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Abstract 

Purpose  A meta-analysis study was performed to systematically assess the association between tea consumption 
and CRC risk.

Methods  Cochrane Library, Embase, PubMed, and Web of Science were retrieved to collect articles in English 
since 24 July 2023. Databases were searched and evaluated by two reviewers independently.We screened the litera-
ture based on inclusion and exclusion criteria. After determining the random effect model or fixed utility model based 
on a heterogeneity test, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.

Results  We included fourteen articles in this meta-analysis. We analyzed the data using a random effect model 
to explore the association between tea consumption and CRC because of apparent heterogeneity (P < 0.001, 
I2 = 99.5%). The combined results of all tests showed that there is no statistically significant association between tea 
consumption and CRC risk (OR = 0.756, 95%CI = 0.470–1.215, P = 0.247). Subsequently, subgroup analysis and sensi-
tivity analysis were performed. Excluding any single study, the overall results ranged from 0.73 (95%CI = 0.44–1.20) 
to 0.86 (95%CI = 0.53–1.40). It was determined that there was no significant publication bias between tea consump-
tion and CRC risk (P = 0.064) by Egger’s tests.

Conclusions  The results indicated that tea consumption may not be significantly associated with the development 
of CRC.

Implications of key findings  Tea reduces colon cancer risk by 24%, but the estimate is uncertain. The actual effect 
on risk can range from a reduction of 51% to an increase of 18%, but regional and population differences may cause 
differences.
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Introduction
Colorectal cancer (CRC) is one of the most common 
malignant tumors of the digestive system [1]. CRC has 
been lately reported as the third most common can-
cer in the world, but it is the second most common 
cause of death [2]. Despite noticeable improvement 
being achieved in the survival of CRC patients through 
improvements in surgical, oncological treatment, plan-
ning, and follow-up, its global incidence has been 
increasing in recent years [3]. Many therapeutic options 
against CRC have been developed, but the five-year sur-
vival rate of patients with metastatic CRC is dismal as 
low as 12% as compared to 64% for CRC in general [1]. 
CRC has become an increasingly serious global health 
issue and it is essential to prevent the occurrence of CRC 
as early as possible.

Studies around the world have shown that risk factors 
for CRC including inflammatory bowel diseases, first-
degree relatives with CRC, obesity, lack of physical activ-
ity and obesity, smoking, red meat consumption, and low 
intake of fruits and vegetables [4]. Dietary factors play a 
key role in CRC carcinogenesis, according to epidemio-
logical studies [5], which has been considered an impor-
tant strategy for CRC prevention [6].

Tea is a favorable beverage throughout the world, and 
is recognized as a chemical preventive agent for some 
diseases. Many studies have been carried out to explore 
the association between tea consumption and CRC, and 
evidences have shown that tea may contain some pro-
tective ingredients against CRC [7–9]. It has been found 
that, tea polyphenols, one of the most abundant compo-
nents in tea, can inhibit tumor development by promot-
ing tumor cells apoptosis, inhibiting proliferation and 
angiogenesis via regulating some signaling pathways such 
as Ras-MAPK [10]. Despite this, the findings remain 
controversial. The results of some studies have also indi-
cated that consumption of tea is not associated with a 
decreased risk of CRC [11, 12].

Over the past few decades, numerous studies have 
evaluated the association between tea consumption and 
CRC morbidity and mortality, however the conclusion is 
inconsistent and no consensus has been reached. There-
fore, in the present study, we conducted a population-
based meta-analysis to assess the association between tea 
consumption and CRC.

Materials and methods
Literature retrieval
Four major literature databases (Cochrane Library, 
Embase, PubMed, and Web of Science) were searched 
to retrieve English articles published since 24 July 2023. 
Retrieval imposed restrictions on the document types. 
Detailed information on each was provided below. The 

terms "Colorectal cancer" and "Tea" were used as subject 
terms. "Colorectal Neoplasm", “Black Tea”, “Black Teas”, 
“Green Tea”, “Green Teas”, and “Tea consumption” etc. 
were used as free words. To improve the retrieval results, 
we combined the subject word with a free word. Refer-
ence lists from the identified publications were reviewed 
to identify additional research articles. To prevent 
research from being missed, the references in the studies 
retrieved from the online databases and previously pub-
lished systematic reviews were also manually searched 
to further identify relevant studies. Detailed literature 
retrieval processes in the PubMed database were listed in 
Table 1.

