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Abstract 

Background The association between gastrointestinal cancer and types of meat consumption, including red 
meat, processed meat, or a combination of both, remains disputable. Therefore, we performed a systematic review 
and meta-analysis of prospective cohort studies to estimate the association between meat consumption and gastro-
intestinal cancer risk.

Methods PubMed, EmBase, and the Cochrane library databases were searched systematically for eligible stud-
ies that investigated the relation between meat consumption and the risk of developing gastrointestinal cancers, 
including esophageal cancer (EC), gastric cancer (GC), colorectal cancer (CRC), colon cancer (CC), rectal cancer (RC), 
pancreatic cancer (PC), and hepatocellular carcinoma (HCC) throughout February, 2023. The pooled relative risk (RR) 
with 95% confidence interval (CI) was assigned as an effect estimate and calculated using a random-effects model 
with inverse variance weighting.

Results Forty cohorts comprising 3,780,590 individuals were selected for the final quantitative analysis. The summary 
results indicated that a higher red meat consumption was associated with an increased risk of CRC (RR: 1.09; 95% CI: 
1.02–1.16; P = 0.007) and CC (RR: 1.13; 95% CI: 1.03–1.25; P = 0.011). Moreover, a higher processed meat consumption 
was associated with an increased risk of CRC (RR: 1.19; 95% CI: 1.13–1.26; P < 0.001), CC (RR: 1.24; 95% CI: 1.13–1.26; 
P < 0.001), and RC (RR: 1.24; 95% CI: 1.08–1.42; P = 0.002). Furthermore, a higher total consumption of red and pro-
cessed meat was associated with an increased risk of CRC (RR: 1.13; 95% CI: 1.06–1.20; P < 0.001), CC (RR: 1.17; 95% CI: 
1.04–1.33; P = 0.012), and RC (RR: 1.20; 95% CI: 1.04–1.39; P = 0.016). Finally, the strength of higher consumption of total 
red and processed meat with the risk of GC, and higher consumption of red meat with the risk of RC in subgroup 
of high adjusted level was lower than subgroup of moderate adjusted level, while the strength of higher consump-
tion of processed meat with the risk of RC and HCC in subgroup of follow-up ≥ 10.0 years was higher than subgroup 
of follow-up < 10.0 years.

Conclusions This study found that meat consumption was associated with an increased risk of CRC, CC, and RC, 
and dietary intervention could be considered an effective strategy in preventing CRC.
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Background
Gastrointestinal cancers are the most common and 
aggressive malignant tumors, accounting for 26% of 
cancer incidence and 35% of cancer-related mortality 
worldwide [1]. According to the International Agency for 
Research on Cancer (IARC), mortality caused by gastro-
intestinal cancers accounts for 45% of all cancer-related 
mortality in China [2]. The standard treatment strategies 
for gastrointestinal cancers include surgery, endoscopy, 
chemotherapy, radiotherapy, immunotherapy, and tar-
geted therapy [3, 4]. However, disease prognosis remains 
poor because most patients are diagnosed at an advanced 
stage. Thus, effective preventive strategies should be 
implemented to reduce the risk of gastrointestinal cancer.

Studies have found that several diseases could be 
caused by unhealthy diets, including cancer, and nearly 
930,000 cancer-related mortality were induced by poor 
diet in 2017, especially breast and colorectal cancer 
(CRC) [5, 6]. The IARC classified red meat as a prob-
able carcinogen based on CRC, pancreatic cancer (PC), 
and prostate cancer evidence, while processed meat was 
regarded as carcinogenic to humans based on CRC evi-
dence [7]. Moreover, the World Cancer Research Fund 
and American Institute for Cancer Research suggest that 
red meat consumption should be less than three por-
tions per week [8]. Numerous studies have illustrated the 
relationship between red or processed meat consump-
tion and gastrointestinal cancer [9–12]. However, these 
studies pooled overall cancer outcomes or focused on a 
specific type of gastrointestinal cancer, and did not illus-
trate whether the associations are differing according to 
study or individuals’ characteristics, including country, 
sex, follow-up duration, and adjusted level. Thus, the cur-
rent systematic review and meta-analysis was performed 
to investigate the associations of red and processed meat 
consumption with the risk of gastrointestinal cancer, 
including esophageal cancer (EC), gastric cancer (GC), 
CRC, colon cancer (CC), rectal cancer (RC), PC, and 
hepatocellular carcinoma (HCC). Moreover, the explora-
tory analysis were performed and stratified by country, 
sex, follow-up duration, and adjusted level.

Methods
Data sources, search strategy, and selection criteria
A meta-analysis of observational studies in epidemiology 
protocols was used for this systematic review and meta-
analysis [13]. Prospective cohort studies that assessed the 
association of red and processed meat consumption with 
gastrointestinal cancer risk were included in this study, and 
the publication language and status without restriction. We 
systematically searched the databases of PubMed, EmBase, 
and the Cochrane library from their inception until Febru-
ary, 2023, using the following search strategies in PubMed: 

((“Red Meat“[Medical Subject Heading (MeSH)]) or 
(“Meat Products“[MeSH]) or (“processed meat*“[Title/
Abstract (tiab)]) or (“hot dog*“[tiab]) or (salami[tiab]) or 
(pork[tiab]) or (beef[tiab]) or (veal [tiab]) or (sausage[tiab]) 
or (lamb[tiab]) or (meat*[tiab]) or (bacon[tiab]) or 
(diet*[tiab])) AND ((“Neoplasms“[Mesh]) or (cancer*[tiab]) 
or (Neoplasia*[tiab]) or (Neoplasm[tiab]) or (Tumor*[tiab]) 
or (Tumor *[tiab]) or (Malignan*[tiab]) or (carcinoma[tiab]) 
or (leukemia[tiab]) or (lymphoma[tiab])). The refer-
ence lists of relevant original and review articles were  
manually reviewed to identify new studies that met the 
inclusion criteria.

