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Background: There are many studies on the association of tea and its extracts with colorectal adenomas, but the results have varied. The study aims to investigate the effect of tea and its extracts on colorectal adenomas using meta analysis and systematic review.

Methods: Literature was obtained through PubMed, Cochrane Library, Embase and Chinese BioMedical Literature Service System since the establishment of the database until April 31, 2023. Search terms include adenomas, polyps, colorectal, rectal, rectum, tea, epigallocatechin, drinking and beverages. Meta-regression analysis was used to infer the source of heterogeneity. Heterogeneity was assessed using I2 statistics and Q test. The effect measures were odds ratio (OR) and 95% confidence interval (95% CI). Stata17.0 software was used for data processing.

Results: The findings indicated that study design (t = 0.78, P = 0.454), types of tea intake (t = 1.35, P = 0.205), occurrences (t = -0.19, P = 0.852), regions (t = 1.13, P = 0.281) and grades of adenomas (t = 0.06, P = 0.952) were statistical homogeneity. Tea and its extracts were negatively correlated with the risk of colorectal adenomas (OR = 0.81, 95% CI: 0.66–0.98). No publication bias was found in this study (t = -0.22, P = 0.828) and the results are robust.

Conclusion: This study suggests that tea and its extracts have a certain protective effect on colorectal adenomas, which provides scientific evidence for preventive strategies for colorectal adenomas. As for the causal relationship between tea and its extracts on colorectal adenomas, further prospective studies are needed.
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1. Introduction

Colorectal cancer (CRC) is one of the most common malignancies with high incidence and mortality rates (1). According to the information published by the International Agency for Research on Cancer (IARC) of the World Health Organization, CRC was the third most common cancer in the world after lung cancer and breast cancer in terms of global incidence and mortality in 2020 (2). China’s Guideline for the Screening, Early Detection and Early Treatment of CRC points out that the incidence and mortality rates of CRC are on the rise, causing a serious disease burden in China (3). A recent study showed that the burden of CRC increased significantly worldwide over 30 years and that China, the United States and Japan had the highest number of CRC cases in 2019, with East Asia having the highest burden of CRC (4).

Some studies have found that the development of CRC mostly follows the evolutionary pathway of “adenoma-cancer,” that is, normal mucosa first appears with epithelial hyperplasia-like changes, then can gradually transform into an adenoma, and later can develop into carcinoma in situ and invasive carcinoma, and it generally takes 5–10 years to progress from precancerous lesions to cancer, this provides an important time window for early diagnosis and clinical intervention (5–7). Therefore, the development of CRC can be largely prevented by modifying modifiable risk factors and through the detection and removal of precancerous lesions (8).

Tea is rich in polyphenolic compounds, with catechins as the main component. Studies have shown that catechins have a variety of pharmacological properties, including antioxidant, anti-inflammatory, anti-cancer effects, and so on (9–11). In the gastrointestinal tract, green tea has been found to activate intracellular antioxidants, inhibit the formation of carcinogens, angiogenesis and the proliferation of cancer cells (12, 13).

There are few studies investigating the relationship between tea and the risk of colorectal adenomas. Some studies have found that tea has a negative correlation with the risk of colorectal adenomas and helps reduce the incidence of CRC (14, 15). However, the studies were not in agreement, for example, the results of Chen et al. showed a protective effect of tea consumption on low-risk colorectal adenomas (OR = 0.66, 95% CI: 0.48–0.90) and high-risk colorectal adenomas (OR = 0.57, 95% CI: 0.36–0.89) (16), while the results of Budhathoki et al. found no association between tea intake and the risk of colorectal adenomas (OR = 1.50, 95% CI: 0.97–2.31) (17). Therefore, this study is aimed to analyze and evaluate the relationship between tea and its extracts on colorectal adenomas by using meta-analysis, to provide some scientific evidence for the prevention of colorectal adenomas and CRC through tea consumption.