Study selection
Literatures were selected for meta-analysis when met the 
following criteria: (1) The association between tea con-
sumption and colorectal cancer was examined in a cohort 
of individuals who were in good health, and the diagnosis 
of colorectal cancer was determined based on the crite-
ria outlined in the AJCC 8th edition diagnostic guidelines 
for this particular type of cancer; (2) case–control stud-
ies, cohort studies, and a randomized controlled trial; (3) 
assessed the association between tea consumption and 
CRC risk; (4) provided the number of participants; and 
(5) The risk estimates were reported with correspond-
ing 95% confidence intervals (95% CIs). Meanwhile, 
studies were excluded with one or more of the following 
criteria: (1) review articles; (2) animal trials; (3) confer-
ence papers; (4) data unavailable to be extracted; and (5) 
inaccessible full text through various approaches on tea 
consumption.

Data extraction and quality assessment
The full text of all articles included was reviewed. Data 
abstraction and full-text screened review were carried 
out independently by two authors, and discrepancies 
were corrected by the third. To remove duplicates, we 
imported the extracted study into the Endnote Software 
X9.0, followed by the screening of titles and abstracts 
by two authors. PRISMA statement guidelines were fol-
lowed throughout all processes [13]. Data collection 
was conducted using standardized forms developed by 
the research team. Data extraction included the follow-
ing information: study characteristics, such as study 
types, authors, year of publication, number of patients 
and sample size. An analysis of clinical indicators and 
data was conducted: (1) case/participants; (2) popula-
tion of country; (3) tea types; (4) tea consumption (< 1 
cup vs. ≥ 1 cup); (5) Cancer sites; and (6) age. The study 
quality assessment was performed following the New-
castle–Ottawa Scale [14]. The scoring system assessed 
three aspects of a study: selections (representativeness 
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of cohort and exposure assessment); comparability 
(confounding determination) and outcomes (assess-
ment of the outcome and follow-up). The studies were 
rated based on selection, comparability, exposure and 
outcome, and scored with a maximum of nine points. 
There were two categories of papers: high-quality (study 
score ≥ *7) and low-quality (study score < *7) [15, 16]. We 
rated them based on the following: Is the case definition 
adequate?,Representativeness of the cases, Definition 
of Controls, Comparability of cases and controls on the 
basis of the design or analysis, Ascertainment of expo-
sure, Same method of ascertainment for cases and con-
trols, Non response.

Statistical analysis
The meta-analyses were performed using Stata17.0. Since 
the indices collected in this study were dichotomous 
variables, the odds ratio (OR) was used as the effect size 
in the statistical analysis. The I2 index and Cochran’s Q 
tests were employed to quantify incoherence and hetero-
geneity between studies, respectively. I2 was evaluated 
as a measure of heterogeneity across studies, which was 
interpreted as not significant (0%-40%), moderate hetero-
geneity (30%-60%), substantial heterogeneity (50%-90%), 
or large heterogeneity (75%-100%) [17]. If there was sig-
nificant heterogeneity between studies, a random effect 
model was used; otherwise, a fixed effect model was used. 
A sensitivity and subgroup analysis was performed to 
explore potential causes of heterogeneity. There were sev-
eral confounding factors, including geographic location, 
tea types, cancer sites, quality scores, and study types. 
We assessed the sources of heterogeneity by analyzing 

the previously described factors in the subgroups. Mean-
while, analyses of sensitivity were conducted to evaluate 
the robustness of the main outcomes. Furthermore, Egg-
er’s correlation tests regressed the publication bias, the P 
value at 0.05 (*) was considered statistically significant, 
and the test results were attached to the paper [18].

Results
Search results
A total of 239 relevant studies were retrieved from the 
initial literature review. Duplicate articles were firstly 
removed among predefined databases based solely on 
titles. Additionally to 84 duplicate articles, the remain-
ing 155 studies were also screened by reviewing titles 
and abstracts. In addition, 120 studies based on animals, 
review articles, and case reports were also ruled out from 
this work. A comprehensive review of 35 studies was con-
ducted. 8 articles were excluded due to missing results of 
interest, 7 articles were ruled out because of inaccessi-
ble full texts, and 6 with data unavailable. Ultimately 14 
articles were included in the meta-analysis [8, 19–31]. 
Among them, L Joseph Su’s study in 2002 included two 
cohort studies, so a total of 15 studies were included for 
quantitative synthesis (meta-analysis). The process of lit-
erature retrieval was shown in Fig. 1.

