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Abstract

Purpose Data from in vitro and animal studies support the preventive effect of tea (Camellia sinensis) against colorectal
cancer. Further, many epidemiologic studies evaluated the association between tea consumption and colorectal cancer risk,
but the results were inconsistent. We conducted a meta-analysis of prospective cohort studies to systematically assess the
association between tea consumption and colorectal cancer risk.

Methods A comprehensive literature review was conducted to identify the related articles by searching PubMed and Embase
up to June, 2019. Summary relative risks (RRs) and 95% confidence intervals (CIs) were calculated using a fixed effect model.
Results Twenty cohort articles were included in the present meta-analysis involving 2,068,137 participants and 21,437 cases.
The combined RR of colorectal cancer for the highest vs. lowest tea consumption was determined to 0.97 (95% CI10.94-1.01)
with marginal heterogeneity (I*=24.0%, P=0.093) among all studies. This indicated that tea consumption had no significant
association with colorectal cancer risk. Stratified analysis showed that no significant differences were found in all subgroups.
We further conducted the gender-specific meta-analysis for deriving a more precise estimation. No significant association
was observed between tea consumption and colorectal cancer risk in male (combined RR =0.97; 95% CI10.90-1.04). How-
ever, tea consumption had a marginal significant inverse impact on colorectal cancer risk in female (combined RR =0.93;
95% C10.86-1.00). Further, we found a stronger inverse association between tea consumption and risk of colorectal cancer
among the female studies with no adjustment of coffee intake (RR: 0.90; 95% CI 0.82—1.00, P < 0.05) compared to the female
studies that adjusted for coffee intake (RR = 0.97; 95% CI 0.87-1.09, P> 0.05).

Conclusions Our finding indicates that tea consumption has no significant impact on the colorectal cancer risk in both gen-
ders combined, but gender-specific meta-analysis shows that tea consumption has a marginal significant inverse impact on
colorectal cancer risk in female.
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Introduction

Colorectal cancer is a major public health concern world-
wide [1]. Despite various treatment strategies have been
developed and used in clinic, the 5-year overall survival
rate of metastatic colorectal cancer is only approximately
10% [2]. The morbidity and mortality rates of colorectal
cancer present an upward trend in the world, especially in
many medium-to-high human development index countries
including China, Russia, and Brazil. It is estimated that
over 1.8 million new colorectal cancer cases and 881,000
deaths occurred in 2018. Colorectal cancer has become
the third most frequently diagnosed cancer but the second
most common cause of cancer death [3]. The pathogenesis
of colorectal cancer has not been clearly demonstrated until
now. Nevertheless, limited evidence suggests that dietary
patterns are important factors to influence the morbidity
of colorectal cancer. Dietary intervention has become an
important strategy for the colorectal cancer prevention [2].

As a crucial dietary factor, tea, which is originated
from the dried leaves of plant Camellia sinensis, is gain-
ing increasing attention due to its possible therapeutic
effect on various cancers, especially on colorectal cancer
[4]. Tea is one of the most widely consumed beverages,
second only to water [5, 6]. In vitro and animal studies
have shown that tea intake contributes to the prevention
of colorectal cancer. This effect is mainly attributed to
its main active ingredient, epigallocatechin-3-gallate
(EGCG). Numerous studies have showed that EGCG pre-
vents colorectal cancer by various mechanisms, such as
antioxidation, growth inhibition, and apoptosis induction
[7]. Furthermore, the bioavailability of EGCG in humans
is estimated to be only 0.32% after oral administration,
and most of EGCG is oxidized and decomposed in large
intestine, leading to colorectum as the major target organ
of EGCG [8, 9]. Thus, the anti-colorectal cancer effect of
tea attracts more attention.

The preventive effect of tea against colorectal cancer is
supported by some epidemiological studies [10, 11]. How-
ever, the results of epidemiological studies are not always
consistent [12, 13]. Furthermore, the association between
tea consumption and colorectal cancer risk also remains
controversial based on meta-analysis [14—17]. Some meta-
analysis showed no significant association between tea
consumption and colorectal cancer risk [14—-16], while
the meta-analysis reported by Chen et al. [17] found an
inverse association. This inconsistency may be caused by
several factors, such as case—control design related biases
and limited sample size. Further, the meta-analysis based
on or included case—control studies may be influenced by
recall bias and reverse causality, leading to biased results
[15, 17]. Additional evidence is necessary to reveal the
association between tea consumption and colorectal cancer
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risk. A prospective cohort study of 0.5 million Chinese
adults (a follow-up of 10.1 years) and a prospective cohort
study of 31,552 Japanese adults (a follow-up of 8.0 years)
were reported recently. Participants recruited in the two
prospective cohort studies are about one third of the total
number of subjects in the previous meta-analysis [4, 17,
18]. Therefore, we aimed to provide an updated meta-anal-
ysis of prospective cohort studies to evaluate the associa-
tion between tea consumption and colorectal cancer risk.

