing separate estimates 
according to study design is important and necessary for 
evaluating the associations between meat consumption and 
esophageal cancer risk. Second, two subtypes of esophageal 
cancer exist, namely, esophageal squamous cell carcinoma Ta
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Fig. 2  Forest plots of red meat 
consumption (highest vs lowest) 
and esophageal cancer risk. a 
Esophageal cancer; b esopha-
geal squamous cell carcinoma; c 
esophageal adenocarcinoma. M 
men, W women
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Fig. 3  Forest plots of processed-
meat consumption (highest vs 
lowest) and esophageal cancer 
risk. a Esophageal cancer; b 
esophageal squamous cell carci-
noma; c esophageal adenocarci-
noma. M men, W women
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and esophageal adenocarcinoma. Thus, performing separate 
estimates according to subtype is also important and neces-
sary for evaluating the associations between meat consump-
tion and esophageal cancer risk. As mentioned above, there 
were some differences between two reports with respect to 
their results. Salehi et al. [49] found that red meat consump-
tion was associated with a significantly increased risk of 
esophageal squamous cell carcinoma but not esophageal 
adenocarcinoma and that processed meat consumption was 
associated with a significantly increased risk of esophageal 
adenocarcinoma but not esophageal squamous cell carci-
noma. In contrast, Qu et al. [50] found that red and pro-
cessed meat consumption was associated with a significantly 
increased risk of esophageal squamous cell carcinoma; how-
ever, that study did not obtain data regarding esophageal 
adenocarcinoma. Choi et al. [51] did not provide the detailed 
data on subtype of EC. Third, Salehi et al. [49] identified 
relevant studies published up to 2011, Qu et al. [50] identi-
fied relevant studies published up to 2012 and Choi et al. 
[51] identified relevant studies published up to 2012. Many 
high-quality studies regarding the relationship between red 
and processed meat consumption and EC risk have appeared 
during the recent years and an updated meta-analysis of the 
literature may clarify the impact of these recent studies 
on the understanding of the relationship between red and 
processed meat consumption and EC. Thus, to address the 
above questions, we conducted an updated systematic review 
and meta-analysis.

Our analysis yielded detailed evidence indicating that 
increased consumption of red and processed meat increased 
the risk of EC in the case–control studies; however, we noted 
no associations between meat consumption and EC risk in 
the cohort studies. Similarly, subtype analyses of EC showed 
that red or processed meat consumption was negatively 
associated with the risk of EAC and ESCC in the cohort 
studies. Taken together, our detailed findings have clarified 
the associations between consumption of red and processed 
meat and the risk of EC have thus provided us with valuable 
information with which updated dietary recommendations 
can be updated.

Several potential mechanisms may underlie the effects of 
red and processed meat consumption on the risk of EC. First, 
the positive associations observed in the case–control studies 
may be biologically plausible. Cooking red meat is one of 
the major sources of carcinogens such as polycyclic aromatic 
hydrocarbons, heterocyclic amines, nitrate and N-nitroso 
compounds, which are believed to play an important role 
in the development of EC [52]. Second, the high iron intake 
associated with red and processed meat consumption may 
also play a role in the development of EC by causing oxi-
dative damage and facilitating the endogenous formation 
of carcinogenic N-nitroso compounds [13, 53]. Finally, 
bacteriological and virological studies have identified 

mechanisms that explain the associations between red and 
processed meat consumption and the risk of EC to a degree. 
Helicobacter pylori (H. pylori) may be a protective factor 
of EC [54] and human papillomavirus (HPV) infection may 
be associated with an increased risk of EC [55]. However, 
the results of many cohort studies and meta-analyses do not 
support these hypotheses. For example, a European prospec-
tive investigation regarding cancer and nutrition suggested 
that no association exists between increased unprocessed 
red meat consumption and the risk of EAC [48]. Although 
some prospective studies showed that red meat consumption 
is positively associated with gastrointestinal cancer, their 
definitions of red meat also included processed red meat, 
which may have influenced to the above associations [46, 
56, 57]. Additionally, Barrett’s esophagus is considered to 
be the strongest risk factor and only known precursor for 
EAC [58]. However, the results of our previous study did 
not support the idea that positive associations exist between 
high red and processed meat consumption and the risk of 
Barrett’s esophagus [59]. Thus, additional studies are needed 
to verify the existence these associations.

Study strengths and limitations

Our study had several strengths. For example, we performed 
separate analyses according to study design and EC subtype, 
which provided us with more detailed data and increased 
the power of the meta-analysis, thereby strengthening its 
conclusions. Our analysis was based on a significantly large 
sample and a quantitative analysis of eligible data, which 
provided us with sufficient reliable, robust and current evi-
dence regarding the relationship between red and processed 
meat consumption and the risk of EC and increased the sta-
tistical power of the analysis. We broadly and systemati-
cally searched multiple databases for all investigations of the 
relationship between red and processed meat consumption 
and the risk of EC that were published from the databases’ 
dates of inception to May 2019 and identified all the major 
published studies regarding this phenomenon. Study selec-
tion and data extraction were performed independently and 
in duplicate by two investigators, which increased the valid-
ity of the results. Furthermore, we conducted dose–response 
analyses to assess these associations rather than merely per-
forming categorical comparisons.

However, several limitations of the present meta-analysis 
must be taken into consideration.

First, the studies included in the analysis were observa-
tional, and residual confounding and unmeasured factors 
could not be excluded from the study. In particular, most 
of the studies included in the analysis lacked informa-
tion regarding H. pylori infection and gastroesophageal 
reflux. Only two studies [12, 37] examined the role of H. 
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pylori infection in EC development. Thus, the results of 
the analysis should be interpreted with caution due to the 
presence of possible confounders, and future analyses 
should consider studies regarding H. pylori infection and 
gastroesophageal reflux.

Second, our analyses showed that significant heteroge-
neity was present among the studies and that this heteroge-
neity may have been related to the publication year, cases 
numbers, geographic region, exposure measurement meth-
ods, study quality score, meat consumption classifications, 
and other confounders. Heterogeneity was observed mainly 
in the analysis comparing the highest and the lowest levels 
of meat consumption and may be at least partially attribut-
able to differences in the categories of meat consumption 
among the included studies. We used random-effects mod-
els to account for between-study heterogeneity. The ranges 
from the lowest to the highest categories varied, and the 
levels of red and processed meat consumption between the 
lowest and highest categories differed among the included 
studies, which may have resulted in bias and influenced the 
accuracy of the results.

Conclusions

The results of the meta-analysis indicate that the case–con-
trol studies but not the cohort studies associated the con-
sumption of red and processed meat with the risk of EC. 
Additional large prospective studies are needed to validate 
these findings.
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