Study characteristics, and quality assessment
A summary of the characteristics of the included studies 
were presented in Table 2. The included 15 studies were 
published between 1986 and 2015, which included total 
2,693,030 participants. These studies were conducted in 
Asia (4 in China, 1 in Singapore), North America (4 in 

Table 1  PubMed database literature search format

Search number Query

#1 "Colorectal Neoplasms"[MeSH Terms]

#2 "colorectal neoplasms"[Title/Abstract] OR "colorectal neoplasm"[Title/Abstract] OR "neoplasm colorectal"[Title/
Abstract] OR "neoplasms colorectal"[Title/Abstract] OR "colorectal tumors"[Title/Abstract] OR "colorectal 
tumor"[Title/Abstract] OR "tumor colorectal"[Title/Abstract] OR "tumors colorectal"[Title/Abstract] OR "colorectal 
cancer"[Title/Abstract] OR "cancer colorectal"[Title/Abstract] OR "cancers colorectal"[Title/Abstract] OR "colorectal 
cancers"[Title/Abstract] OR "colorectal carcinoma"[Title/Abstract] OR "carcinoma colorectal"[Title/Abstract] OR "car-
cinomas colorectal"[Title/Abstract] OR "colorectal carcinomas"[Title/Abstract]

#3 #1 OR #2

#4 "Tea"[MeSH Terms]

#5 "Tea"[Title/Abstract] OR "black tea"[Title/Abstract] OR "black teas"[Title/Abstract] OR "tea black"[Title/Abstract]
OR "teas black"[Title/Abstract] OR "green tea"[Title/Abstract] OR "green teas"[Title/Abstract] OR "tea green"[Title/
Abstract]OR "teas green"[Title/Abstract] OR "tea consumption"[Title/Abstract]

#6 #4 OR #5

#7 "Prospective Studies"[MeSH Terms]

#8 "prospective studies"[Title/Abstract] OR "prospective study"[Title/Abstract] OR "studies prospective"[Title/Abstract]
OR "study prospective"[Title/Abstract]

#9 #7 OR #8

#10 #3 AND #6 AND #9
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the United States), Europe (2 in the United Kingdom, 2 in 
France, 1 in Italy), and Oceania (1 in Australia). In addi-
tion, 3 were case–control studies, 11 were cohort studies, 

and 1 was a randomized controlled trial. Tea consump-
tion showed an inherent relationship with CRC risk in all 
studies.

Fig. 1  PRISMA flow diagram of the study process. PRISMA, Preferred Reporting Items for Systematic review and Meta-analysis

Table 2  Characteristics of included studies

Author Year study type Events Country Age NOS Tumor site Types of Tea

James R 2015 Case–control study 3672 America 40–85 5 colon, rectum Any tea

Vincent K. Dik 2013 Prospective cohort study 477,071 French 64.7 ± 8.3 7 colon, rectum Any tea

C Dominianni 2013 Prospective cohort study 53,542 UK NA 7 colon, rectum Green tea

Chadwick John Green 2014 Case–control study 1802 Australia 40–79 4 colon, rectum Any tea

Terryl J. Hartman 2015 Randomized controlled trials 27,108 French 50–69 6 colon, rectum Any tea

L.K. Heilbrun 1986 Prospective cohort study 7938 UK 45–68 5 colon, rectum Black tea

Xinyi L 2019 Prospective cohort study 455,981 Chinese 30–79 7 colon, rectum Any tea

Sarah Nechuta 2012 Prospective cohort study 68,522 Chinese 40–70 7 colon, rectum Green tea

Rashmi Sinha 2012 Prospective cohort study 343,975 America 50–71 8 colon, rectum Any tea

L Joseph Su cohort1 2002 Prospective cohort study 12,335 America 25–74 5 colon Green tea

L Joseph Su cohort2 2002 Prospective cohort study 12,335 America 25–74 5 colon Green tea