2. Materials and methods


2.1. Search strategy

The systematic review and meta-analysis were performed according to the Cochrane Handbook for Systematic Reviews of Interventions (18) and the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes guidelines for meta-analysis (19). This project was registered with the International Prospective Register of Systematic Reviews (PROSPERO) under registration identification number CRD42023396930 (20), and compliant with the main PRISMA statement (21, 22). Studies related to tea and its extracts with colorectal adenomas were identified by searching PubMed, Cochrane Library, Embase and Chinese BioMedical Literature Service System, all from the time of creation to 31 April 2023. Meanwhile, references of included literature were further manually searched to identify additional studies that met the inclusion criteria.

Research terms (adenomas OR polyps) AND (colorectal OR rectal OR rectum) AND (tea OR epigallocatechin OR drinking OR beverages OR diet) were used. The details of research strategy were provided in Supplementary material. Each identified report was carefully scanned by two of the authors.



2.2. Selection criteria

Inclusion criteria were as follows: (1) literature investigating the relationship between tea and its extracts with colorectal adenomas, (2) cohort studies, case–control studies, cross-sectional studies, or randomized controlled trials (RCTs), (3) studies reporting the definition of colorectal adenomas and the methods of diagnosis, and (4) literature reporting the sample size of the study, or which could be derived from the original data.

Reports as follows were excluded: (1) literature with repeated reports on the same population, (2) case reports, reviews, letters or comments, (3) animal or cell trials, and (4) literature with incomplete data or where sample sizes for each study result could not be derived from the literature.



2.3. Data extraction and quality assessment

Two authors screened the literature independently, extracted information using a uniform data extraction form and cross-checked. In case of disagreement, it was discussed or referred to a third-party evaluation for resolution. Potentially eligible studies were selected by abstracting the title or abstract. If the title or the abstract was inadequate to reach a final decision, the full paper was obtained. Data extraction included: the first author’s name, published year, country, study design, sex ratio, age, cases, sample size, odds ratio (OR) and its 95% confidence interval (95% CI) after adjusting for the most covariates, and adjusted confounders. The Newcastle-Ottawa scale was used to assess the quality and risk of bias of observational studies (23), and studies scoring seven or more than seven were defined as high-quality studies. The Cochrane Collaboration’s tool was used to assess the quality of RCTs (24).



2.4. Statistical analysis

Observational studies collected effect sizes for each study, using the OR and its 95% CI as the effect analysis statistics, and clinical trials performed quantitative pooled analyzes, calculating combined estimates expressed as relative risk (RR) with corresponding 95% CI to test the association between tea and its extracts on the risk of colorectal adenomas. Heterogeneity between studies was assessed using Cochran’s Q test and the I2 statistic (25, 26). Heterogeneity was considered to be significant if I2 > 50% and P ≤ 0.05, and analysis was performed using a random-effect model, conversely, there was no heterogeneity and a fixed-effect mode can be used. Forest plots were produced to show the results of each trial and estimate the overall effect size. Publication bias was assessed using funnel plots and Egger’s test (27). Sensitivity analysis was conducted by omitting one estimate at a time sequentially and recalculating the pooled results to measure the effect of each study on the overall effects and the robustness of the results.

All statistical analyzes were performed by STATA software (Version 17.0, Stata Corporation, College Station, TX, United States). The differences were considered to be statistically significant at P-value ≤0.05 with the two-sided test.




3. Results


3.1. Search results and study characteristics

The literature screening process was shown in Figure 1. In the initial screening process, a total of 4,364 articles were retrieved from the database, after removing duplicate articles, the titles and abstracts of the remaining 3,647 articles were read, and 59 articles were retained after excluding those that did not meet the study criteria. After a full-text review, 47 papers were excluded, and a total of 12 papers were finally included for systematic review and meta-analysis (16, 17, 28–37).
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FIGURE 1
 PRISMA flow diagram of the study selection process.


The basic characteristics of the included studies were shown in Table 1. All articles were published between 1990 and 2022, including one cross-sectional study, two cohort studies, five case–control studies, and four RCTs. The risk of bias assessment for the observational studies and RCTs was presented in Supplementary Table S1 and Supplementary Figure S1, respectively. According to the Newcastle-Ottawa scale and the Cochrane collaboration’s tool, the quality of the observational studies was high, and there was no significant risk of bias in the included RCTs.