Two reviewers independently performed the literature 
search and study selection, and conflicts between the 
reviewers were resolved by a third reviewer who read 
the full text of the article. Details of the inclusion criteria 
were as follows: (1) participants: general population; (2) 
exposure: the highest category of red meat (lamb, mut-
ton, beef, hamburger, and pork), processed meat (sausage 
and deli meat), or total red and processed meat con-
sumption; (3) control: the lowest category of red meat, 
processed meat, or total red and processed meat con-
sumption; (4) outcomes: studies that reported at least 
one of the following outcomes: EC, GC, CRC, CC, RC, 
PC, and HCC; and (5) study design: studies with a pro-
spective cohort design. For studies that reported several 
multivariable adjusted effect estimates, we selected the 
effect estimate that was maximally adjusted for potential 
confounders. Moreover, if two or more papers reported 
effect estimates from the same cohort, and the most 
recently and comprehensive data were obtained.

Data collection and quality assessment
The two reviewers independently extracted the follow-
ing information: first authors’ name, study groups’ name, 
publication year, region, sample size, age, sex, exposure 
definition, comparisons, follow-up duration, adjusted 
factors (more than six factors in three parts were con-
sidered high; 1–6 factors in 1–2 parts were considered 
moderate), and reported outcomes. Subsequently, the 
two reviewers independently assessed the quality of 
the included studies using the Newcastle-Ottawa Scale 
(NOS), which contained four items in the selection part, 
one item in the comparability part, and three items in the 
outcome part. The “star system” of NOS ranged from 0 
to 9, and studies with 7–9 stars were considered as high 
quality [14]. Inconsistent results regarding data extrac-
tion and quality assessment were resolved by a third 
reviewer who referred to the original article.

Statistical analysis
The relationship between red meat or processed meat 
consumption and gastrointestinal cancer risk was 
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assigned as relative risk (RR) with its 95% confidence 
interval (CI) in individual studies. The random-effects 
model was used for pooled effect estimates because it 
considers the underlying variation across the included 
studies [15, 16]. Heterogeneity among the included stud-
ies was assessed using I2 and Q statistics, and signifi-
cant heterogeneity was defined as I2 ≥ 50.0% or P < 0.10 
[17, 18]. The robustness of the pooled conclusion was 
assessed using sensitivity analysis through the sequential 
removal of a single study [19]. Subgroup analyses were 
performed to provide exploratory results, which were 
based on country, sex, follow-up duration, and adjusted 
level, and the difference between subgroups were com-
pared using the ratio of RRs (RRR) with 95% CIs [20]. 
Publication bias was assessed using both qualitative 
and quantitative methods, including funnel plots, Egg-
er’s tests, and Begg’s tests [21, 22]. All reported P value 
were two-sided, and the inspection level was 0.05. The 
STATA software (version 14.0; Stata Corporation, Col-
lege Station, TX, USA) was used to perform all statistical 
analyses.

Results
Literature search
An initial electronic search yielded 5,432 articles. Of 
these, 3,791 were retained after duplicate titles were 
removed. After reviewing the titles and abstracts, an 
additional 3,513 articles were excluded. The remaining 
278 articles were retrieved for full-text evaluation, and a 
total of 40 cohorts reported in 69 articles met the inclu-
sion criteria [23–91]. Review of the reference lists did not 
yield any new eligible studies. The details of the litera-
ture search and the study selection process are shown in 
Fig. 1.

Study characteristics
The baseline characteristics of the included studies 
and the participants are presented in Table 1. A total of 
3,780,590 individuals from 40 cohorts were included, 
and the sample size ranged from 1,583 to 512,891. The 
follow-up durations of the included studies ranged from 
4.1 to 24.0 years. Three cohorts included only male indi-
viduals, 11 cohorts included only female individuals, and 
the remaining 26 cohorts included both male and female 
individuals. The NOS was applied to assess the quality 
of the included studies: six cohorts with nine stars, 13 
cohorts with eight stars, 14 cohorts with seven stars, and 
the remaining seven cohorts with six stars.

EC
The numbers of cohorts that reported the associations of 
red meat, processed meat, and total red and processed 
meat consumption with EC risk were 5, 5, and 3 cohorts, 

respectively. The summary results indicated that higher 
consumption of red meat (RR: 1.14; 95% CI: 0.97–1.34; 
P = 0.105), processed meat (RR: 1.11; 95% CI: 0.88–1.41; 
P = 0.375), and total red and processed meat (RR: 1.19; 
95% CI: 0.88–1.61; P = 0.259) were not associated with 
the risk of EC (Fig. 2). Moreover, we noted a significant 
heterogeneity in the relationship between processed 
meat consumption and EC (I2 = 57.3%; P = 0.053). Sensi-
tivity analyses revealed that the pooled conclusions for 
the relationship between red meat, processed meat, and 
total red and processed meat consumption and EC risk 
were robust (Supplementary file 1). The results of the 
subgroup analyses were consistent with those of the over-
all analyses, and the results showed no significant asso-
ciations (Table  2). There was no significant publication 
bias for red (P value for Egger: 0.230; P value for Begg: 
0.806) and processed meat (P value for Egger: 0.540; P 
value for Begg: 0.806) consumption, whereas there was 
a significant publication bias for total red and processed 
meat consumption (P value for Egger: 0.018; P value for 
Begg: 0.296) (Supplementary file 2).