Can-Lan Sun 2007 Prospective cohort study 546,563 Singapore 45–74 6 colon, rectum Green tea, Black tea

Alessandra Tavana 1997 Case–control study 10,569 Italy 19–79 4 colon, rectum Any tea

Gong Yang 2007 Prospective cohort study 397,841 Chinese 40–70 7 colon, rectum Green tea

Gong Yang 2011 Prospective cohort study 273,776 Chinese 40–74 7 colon, rectum Green tea
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As shown in Tables  2  and  3, the NOS scores for all 
included studies ranged from 4 to 8 points. Seven in fif-
teen studies were considered to be high quality. In terms 
of selection and outcome bias, all studies conformed to 
the inclusion criteria.

Tea consumption and CRC risk
In Fig. 2, RRs from 15 studies were extracted after mul-
tivariable correction. A random effect model was used 
for data analysis to evaluate the association between tea 
consumption and CRC because of apparent heterogene-
ity (P < 0.001, I2 = 99.6%). The results of the combined 
test were RR = 0.758,95%CI 0.489–1.176, P = 0.216. Based 
on the combined results of all tests, no statistically sig-
nificant association could be found between tea con-
sumption and CRC risk (RR = 0.758, 95%CI 0.489–1.176, 
P = 0.216). Considering that the study results indicated 
the existence of significant heterogeneity, subgroup anal-
ysis, and sensitivity analysis were conducted in the subse-
quent study to explore the source of heterogeneity.

Subgroup analysis
Subsequently, we categorized the studies by geographic 
regions (Subgroups were set up according to countries 
of the recruited population), amount of tea consump-
tion, types of tea, sites of cancer, quality scores, types 
of study, and year of publication (Table  4). Except for 
geographic regions and types of tea, no statistically 
significant differences were found in other subgroups. 
The results indicated that neither group was a potential 
source of heterogeneity in meta-analyses. In subgroup 
stratified by geographic regions (countries of the study 
population), data from American subgroup analysis 
suggested that tea consumption might protect against 
CRC (RR = 0.326, 95%CI 0.110–0.908). Conversely, 
data from the UK (RR = 1.454, 95%CI 1.031–2.050) 
and Italian subgroup (RR = 1.151, 95%CI 0.079–1.229, 
P < 0.001) exhibited opposite results. Therefore, tea 
consumption might be associated with CRC to some 
degree. It is worth noting that, in subgroups of tea 
types, green tea consumption was associated with the 

Table 3  Quality assessment for observation studies by Newcastle Ottawa Scale

Study Is the case 
definition 
adequate?

Representativeness 
of the cases

Definition 
of 
Controls

Comparability 
of cases and 
controls on 
the basis of 
the design or 
analysis

Ascertainment 
of exposure

Same 
method of 
ascertainment 
for cases and 
controls

Non 
response

Total scores

James R 2015 * - - * * * * 5

Vincent K. Dik 
2013

* * * * * * * 7

C Dominianni 
2013

* * * * * * * 7

Chadwick John 
Green 2014

* - - * * * - 4

Terryl J. Hart-
man 2015

* * * * * * - 6

L.K. Heilbrun 
1986

* - - * * * * 5

Xinyi L 2019 * * * * * * * 7

Sarah Nechuta 
2012

* * * * * * * 7

Rashmi Sinha 
2012

* * * ** * * * 8

L Joseph Su 
cohort1 2002

* - - * * * * 5

L Joseph Su 
cohort2 2002

* - - * * * * 5

Can-Lan Sun 
2007

* * * * * * - 6

Alessandra 
Tavana 1997

* - - * * * - 4

Gong Yang 
2007

* * * * * * * 7

Gong Yang 
2011

* * * * * * * 7
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reduced risk of CRC (RR = 0.049, 95%CI 0.031–0.067, 
P < 0.001).

Sensitivity analysis
Potential sources of heterogeneity were investigated 
using a sensitivity analysis. The results of the sensi-
tivity analysis were shown in Fig.  3. Excluding any 
single study, the overall results ranged from 0.49 
(95%CI = 0.46–0.66) to 1.18 (95%CI = 1.07–1.34), 
implying that the main results were robust.