TABLE 1 Characteristics of included studies in the meta-analysis.
[image: Table1]



3.2. Effects of tea and its extracts on the colorectal adenomas

The results of the overall meta-analysis were presented in Figure 2. The heterogeneity test showed the existence of heterogeneity between studies (I2 = 60.3%, P = 0.003), so a random-effect model was used for the analysis. The results indicated that tea and its extracts could reduce the risk of colorectal adenomas (OR = 0.81, 95% CI: 0.66–0.98).

[image: Figure 2]

FIGURE 2
 Forest plot of tea and its extracts with colorectal adenomas.




3.3. Meta-regression and subgroup analysis

Meta-regression analysis was conducted according to two study design types, observational studies and clinical trials, two types of tea intake, green and black tea, two occurrences, incidence and recurrence, three regions, East Asia, North America, and Europe, and two grades of adenomas, low and high. The results were presented in Table 2, which showed that there was no heterogeneity between study design types, types of tea intake, occurrences, regions and grades of adenomas.



TABLE 2 Results of univariate meta-regression analysis.
[image: Table2]

The results of the subgroup analysis were presented in Supplementary Table S2 and Supplementary Figure S2. The association was significant in green tea (OR = 0.75, 95% CI: 0.60–0.93), while there was no association between black tea and colorectal adenomas (OR = 1.03, 95% CI: 0.72–1.47). Subgroup analysis based on region indicated that tea and its extracts reduced the risk of colorectal adenomas by 27% (95% CI: 0.57–0.92) in East Asia, while results showed that tea and its extracts were not associated with colorectal adenomas in North America (OR = 0.87, 95% CI: 0.48–1.59) and Europe (OR = 0.97, 95% CI: 0.76–1.22). The association was more significant between tea and its extracts with low-risk colorectal adenomas (OR = 0.74, 95% CI: 0.57–0.95), but not with the risk of high-risk colorectal adenomas (OR = 0.73, 95% CI: 0.47–1.14).



3.4. Publication bias and sensitivity analysis

Funnel plots of the studies were shown in Figure 3. Visual inspection was largely symmetrical, and the results of Egger’s test also showed that there was no publication bias (t = −0.22, P = 0.828). The results of sensitivity analysis showed no impact of excluding any single study on the overall estimate of the effect of tea and its extracts on the risk of colorectal adenomas, indicating that the analysis was robust (Figure 4; Table 3).

[image: Figure 3]

FIGURE 3
 The funnel plot of included studies.


[image: Figure 4]

FIGURE 4
 Sensitivity analyzes by omitting one study at a time.




TABLE 3 The results of sensitivity analyzes.
[image: Table3]




4. Discussion

This meta-analysis and systematic review is the latest study investigating tea and its extracts and their influence on the risk of colorectal adenomas. The meta-analysis of 12 studies indicates that tea and tea extract supplements have a protective effect against colorectal adenomas.

Tea originated from the plant species Camellia sinensis and has become the second most commonly consumed beverage in the world, with green tea, black tea and oolong tea being among the beverages often consumed (38). Tea is rich in many active ingredients, the main component of polyphenols, which has been proven in animal and cellular experiments to inhibit the formation and proliferation of CRC and other tumors (39, 40). Different types of tea contain different types and contents of polyphenols, theaflavin-3, 30-digallate (TFDG) in black tea and epigallocatechin-3-O-gallate (EGCG) in green tea have a protective effect against oxidative stress, these substances are involved in many biochemical processes responsible for the inflammation and proliferation of cancer cells, all of which reduce the phenomenon and symptoms of intestinal inflammation, reduce the proliferation of intestinal polyps and adenomas and reduce the proliferation of CRC cells (41–44).