GC
The numbers of cohorts that reported the associations 
of red meat, processed meat, and total red and pro-
cessed meat consumptions with GC risk were 8, 10, and 
5 cohorts, respectively. We noted that higher consump-
tion of red meat (RR: 1.03; 95% CI: 0.92–1.15; P = 0.597), 
processed meat (RR: 1.11; 95% CI: 0.95–1.29; P = 0.188), 
and total red and processed meat (RR: 0.99; 95% CI: 
0.85–1.16; P = 0.918) were not associated with GC risk 
(Fig. 3). There was a significant heterogeneity in the rela-
tionship between processed meat consumption and GC 
(I2 = 52.5%; P = 0.026). Sensitivity analyses indicated that 
the associations between red meat, processed meat, and 
total red and processed meat consumption with GC 
risk were stable, and no significant associations were 
observed (Supplementary file 1). Subgroup analyses indi-
cated no significant association between red meat, pro-
cessed meat, and total red and processed meat with GC 
risk in all subsets (Table  2). No significant publication 
bias was observed for red meat (P value for Egger: 0.095; 
P value for Begg: 0.536), processed meat (P value for 
Egger: 0.395; P value for Begg: 1.000), and total red and 
processed meat consumption (P value for Egger: 0.388; P 
value for Begg: 0.806) (Supplementary file 2).

CRC 
The numbers of cohorts that reported the associations of 
red meat, processed meat, and total red and processed 
meat consumption with CRC risk were 19, 21, and 18, 
respectively. The summary results indicated that higher 
consumption of red meat (RR: 1.09; 95% CI: 1.02–1.16; 
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P = 0.007), processed meat (RR: 1.19; 95% CI: 1.13–1.26; 
P < 0.001), and total red and processed meat (RR: 1.13; 
95% CI: 1.06–1.20; P < 0.001) were associated with an 
increased risk of CRC, and no significant heterogeneity 
was observed across the included studies (Fig.  4). Sen-
sitivity analysis indicated that the pooled conclusions 
regarding the relationship between red meat, processed 
meat, and total red and processed meat consumption 
with GC risk were not altered by the sequential removal 
of a single study (Supplementary file 1). Subgroup anal-
yses revealed that higher red meat consumption was 

associated with an increased risk of CRC when pooled 
studies were conducted in Western countries and stud-
ies with high adjusted levels; higher processed meat con-
sumption was associated with an increased risk of CRC 
in all subgroups, and higher total red and processed meat 
consumption was associated with an increased risk of 
CRC when pooled studies were conducted in Western 
countries, irrespective of follow-up duration and stud-
ies with high adjusted levels (Table 2). There was no sig-
nificant publication bias for red meat (P value for Egger: 
0.302; P value for Begg: 0.726), processed meat (P value 

Fig. 1 The processes of literature search and study selection
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for Egger: 0.305; P value for Begg: 0.928), and total red 
and processed meat consumption (P value for Egger: 
0.511; P value for Begg: 1.000) (Supplementary file 2).

CC
The numbers of cohorts that reported the associations of 
red meat, processed meat, and total red and processed 
meat consumption with the risk of CC were 9, 11, and 
9 cohorts, respectively. We noted that higher consump-
tion of red meat (RR: 1.13; 95% CI: 1.03–1.25; P = 0.011), 
processed meat (RR: 1.24; 95% CI: 1.13–1.36; P < 0.001), 
and total red and processed meat (RR: 1.17; 95% CI: 
1.04–1.33; P = 0.012) were associated with an increased 
risk of CC, and no significant heterogeneity was observed 
across the included studies (Fig.  5). Sensitivity analyses 
indicated that the pooled conclusions for the relation-
ship between red meat and total red and processed meat 
consumption with CC risk were variables with marginal 
95% CI (Supplementary file 1). Subgroup analyses indi-
cated that higher red meat consumption was associated 

with an increased risk of CC when pooled studies were 
conducted in Western countries, follow-up < 10.0 years, 
and studies with high adjusted levels. The relationship 
of processed meat consumption with the risk of CC was 
statistically significant in all subgroups; high total red 
and processed meat consumption was associated with 
an increased risk of CC when pooled studies were con-
ducted in Western countries, male sex, follow-up ≥ 10.0 
years, and studies with high adjusted levels (Table  2). 
We noted no significant publication bias for red meat (P 
value for Egger: 0.602; P value for Begg: 0.602), and total 
red and processed meat consumption (P value for Egger: 
0.879; P value for Begg: 0.602), whereas a significant pub-
lication bias was observed for processed meat consump-
tion (P value for Egger: 0.010; P value for Begg: 0.119) 
(Supplementary file 2).

RC
The numbers of cohorts that reported the associa-
tions of red meat, processed meat, and total red and 

Fig. 2 Association of meat consumption with the risk of esophageal cancer. RR: relative risk; CI: confidence interval
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Table 2 Subgroup analyses for the association between meat consumption and the risk of gastrointestinal cancer

Outcomes Exposure Factors Subgroups RR and 95%CI P value Heterogeneity (%) RRR between subgroups