Publication bias
To detect publication bias in the included studies, 
Egger tests were conducted and the findings were visu-
alized as well (Fig.  4). Data showed that there was no 
significant publication bias between tea consumption 
and CRC risk (P = 0.064) by Egger’s tests.

Discussion
CRC has emerged as a challenge threatening individual 
health globally [2]. This poses a serious threat to human 
health. It has been found previously that, tea extracts 
might perform some anti-cancer effects [9, 24, 32]. How-
ever, conclusions from the studies about the relationship 
between tea consumption and CRC in vivo and in vitro 
remain controversial [33, 34]. Studies conducted in Japan 
has found no association between tea consumption and 
CRC [35, 36]. While in a study performed by Yang G et al. 
in China has indicated that tea consumption may reduce 
the risk of CRC [31].

In the present study, we assessed the association 
between tea consumption and CRC risk comprehensively 
using a meta-analysis, and found that from the data so far, 
from whole tea consumption did not significantly reduce 
the risk of CRC. In addition,according to subgroup 
analysis,the dose–response relationship did not demon-
strate a significant inversion between daily tea consump-
tion and CRC risk. According to Zhang et al., higher tea 

Fig. 2  Forest plot of tea consumption and colorectal cancer risk
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consumption was correlated with a reduced risk of CRC 
[37]. Similar results have also been found by Wang et al. 
and Chen et  al. have shown that tea intake can reduce 
the risk of CRC development [7, 38]. However, Yu et al. 
found no apparent relationship between the two aspects 
[39, 40]. Nevertheless, evidences from Zhu et al. showed 
that tea drinking may protect women against CRC [41]. 
In addition, they excluded case–control studies, which 
have a selection bias that limits their interpretation. In a 
meta published in 2020, one comprehensive report that 
summarizes the internal relationship between tea drink-
ing and the development of cancer whereas it fails to 
elucidate the role of tea drinking in the occurrence and 
development of CRC [42].

Also in this study, the opposite relationship between tea 
consumption and CRC risk was found in the tea drink-
ers from America, the UK, and Italy. Possible affecting 
factors might be regional differences, individual differ-
ences, and the response to tea consumption by a person. 
Among the green tea drinkers, tea consumption was cor-
related with the lower risk of CRC, which was consid-
ered to be a protective factor. The possible cause could 
be the anti-cancer properties of tea polyphenols in green 
tea. Colorectal cancer might be modified through a vari-
ety of intracellular and extracellular processes, such as 
antioxidant activity, inflammation reduction, gut micro-
biota alterations, enzymatic inhibition in lipid or glucose 
metabolism and epigenetic changes [43–46]. In animal 
studies, green tea extract has been shown to prevent the 
occurrence and formation of precancerous lesions in the 
colon [47, 48].

This analysis recruited 2.7 million participants, approx-
imately 700,000 more than previous projects. In this 
study, all relevant prospective studies (n = 15) with a large 
number of participants and abundant data were included, 
providing a higher degree of statistical power. There are 
still some limitations in this study: Firstly, the current 
meta-analyses failed to eliminate heterogeneity, either in 
the population or subgroup analyses. Secondly, although 
gender, age, and smoking are confounding factors in 
most studies, other potentially important variables, such 
as alcohol and fruit, have been neglected. The third point 
is that CRC is extremely complex and heterogeneous, 
with significant differences in incidence and etiology. 
This heterogeneity cannot be eliminated in the current 
model. Fourthly, because some included literature has a 
relatively small sample size, which may have limited sta-
tistical power, making it difficult to generalize the results. 
Last but not least, previous meta-analyses have used dif-
ferent ways to assess tea consumption. Even though some 
tea consumption was converted to cups per day prior to 
analysis, certain measurement errors were made in the 
original estimation of tea consumption.