Chen et al. (45) reported a meta-analysis on the association between tea consumption and CRC, which enrolled cohort studies and case–control studies. The results among all studies showed that compared with the lowest tea consumption, the highest tea consumption reduced the risk of CRC by 7% (OR = 0.93, 95% CI: 0.87–1.00), indicating that tea consumption had an effect on the prevention of colorectal tumors, which was consistent with the results of our study. However, a meta-analysis of case–control studies showed that high-dose green tea intake may marginally reduce the risk of colorectal tumors, without statistical significance (OR = 0.95, 95% CI: 0.81–1.11) (46); another meta-analysis based on prospective cohort studies also showed no significant association between tea consumption and colorectal tumor risk (RR = 0.97, 95% CI: 0.94–1.01) (47), which was similar to the results of the former study.

The results of subgroup analyzes showed a protective effect of green tea and its extracts against colorectal adenomas, as well as in East Asian populations. This may be due to the prevalence of tea culture in Asia, where the content and frequency of tea drinking are much higher than those in North America and Europe. Moreover, green tea is mostly consumed in Asia, while black tea is mostly consumed in North America and Europe. This result is consistent with the results of the subgroup analysis of tea intake types in the previous section. Chen et al. also reported that significant correlations were observed in the green tea and CRC in their meta-analysis (45), which was similar to our findings. In a meta-analysis based on case–control studies, Wang et al. (46) found that tea had an insignificant protective effect against colorectal tumors in Asia (OR = 0.87, 95% CI: 0.62–1.22) in addition to the US and European populations, whereas the results of our study showed that tea had a pronounced protective effect against colorectal adenomas in East Asian populations. In terms of adenomas grade, the results showed that tea and its extracts reduced the risk of low-risk colorectal adenomas (OR = 0.74, 95% CI: 0.57–0.95), but were not correlated with the risk of high-risk colorectal adenomas (OR = 0.73, 95% CI: 0.47–1.14). However, only three of the included studies graded the adenomas, so the results may be biased. Chen et al. showed that tea consumption ≥42 cup-years reduced the incidence of low-risk adenomas (OR = 0.66, 95% CI: 0.48–0.90) and high-risk adenomas (OR = 0.57, 95% CI: 0.36–0.89), but when tea consumption <42 cup-years, it only had a protective effect against low-risk adenomas, not between high-risk adenomas (16). Meanwhile, Nakachi et al. (48) found that the incidence of CRC was lower among patients who consumed more than 10 cups of green tea per day. Since no significant differences were observed in subjects who consumed less than 10 cups per day, there may be a threshold amount of tea protection, and the threshold for high-risk adenomas was higher than that for low-risk adenomas. Other factors such as subject selection bias, diet, alcohol consumption, smoking (49), type of tea, total tea consumption, measurement error (50), and temperature of tea infusion may also affect the study results.

The strength of this study is that we enrolled all relevant studies (n = 12), with a larger proportion of RCT studies and cohort studies, and a higher level of confidence in the results of the analysis. Besides, we performed relatively comprehensive analyzes including meta-regression analysis, subgroup analysis, publication bias detection, and sensitivity analysis to explore potential sources of heterogeneity and bias.

However, our study still has several limitations. Firstly, the number of enrolled studies was limited, so the number of literature on the subgroup analysis groups was fewer, and their results may be unstable. Secondly, there is the issue of measurement error, which may result in bias in the calculation of estimated effects and the judgment of confounding factors due to different methods of measuring the dosage of tea and its extracts included in the study. Finally, because tea is mainly prevalent in Asia, the relatively large sample size of Asians in this study leads to a potential selection bias, caution should be exercised when extrapolating the results of this study to other countries. More studies are needed to confirm the preventive effect of tea on the risk of colorectal adenomas, especially for populations of different genders in different regions.



5. Conclusion

The result from the meta-analysis of 12 studies indicates that tea and its extract supplements have a protective effect against colorectal adenomas. Subgroup analyzes show that the protective effects of tea and its extracts against colorectal adenomas are more pronounced in green tea, East Asian populations, and low-risk adenomas, but the number of literature on the subgroup analysis groups was fewer, which needs to be determined by more evidence. The findings may provide a theoretical basis for the development of nutrition guidelines. As for the causal relationship between tea and its extracts on colorectal adenomas, further prospective studies are needed.
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