EC Red meat Country Western 1.10 (0.87–1.40) 0.428 33.4 0.82 (0.53–1.27)a

Eastern 1.34 (0.93–1.93) 0.116 -

Sex Male 1.35 (0.57–3.20) 0.496 75.7 1.23 (0.50–3.03)b

Female 1.10 (0.84–1.45) 0.496 0.0

Follow-up ≥ 10.0 1.10 (0.72–1.68) 0.662 45.8 0.96 (0.59–1.55)c

< 10.0 1.15 (0.91–1.45) 0.252 25.6

Adjusted level High 1.10 (0.87–1.40) 0.428 33.4 0.82 (0.53–1.27)d

Moderate 1.34 (0.93–1.93) 0.116 -

Processed meat Country Western 1.17 (0.89–1.55) 0.262 56.7 1.34 (0.84–2.17)a

Eastern 0.87 (0.59–1.28) 0.476 -

Sex Male 1.44 (0.81–2.58) 0.218 51.3 1.62 (0.80–3.26)b

Female 0.89 (0.60–1.32) 0.563 26.3

Follow-up ≥ 10.0 0.94 (0.60–1.49) 0.798 49.3 0.75 (0.44–1.29)c

< 10.0 1.25 (0.94–1.67) 0.127 60.3

Adjusted level High 1.17 (0.89–1.55) 0.262 56.7 1.34 (0.84–2.17)d

Moderate 0.87 (0.59–1.28) 0.476 -

Total red and processed meat Country Western 1.33 (0.79–2.23) 0.286 63.5 1.28 (0.68–2.40)a

Eastern 1.04 (0.73–1.49) 0.829 -

Sex Male - - - -

Female - - -

Follow-up ≥ 10.0 1.04 (0.73–1.49) 0.829 - 0.78 (0.42–1.47)c

< 10.0 1.33 (0.79–2.23) 0.286 63.5

Adjusted level High 1.33 (0.79–2.23) 0.286 63.5 1.28 (0.68–2.40)d

Moderate 1.04 (0.73–1.49) 0.829 -

GC Red meat Country Western 1.02 (0.86–1.21) 0.805 24.7 1.00 (0.80–1.25)a

Eastern 1.02 (0.88–1.17) 0.818 31.1

Sex Male 1.01 (0.87–1.17) 0.885 0.0 1.12 (0.88–1.43)b

Female 0.90 (0.74–1.09) 0.268 0.0

Follow-up ≥ 10.0 1.01 (0.91–1.12) 0.869 0.0 0.97 (0.72–1.32)c

< 10.0 1.04 (0.78–1.38) 0.792 55.7

Adjusted level High 0.98 (0.88–1.10) 0.758 12.2 0.84 (0.64–1.12)d

Moderate 1.16 (0.90–1.50) 0.250 31.6

Processed meat Country Western 1.11 (0.94–1.33) 0.221 42.4 1.12 (0.90–1.40)a

Eastern 0.99 (0.86–1.13) 0.871 14.0

Sex Male 1.02 (0.88–1.18) 0.774 0.0 0.89 (0.62–1.27)b

Female 1.15 (0.83–1.59) 0.404 62.1

Follow-up ≥ 10.0 1.08 (0.94–1.25) 0.276 35.3 1.03 (0.74–1.42)c

< 10.0 1.05 (0.78–1.40) 0.759 61.0

Adjusted level High 1.07 (0.92–1.24) 0.382 50.4 0.97 (0.72–1.31)d

Moderate 1.10 (0.85–1.42) 0.479 20.9

Total red and processed meat Country Western 0.97 (0.76–1.24) 0.804 8.6 0.98 (0.72–1.34)a

Eastern 0.99 (0.81–1.20) 0.896 45.6

Sex Male 0.96 (0.82–1.13) 0.618 - 1.17 (0.88–1.55)b

Female 0.82 (0.65–1.03) 0.091 -

Follow-up ≥ 10.0 0.98 (0.78–1.23) 0.873 61.9 0.99 (0.72–1.35)c

< 10.0 0.99 (0.80–1.23) 0.927 0.0
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Table 2 (continued)

Outcomes Exposure Factors Subgroups RR and 95%CI P value Heterogeneity (%) RRR between subgroups

Adjusted level High 0.93 (0.83–1.04) 0.221 0.0 0.68 (0.46-1.00)d

Moderate 1.37 (0.94–1.99) 0.100 -

CRC Red meat Country Western 1.12 (1.04–1.19) 0.001 20.4 1.11 (0.98–1.26)a

Eastern 1.01 (0.91–1.13) 0.830 0.0

Sex Male 0.97 (0.80–1.18) 0.789 0.0 0.92 (0.75–1.14)b

Female 1.05 (0.96–1.15) 0.298 0.0

Follow-up ≥ 10.0 1.06 (0.98–1.15) 0.131 0.0 0.96 (0.84–1.11)c

< 10.0 1.10 (0.98–1.23) 0.092 54.4

Adjusted level High 1.08 (1.01–1.15) 0.020 28.0 0.86 (0.68–1.10)d

Moderate 1.25 (0.99–1.59) 0.058 0.0

Processed meat Country Western 1.20 (1.13–1.29) < 0.001 19.6 1.02 (0.89–1.16)a

Eastern 1.18 (1.06–1.32) 0.003 0.0

Sex Male 1.27 (1.08–1.50) 0.005 23.8 1.11 (0.91–1.36)b

Female 1.14 (1.02–1.28) 0.023 0.0

Follow-up ≥ 10.0 1.21 (1.12–1.32) < 0.001 0.0 1.03 (0.91–1.05)c

< 10.0 1.18 (1.09–1.29) < 0.001 25.7

Adjusted level High 1.18 (1.12–1.24) < 0.001 0.0 0.91 (0.71–1.16)d

Moderate 1.30 (1.03–1.66) 0.030 43.0

Total red and processed meat Country Western 1.15 (1.07–1.23) < 0.001 1.5 1.11 (0.95–1.28)a