Table 4  Subgroup analyses of tea consumption and colorectal 
cancer risk

Group Studies (n) RR (95% CI) P Heterogeneity 
test

P I2 (%)

Total 15 0.758 (0.489–
1.176)

0.216 0 99.6

Design

  Case–control 3 1.079 (0.985–
1.182)

0.102 0.061 64.2

  Cohort 11 0.645 (0.371–
1.122)

0.120 0 99.6

  Randomized 
controlled trials

1 1.625 (1.228–
2.150)

0.001 NA NA

Tea source

  Green tea 9 0.049 (0.031–
0.067)

0.001 0 98.6

  Black tea 2 0.020 (-0.018–
0.058)

0.295 0 97.5

  Any tea 13 0.012 (0.009–
0.014)

0 0 99.8

Amount of tea

  < 1 12 0.008 (0.006–
0.009)

0 0 99.6

  ≥ 1 13 0.012 (0.010–
0.014

0 0 99.8

Area1

  America 4 0.326 (0.110–
0.908)

0.043 0 99.7

  France 2 0.954 (0.342–
0.660)

0.928 0 98

  UK 2 1.454 (1.031–
2.050)

0.033 0.087 65.9

  Australia 1 0.957 (0.828–
1.106)

0.553 NA NA

  China 4 0.906 (0.635–
1.292)

0.585 0 94

  Singapore 1 1.107 (0.966–
1.269)

0.142 NA NA

  Italy 1 1.151 (1.079–
1.229)

0 NA NA

Location

  Colon 11 0.607 (0.365–
2.264)

0.837 0 99.7

  Rectal 9 1.159 (0.454–
2.960)

0.758 0 99.4

Publication year

  < 2010 6 0.587 (0.337–
1.023)

0.060 0 98.3

  ≥ 2010 9 0.899 (0.493–
1.639)

0.728 0 99.7

Quality score

  < 7 8 0.788 (0.573–
1.082)

0.141 0 97.6

  ≥ 7 7 0.732 (0.360–
1.488)

0.389 0 99.7
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It is well known that genetic and environmental fac-
tors are primarily responsible for the development of 
CRC. In recent years, CRC incidence has increased 
worldwide due to the advancement of diagnosis meth-
ods, technology, and improved health awareness among 
the public. Unfortunately, with the development of 
society, people’s dietary habits and lifestyles are also 
changing, resulting in the continuous breeding of CRC 
and other diseases. Tea has gained increasing attention 
for its effects on human health as one of the most popu-
lar beverages in the world. Numerous studies, including 

animal and cell experiments [49], have reported that 
tea extracts have anticancer effects on cancer develop-
ment and progression. From a cellular and molecular 
perspective, the specific mechanism of CRC induced by 
tea consumption remains unclear and needs to be fully 
investigated. In designing future prospective studies, 
the experiences summarized in this article can be taken 
into account and stricter measurement criteria can be 
established to ensure the accuracy and reliability of the 
results as well as to minimize the interference of con-
founding factors.

Fig. 3  Sensitivity analysis results

Fig. 4  Results of publication bias
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However, this paper exhibits certain limitations that 
warrant further investigation. First of all, the high hetero-
geneity was observed in the findings of this study. Sub-
sequently, we conducted subgroup analysis, sensitivity 
analysis, and assessed publication bias in order to identify 
the underlying cause of this heterogeneity. However, our 
investigation did not reveal any articles exhibiting sub-
stantial bias. The high level of heterogeneity observed in 
the original studies investigating the association between 
tea consumption and colorectal cancer risk can be attrib-
uted to several factors that are challenging to reconcile. 
These factors encompass the diverse characteristics of the 
patients involved, such as their geographical locations, 
racial backgrounds, and age distributions. Additionally, 
variations in the stages of colorectal cancer, the quantity 
and varieties of tea consumed, and the design and quality 
of the studies themselves contribute to this heterogene-
ity. Despite these inherent differences, the present study 
retains the ability to partially elucidate the underlying 
connection between tea consumption and the initiation 
and progression of colorectal cancer. Additionally, possi-
ble publication bias: While Egger’s test suggested no sig-
nificant publication bias, it is important to consider that 
negative or non-significant results might be less likely to 
be published, leading to potential publication bias. This 
limitation should be acknowledged and discussed.

Taken together, this meta-analysis suggests that tea 
consumption may not be linked to the development of 
CRC. These relationships still need to be confirmed by 
additional well-designed large prospective studies and 
randomized clinical trials.

Conclusion
Based on the studied samples of patients, the meta-
analysis shows that tea reduces colon cancer risk by 
24%, but the estimate is uncertain. The actual effect on 
risk can range from a reduction of 51% to an increase of 
18%, but regional and population differences may cause 
differences.
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