Eastern 1.04 (0.91–1.18) 0.574 0.0

Sex Male 1.21 (0.98–1.49) 0.070 0.0 1.09 (0.85–1.40)b

Female 1.11 (0.97–1.26) 0.128 15.4

Follow-up ≥ 10.0 1.20 (1.05–1.37) 0.007 0.0 1.08 (0.92–1.27)c

< 10.0 1.11 (1.02–1.22) 0.016 23.3

Adjusted level High 1.13 (1.05–1.21) 0.001 10.9 0.97 (0.76–1.23)d

Moderate 1.17 (0.92–1.47) 0.195 0.0

CC Red meat Country Western 1.18 (1.03–1.35) 0.015 7.2 1.10 (0.91–1.34)a

Eastern 1.07 (0.93–1.24) 0.346 0.0

Sex Male 1.05 (0.78–1.41) 0.747 - 1.02 (0.73–1.42)b

Female 1.03 (0.89–1.19) 0.675 0.0

Follow-up ≥ 10.0 1.05 (0.92–1.20) 0.443 0.0 0.85 (0.71–1.03)c

< 10.0 1.23 (1.08–1.42) 0.003 0.0

Adjusted level High 1.14 (1.02–1.27) 0.021 13.0 1.07 (0.75–1.52)d

Moderate 1.07 (0.76–1.50) 0.708 0.0

Processed meat Country Western 1.24 (1.12–1.38) < 0.001 0.0 0.99 (0.80–1.23)a

Eastern 1.25 (1.03–1.50) 0.022 0.0

Sex Male 1.24 (1.04–1.49) 0.018 0.0 0.99 (0.78–1.26)b

Female 1.25 (1.06–1.47) 0.007 0.0

Follow-up ≥ 10.0 1.25 (1.09–1.44) 0.002 0.0 1.01 (0.84–1.22)c

< 10.0 1.24 (1.09–1.40) 0.001 0.0

Adjusted level High 1.22 (1.11–1.35) < 0.001 0.0 0.87 (0.64–1.17)d

Moderate 1.41 (1.06–1.88) 0.019 0.0
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Table 2 (continued)

Outcomes Exposure Factors Subgroups RR and 95%CI P value Heterogeneity (%) RRR between subgroups

Total red and processed meat Country Western 1.24 (1.10–1.41) 0.001 0.0 1.06 (0.79–1.42)a

Eastern 1.17 (0.90–1.52) 0.239 62.3

Sex Male 1.28 (1.02–1.61) 0.032 0.0 1.12 (0.84–1.51)b

Female 1.14 (0.95–1.38) 0.158 4.1

Follow-up ≥ 10.0 1.26 (1.05–1.51) 0.014 0.0 1.10 (0.85–1.40)c

< 10.0 1.15 (0.97–1.36) 0.115 50.1

Adjusted level High 1.19 (1.04–1.35) 0.012 40.0 1.07 (0.67–1.71)d

Moderate 1.11 (0.71–1.74) 0.635 0.0

RC Red meat Country Western 1.33 (1.03–1.72) 0.029 44.5 1.41 (0.95–2.11)a

Eastern 0.94 (0.69–1.27) 0.678 22.4

Sex Male 1.21 (0.67–2.18) 0.527 - 1.07 (0.54–2.13)b

Female 1.13 (0.79–1.61) 0.518 59.8

Follow-up ≥ 10.0 1.23 (0.94–1.60) 0.134 35.6 1.07 (0.68–1.69)c

< 10.0 1.15 (0.79–1.66) 0.467 58.8

Adjusted level High 1.10 (0.91–1.33) 0.332 32.4 0.50 (0.28–0.91)d

Moderate 2.18 (1.25–3.81) 0.006 0.0

Processed meat Country Western 1.29 (1.07–1.56) 0.007 19.9 1.13 (0.84–1.53)a

Eastern 1.14 (0.90–1.44) 0.277 0.0

Sex Male 1.03 (0.79–1.36) 0.824 0.0 0.94 (0.65–1.38)b

Female 1.09 (0.84–1.43) 0.515 6.5

Follow-up ≥ 10.0 1.09 (0.91–1.31) 0.345 0.0 0.77 (0.60-1.00)c

< 10.0 1.41 (1.17–1.69) < 0.001 0.0

Adjusted level High 1.20 (1.05–1.37) 0.007 0.0 0.63 (0.38–1.06)d

Moderate 1.90 (1.15–3.13) 0.012 0.0

Total red and processed meat Country Western 1.32 (1.11–1.57) 0.002 0.0 1.26 (0.98–1.61)a

Eastern 1.05 (0.88–1.26) 0.587 0.0

Sex Male 0.93 (0.58–1.49) 0.763 - 0.84 (0.48–1.46)b

Female 1.11 (0.83–1.49) 0.478 0.0

Follow-up ≥ 10.0 1.09 (0.85–1.39) 0.507 0.0 0.85 (0.61–1.18)c

< 10.0 1.28 (1.03–1.60) 0.025 44.9

Adjusted level High 1.19 (1.03–1.37) 0.021 14.3 0.65 (0.21-2.00)d

Moderate 1.82 (0.60–5.52) 0.290 -

PC Red meat Country Western 1.03 (0.87–1.21) 0.764 55.0 1.91 (0.87–4.18)a

Eastern 0.54 (0.25–1.16) 0.116 -

Sex Male 0.89 (0.70–1.14) 0.360 0.0 0.82 (0.58–1.15)b

Female 1.09 (0.86–1.38) 0.494 33.3

Follow-up ≥ 10.0 0.94 (0.61–1.44) 0.777 63.6 0.91 (0.57–1.45)c

< 10.0 1.03 (0.86–1.23) 0.779 55.2

Adjusted level High 1.03 (0.86–1.22) 0.770 59.5 1.37 (0.73–2.58)d

Moderate 0.75 (0.41–1.38) 0.357 27.4

Processed meat Country Western 0.99 (0.83–1.18) 0.925 68.7 0.85 (0.43–1.68)a

Eastern 1.16 (0.60–2.23) 0.657 -
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processed meat consumption with the risk of RC 
were 9, 11, and 8 cohorts, respectively. We noted that 
higher consumption of processed meat (RR: 1.24; 95% 

CI:–1.08–1.42; P = 0.002) and total red and processed 
meat (RR: 1.20; 95% CI: 1.04–1.39; P = 0.016) were 
associated with an increased risk of RC, while red 

Table 2 (continued)

Outcomes Exposure Factors Subgroups RR and 95%CI P value Heterogeneity (%) RRR between subgroups

Sex Male 0.99 (0.76–1.30) 0.953 59.2 1.09 (0.78–1.51)b

Female 0.91 (0.75–1.09) 0.293 28.5

Follow-up ≥ 10.0 0.88 (0.71–1.10) 0.275 0.0 0.84 (0.62–1.13)c

< 10.0 1.05 (0.86–1.29) 0.639 74.1

Adjusted level High 0.99 (0.83–1.17) 0.870 68.2 0.98 (0.46–2.09)d

Moderate 1.01 (0.48–2.10) 0.984 69.5

Total red and processed meat Country Western 1.04 (0.87–1.24) 0.699 43.4 0.80 (0.62–1.03)a

Eastern 1.30 (1.09–1.56) 0.004 -

Sex Male 0.86 (0.65–1.14) 0.287 0.0 0.96 (0.65–1.40)b

Female 0.90 (0.70–1.17) 0.439 0.0

Follow-up ≥ 10.0 1.06 (0.72–1.56) 0.761 0.0 0.97 (0.64–1.49)c

< 10.0 1.09 (0.91–1.30) 0.363 59.3

Adjusted level High 1.08 (0.93–1.27) 0.305 48.3 -

Moderate - - -

HCC Red meat Country Western 1.04 (0.99–1.09) 0.103 0.0 0.90 (0.68–1.19)a

Eastern 1.16 (0.88–1.53) 0.299 -

Sex Male 1.02 (0.97–1.08) 0.442 0.0 0.92 (0.81–1.04)b

Female 1.11 (1.00-1.24) 0.055 0.0

Follow-up ≥ 10.0 1.13 (0.89–1.43) 0.315 0.0 1.09 (0.85–1.38)c

< 10.0 1.04 (0.99–1.09) 0.106 0.0

Adjusted level High 1.04 (1.00-1.09) 0.075 0.0 -

Moderate - - -

Processed meat Country Western 0.97 (0.85–1.10) 0.647 50.0 0.84 (0.63–1.13)a

Eastern 1.15 (0.89–1.49) 0.288 -

Sex Male 1.37 (0.54–3.46) 0.502 86.1 1.32 (0.49–3.53)b

Female 1.04 (0.74–1.44) 0.837 37.7

Follow-up ≥ 10.0 1.43 (0.96–2.13) 0.081 47.2 1.55 (1.04–2.32)c

< 10.0 0.92 (0.87–0.97) 0.002 0.0

Adjusted level High 1.00 (0.88–1.13) 0.979 52.3 -

Moderate - - -

Total red and processed meat Country Western 0.94 (0.67–1.32) 0.724 20.9 0.74 (0.48–1.15)a

Eastern 1.27 (0.96–1.68) 0.094 -

Sex Male 1.69 (0.74–3.87) 0.214 - 1.71 (0.58–5.06)b

Female 0.99 (0.49-2.00) 0.978 -

Follow-up ≥ 10.0 1.26 (0.99–1.62) 0.065 0.0 1.54 (0.96–2.45)c

< 10.0 0.82 (0.55–1.22) 0.324 23.2

Adjusted level High 1.05 (0.80–1.39) 0.709 34.1 -

Moderate - - -

*acompared Western countries with Eastern countries; bcompared male with female; ccompared follow-up ≥ 10.0 years with follow-up < 10.0 years; dcompared high 
adjusted level with moderate adjusted level
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meat consumption was not associated with the risk of 
RC (RR: 1.19; 95% CI: 0.95–1.49; P = 0.124). Moreo-
ver, we noted significant heterogeneity in the relation-
ship between red meat consumption and RC among 
the included studies (I2 = 49.6%; P = 0.044) (Fig. 6). Sen-
sitivity analyses indicated that the pooled conclusions 
for the relationship between red meat and total red and 
processed meat consumption and the risk of RC were 
variable (Supplementary File 1). Subgroup analyses 
revealed that higher consumption of red meat intake 
was associated with an increased risk of RC when 
pooled studies were conducted in Western countries, 
and pooled studies with moderately adjusted levels, 
and the strength of relation in the subgroups of stud-
ies with higher adjusted levels was significantly lower 
than those of studies with moderate adjusted levels 
(RRR: 0.50; 95% CI: 0.28–0.91). Furthermore, higher 
processed meat consumption was associated with an 
increased risk of RC when pooled studies were con-
ducted in Western countries, follow-up duration < 10.0 
years, and irrespective of the adjusted level, while the 
strength of the relationship in the subgroup with longer 
follow-up duration was significantly lower than that in 
the subgroup with shorter follow-up duration (RRR: 
0.77; 95% CI: 0.60–1.00) (Table 2). There was no signifi-
cant publication bias for red meat (P value for Egger: 
0.258; P value for Begg: 0.251), processed meat (P value 
for Egger: 0.657; P value for Begg: 0.640), and total red 
and processed meat consumption (P value for Egger: 
0.208; P value for Begg: 0.174) (Supplementary file 2).

PC
The numbers of cohorts that reported the associations 
of red meat, processed meat, and total red and pro-
cessed meat consumption with PC risk were 10, 12, and 8 
cohorts, respectively. The summary results indicated that 
higher consumption of red meat (RR: 1.01; 95% CI: 0.84–
1.22; P = 0.908), processed meat (RR: 1.03; 95% CI: 0.85–
1.24; P = 0.761), and total red and processed meat (RR: 
1.11; 95% CI: 0.94–1.31; P = 0.226) were not associated 
with PC risk, and significant heterogeneity was observed 
for red meat (I2 = 62.5%; P = 0.004), processed meat 
(I2 = 70.7%; P < 0.001), and total red and processed meat 
consumption (I2 = 54.9%; P = 0.030) (Fig.  7). Sensitivity 
analysis indicated that higher total red and processed 
meat consumption were associated with an increased 
risk of PC after removing the CPS II cohort [42, 43] (Sup-
plementary file 1). Subgroup analyses revealed that total 
red and processed meat consumption were associated 
with an increased risk of PC when pooled studies were 
conducted in Eastern countries (Table 2). No significant 
publication bias for red meat (P value for Egger: 0.365; 
P value for Begg: 1.000), processed meat (P value for 

Egger: 0.458; P value for Begg: 0.945), and total red and 
processed meat consumption (P value for Egger: 0.928;  
P value for Begg: 0.902) was observed (Supplementary 
file 2).

HCC
The numbers of cohorts that reported the associa-
tions of red meat, processed meat, and total red and 
processed meat consumption with HCC risk were 6, 6, 
and 5 cohorts, respectively. Red meat (RR: 1.05; 95% 
CI: 1.00–1.10; P = 0.063), processed meat (RR: 1.08; 
95% CI: 0.87–1.34; P = 0.489), and total red and pro-
cessed meat consumption (RR: 1.05; 95% CI: 0.80–
1.39; P = 0.709) were not associated with HCC risk, 
and significant heterogeneity was observed for the 
relationship between processed meat consumption and 
HCC (I2 = 58.6%; P = 0.034) (Fig. 8). Sensitivity analysis 
indicated that higher red meat consumption was asso-
ciated with an increased risk of HCC after removing 
the NHS cohort [35] (Supplementary file 1). Subgroup 
analyses revealed that processed meat consumption 
was associated with a reduced risk of HCC when the 
follow-up duration was < 10.0 years, and the strength 
for the subgroup of follow-up ≥ 10.0 years was greater 
than that of the follow-up < 10.0 years subgroup (RRR: 
1.55; 95% CI: 1.04–2.32). There was no significant 
publication bias for red meat (P value for Egger: 0.170; 
P value for Begg: 1.000), processed meat (P value for 
Egger: 0.133; P value for Begg: 0.260), and total red and 
processed meat consumption (P value for Egger: 0.649; 
P value for Begg: 1.000) (Supplementary file 2).

Discussion
This systematic review and meta-analysis identified 40 
cohorts and involved a total of 3,780,590 individuals 
with a wide range of characteristics. This study found 
that higher consumption of processed meat and total 
red and processed meat was associated with the risk of 
developing CRC, CC, and RC, while red meat was associ-
ated with an increased risk of developing CRC and CC. 
However, meat intake was not associated with the risk of 
EC, GC, PC, or HCC. Sensitivity analysis indicated that 
higher total red and processed meat consumption might 
increase risk of PC, and higher red meat consumption 
might cause an additional risk of HCC. Subgroup analy-
ses revealed that the strength of higher consumption of 
total red and processed meat with the risk of GC in sub-
group of high adjusted level was lower than subgroup of 
moderate adjusted level. Moreover, the strength of higher 
consumption of red meat with the risk of RC in subgroup 
of high adjusted level was lower than subgroup of moder-
ate adjusted level, while the strength of higher consump-
tion of processed meat with the risk of RC in subgroup 
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of follow-up ≥ 10.0 years was lower than subgroup of 
follow-up < 10.0 years. Finally, the strength of higher 
consumption of processed meat with the risk of HCC in 
subgroup of follow-up ≥ 10.0 years was higher than sub-
group of follow-up < 10.0 years.

Several systematic reviews and meta-analyses have 
illustrated the association between meat consump-
tion and the risk of gastrointestinal cancer [9–12]. Yu 
et  al. identified 17 observational studies and found that 
higher processed meat consumption was associated with 
an increased risk of HCC, while the risk of HCC was 
reduced in individuals who consumed higher amounts of 
white meat and fish [9]. Farvid et al. identified 148 stud-
ies and found that higher red meat consumption was 
associated with an increased risk of CRC, CC, RC, and 
HCC, while processed meat consumption was associated 

with an increased risk of CRC, CC, and RC. Moreo-
ver, they pointed out that total red and processed meat 
consumption were associated with an increased risk of 
CRC, CC, and RC [10]. Händel et  al. identified 29 pro-
spective cohort studies and found that high versus low 
processed meat consumption was associated with an 
increased risk of CRC, CC, and RC, and dose-response 
analysis reported similar outcomes [11]. Han et al. iden-
tified 56 cohorts and suggested that the absolute effects 
of red and processed meat consumption on cancer inci-
dence are small, whereas reduction of processed meat is 
associated with a reduced risk of EC and CRC [12]. The 
current updated systematic review and meta-analysis 
was performed to assess the strength of the relationship 
between meat consumption and gastrointestinal cancer 
risk. Moreover, an exploratory analysis were performed 

Fig. 3 Association of meat consumption with the risk of gastric cancer. RR: relative risk; CI: confidence interval
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Fig. 4 Association of meat consumption with the risk of colorectal cancer. RR: relative risk; CI: confidence interval
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according to the study or individual characteristics, 
including country, sex, follow-up duration, and adjusted 
level.

The summary of our results indicated higher red meat, 
processed meat, and total red and processed meat did 
not affect the risk of EC, which was inconsistent with 
prior meta-analysis [92]. Previous studies reported that 
red and processed meat consumption were associated 
with an increased risk of EC [92], and explained this by 
the high amounts of heme iron and N-glycolylneuraminic 
acid contained in red meat, which could catalyze lipid 
peroxidation and DNA damage, and potentially immuno-
genic molecules could induce tumors [93–95]. Moreover, 

processed meat contains high amounts of saturated fats, 
which play an important role in the risk of upper diges-
tive and respiratory tract neoplasms [96, 97]. The incon-
sistent results between our study and prior meta-analyses 
could be explained by a prior study based on both pro-
spective and retrospective observational studies, and the 
conclusion might be overestimated. Furthermore, the 
small number of studies in our study could explained an 
insignificant association of red and processed meat con-
sumption with the risk of EC.

Our study indicated that meat intake was not associ-
ated with GC risk, and the conclusions were not affected 
by sensitivity and subgroup analyses. However, a prior 

Fig. 5 Association of meat consumption with the risk of colon cancer. RR: relative risk; CI: confidence interval
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meta-analysis suggested that red or processed meat 
consumption was associated with an increased risk 
of GC, whereas white meat could protect against GC 
risk [98]. Similar reasons to those for EC could explain 
these results. Moreover, DNA damage or oxidative stress 
caused by iron are important for the growth of H. pylori, 
which plays an important role in GC risk [99, 100]. Fur-
thermore, the cooking method might play an important 
role in GC risk, including heterocyclic amines, polycy-
clic aromatic hydrocarbons, and salts [101, 102]. The 
conflicting results between the current study and prior 

studies could be explained by the fact that most of the 
included studies were case-control studies, and the cau-
sality relationship between meat consumption and GC 
was restricted.

Our study found that meat consumption plays an 
important role in the risk of CRC, CC, and RC, which is 
consistent with prior meta-analysis [11]. There were var-
ies molecular pathways contributed the carcinogenesis 
across the regions of colon and rectum. The microsatel-
lite instability, a CpG island methylator phenotype, and 
KRAS mutations were more evident for proximal colon 

Fig. 6 Association of meat consumption with the risk of rectal cancer. RR: relative risk; CI: confidence interval
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cancers than rectal and distal colon tumors, whereas 
TP53 and APC mutations were more evident for rec-
tal and distal colon tumors [103]. Moreover, heme iron 
could mediate the formation of intestinal carcinogenic 
compounds [95], and the progression of CRC could be 
affected by a specific bovine infectious factor [104]. Fur-
thermore, chemical carcinogens, including heterocyclic 
amines and polycyclic aromatic hydrocarbons, play an 
important role in the risk of CRC. In addition, subgroup 
analyses revealed that the most significant associations 
were observed in Western countries, longer follow-up 

duration, and studies with moderately adjusted lev-
els, which could be explained by the dietary structure 
between Western and Eastern countries; longer follow-
up could result in a greater number of new cancers, 
and the power was stronger; and only a smaller number 
of included studies reported studies with moderately 
adjusted levels, and the pooled conclusion was not stable.

No significant association between meat consumption 
and PC risk was observed, which was not consistent with 
a previous meta-analysis that suggested that processed 
meat consumption was associated with an increased 

Fig. 7 Association of meat consumption with the risk of pancreatic cancer. RR: relative risk; CI: confidence interval
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risk of PC, and red meat consumption was associated 
with an increased risk of PC in men but not in women 
[105]. They explained these results through N-nitroso 
compounds that could reach the pancreas via the blood-
stream and act as potential carcinogens [106]. Subgroup 
analyses indicated that total red and processed meat con-
sumption were associated with an increased risk of PC 
if pooled studies were conducted in Eastern countries, 
which could be explained by cooking methods for red 
meat and a smaller number of studies in this subgroup.

Higher meat consumption was not associated with the 
risk of HCC, irrespective of whether it is red, processed, 
or total red and processed meat, which is consistent with 
prior meta-analysis [107]. However, the association of 
red meat consumption with the risk of HCC was not sta-
bility, and red meat consumption was associated with an 
increased risk of HCC. The potential mechanism could 
be high levels of cholesterol and saturated fat in red meat 
is significantly related to the progression of cancer. More-
over, subgroup analyses revealed that processed meat 
was associated with a reduced risk of HCC when the 

follow-up duration was < 10.0 years. These results could 
be explained by the fact that HCC progression is sig-
nificantly related to socioeconomic status, which could 
affect meat consumption [108, 109]. Other influencing 
factors included selection bias, random errors, and vari-
ous adjusted levels.

Some limitations of this study should be acknowl-
edged. First, the meat consumption definition was 
assessed using various methods, which could affect the 
actual acceptable daily consumption and the effect esti-
mates for gastrointestinal cancer; (2) the heterogeneity 
across included studies was not fully explained by using 
sensitivity and subgroup analyses; (3) adjusted factors 
among included studies were different, which could 
affect the effect estimate for the relationship between 
meat consumption and gastrointestinal cancer risk; (4) 
the ratio between subgroups was calculated based on 
indirect comparisons, and the results needed further 
direct comparison; and (5) the analysis based on pooled 
data and individual data were not available, which 
restricted detailed analyses.

Fig. 8 Association of meat consumption with the risk of hepatocellular carcinoma. RR: relative risk; CI: confidence interval
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Conclusions
Our study found that higher meat consumption was 
associated with an increased risk of CRC, CC, and RC 
irrespective of whether it was red, processed, or total 
red and processed meat that was consumed. Moreover, 
the strength of the relationship between meat consump-
tion and gastrointestinal cancer risk could be affected 
by follow-up duration and adjusted level. Further large-
scale prospective studies should be performed to assess 
the potential effects of dietary interventions on the risk of 
gastrointestinal cancers.
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