Materials and methods
Literature search

We conducted a literature search in PubMed and Embase
up to June, 2019. The following search terms were used:
(1) “colorectal” or “colonic” or “colon” or “rectal” or
“large bowel”; (2) “neoplasm” or “cancer” or “carcinoma”
or “tumor”’; (3) “tea”; (4) “cohort studies” or “prospective
studies”. These search themes were combined using “and”
without restrictions. The articles satisfying the exposure,
outcome, and study design criteria were pulled.

Study selection

Studies were selected for meta-analysis if they meet the
following criteria: (1) published as an original article;
(2) belonged to prospective cohort study; (3) evaluated the
association between tea consumption and colorectal cancer
risk; (4) provided the quantity of participants or person-
years; (5) supplied the relative risk (RR) value with cor-
responding 95% confidence intervals (CIs) for highest vs.
lowest level of tea consumption. Meanwhile, studies were
excluded if they satisfy at least one of the following char-
acteristics: (1) review article; (2) case—control study; (3)
animal trials; (4) less than one year of follow-up; (5) no
quantitative analysis on tea consumption, colorectal cancer
risk, RR values or 95% Cls.

Data extraction and quality assessment

The search, data extraction, and quality assessment were
completed independently by two reviewers (M.Z. and D.L.).
Any discrepancies between the two reviewers were resolved
by consultation with the third reviewer (F.Z.). Data were col-
lected using a standardized extraction form. The following
information was collected: (1) first author’s last name, (2)
population of country, (3) case/participants, (4) follow-up
period, (5) tea consumption (highest vs. lowest), (6) exposure
level, (7) tea type, (8) gender, (9) cancer site, (10) adjusted
RRs and corresponding 95% Cls for extreme categories of
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exposure, (11) adjustment confounding variables. Study qual-
ity was evaluated according to the Newcastle—Ottawa quality
assessment scale [19]. Eight domains were evaluated in each
included study as follows: representativeness of the exposed
cohort; selection of the non-exposed cohort; ascertainment of
exposure; interest of the outcome at start of study; compara-
bility of cohorts on the basis of the design or analysis; assess-
ment of outcome; follow-up duration; adequacy of follow up
of cohorts. A possible score between 0 and 9 was acquired
by each study. Score >7 and <5 were defined as high quality
and low quality, respectively.

Statistical analysis

Data were analyzed by Stata version 12.0 (State Corpora-
tion, College Station, TX, USA). The combined RR was
calculated by pooling RRs for highest vs. lowest categories
of tea consumption from each study. Heterogeneity of effect
size across the studies was examined using the Cochran’s Q
test and /” statistics. I statistic from 0 to 30% was defined as
no or marginal heterogeneity, 30-75% as mild heterogeneity,
and over 75% as notable heterogeneity [20]. The random
effect model was used only when there existed significant
heterogeneity; otherwise, the fixed effect model was used for
further analysis [21]. The causes of heterogeneity were fur-
ther explored through stratified and meta-regression analy-
sis. The potential confounders included geographic region,
tea type, cancer site, quality score, and adjustment for age,
smoking, and coffee. Sensitivity analysis was performed
to test the robustness of main results. Publication bias was

Fig.1 Flow diagram of

visually evaluated for any asymmetry of the funnel plots.
The funnel plots were further checked with Egger’s regres-
sion asymmetry test and Begg’s adjusted rank correlation
test, and the statistical significant was set to P <0.05 [22].

Results

Search results, study characteristics, and quality
assessment

Detailed process of the relevant study selection was shown
in Fig. 1. A total of 208 articles were initially screened from
PubMed and Embase. 156 of 208 articles were excluded
because they were obviously irrelevant to the current meta-
analysis by a careful review of the title and abstract. Then we
screened the remaining 52 full-text articles. 32 of 52 articles
were excluded because of no available data on tea consump-
tion, colorectal cancer risk, RR values or 95% Cls. Finally,
20 articles involving 2,068,137 participants and 21,437
cases of colorectal cancer were recruited for meta-analysis
[4, 10-13, 18, 23-36]. The characteristics of the 20 studies
were summarized in Table 1. Four studies were conducted in
Europe (332,300 participants and 3778 cases), five in North
America (731,273 participants and 10,015 cases), and eleven
in Asia (1,004,564 participants and 7644 cases). As shown
in Table 1, the quality scores of all studies ranged from 3
to 8. Nine studies were considered to have medium or low
quality, and eleven studies had high quality.

included studies

Articles identified through PubMed and
Embase searching (n = 208)

A

Articles screened

Excluded after title/abstract review
(n=156)

(n=208)

f Excluded:

Full-text articles assessed for eligibility (n

No available data on tea
=52) >

consumption, colorectal cancer risk,

RR values or 95% CIs (n = 32)

A4

Articles included in meta-analysis

(n=20)

[ Included ] [ Eligibility ] [ Screening ] [Identiﬁcation]
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Table 1 (continued)

Study

Adjustment factors

Adjusted RR
(95% CI)

Cancer site

Gender

Exposure Tea type

Case/participants ~ Follow-  Tea consumption
level

Popula-

Study [References]

quality

up (year) (highest vs. lowest)

tion of

country

5

Education, occupation, marital status, household

1.19 (1.01-1.40)

Tea (unclear) Both Colorectum

5

>4.0 g/day vs.<less

2267/455,981 10.1

China

Lietal. [4]

income, physical activity, intakes of red meat,
fresh fruits and vegetables, body mass index,

than weekly

waist-hip ratio, family history of cancer, and

prevalent diabetes

Tea consumption and colorectal cancer risk

As shown in Fig. 2, the multivariable-adjusted RRs from
twenty studies were extracted. A fixed effect model was used
for the calculation of the combined RR due to the marginal
heterogeneity (I>=24.0%, P=0.093). The combined RR was
determined to 0.97 (95% C10.94-1.01) by comparing high-
est vs. lowest tea consumption levels against colorectal can-
cer. This indicated that tea consumption had no statistically
significant association with colorectal cancer risk.

Subsequently, we stratified the studies by geographic
region, tea type, cancer site, quality score, and adjustment
for age, smoking, and coffee (Table 2). No statistically sig-
nificant differences were found in these subgroups. The one-
out sensitivity analysis demonstrated that the RRs and CIs
values were 0.97-0.99 and 0.93-1.03, respectively. This
indicated that the main result was robustness. Besides, the
factors including geographic region, tea type, cancer site,
quality score, and adjustment for age, smoking, and coffee,
were taken into consideration for meta-regression analysis.
As shown in Table 3, the P values ranged from 0.566 to
0.903, which indicated that none of them were the potential
source of heterogeneity.

Gender-specific meta-analyisis for the association
between tea consumption and colorectal cancer risk

Thirteen studies were used for the meta-analysis on the asso-
ciation between tea consumption and colorectal cancer risk
in female [11, 18, 24, 26, 28-33, 35-37]. The fixed effect
model was used for calculating the combined RR due to the
homogeneity (=0, P=0.918). As shown in Fig. 3a, the
combined RR was determined to 0.93 (95% C10.86-1.00) by
comparing highest vs. lowest tea consumption levels against
colorectal cancer in female. Thus, there was a marginal sig-
nificant inverse association between tea consumption and
colorectal cancer risk in female. Further, we found a stronger
inverse association between tea consumption and risk of
colorectal cancer among studies with no adjustment of cof-
fee intake (RR: 0.90; 95% CI 0.82-1.00, P <0.05) compared
to studies that adjusted for coffee intake (RR: 0.97; 95% CI
0.87-1.09, P>0.05). Nevertheless, no statistically signifi-
cant differences were found in other subgroups, including
geographic region, tea type, cancer site, quality score, and
adjustment for age and smoking (Table 2).

Besides, eleven studies were used for the meta-analysis
on the association between tea consumption and colorectal
cancer risk in male [10, 11, 25, 28-31, 33, 35-37]. As shown
in Fig. 3b, the combined RR was determined to 0.97 (95%
CI0.90-1.04) with mild heterogeneity (P=45.0%, P=0.007),
indicating that no significant association was observed between
tea consumption and colorectal cancer risk in male. Stratified
analysis showed that no statistically significant differences
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Fig.2 Forest plot of tea con-
sumption and colorectal cancer
risk in both genders combined.
T total group, M male, F female,
B black tea, G green tea, U
unclear tea, CC colon cancer,
RC rectal cancer, CRC colorec-
tal cancer

were found by geographic region, tea type, cancer site, quality
score, and adjustment for age, smoking, and coffee (Table 2).
When we omitted one study in each turn, the RRs and ClIs val-
ues were 0.97-1.02 and 0.89-1.10, respectively, indicating the
main result was robustness. Meta-regression analysis showed
that geographic region, quality score, and adjustment for age
and coffee may be the causes of heterogeneity (Table 2). How-
ever, the stratified analysis in male suggested that the four fac-
tors were not heterogeneous sources.

Publication bias

The funnel plot was visually symmetrical, indicating no publi-
cation bias. This result was further confirmed by Begg’s rank
correlation test and Egger’s tests on whole groups (Begg’s
test P=0.116; Egger’s test P=0.181), female (Begg’s test
P=0.254; Egger’s test P=0.170), and male (Begg’s test
P=0.895; Egger’s test P=0.517) (Fig. 4).

@ Springer

Study %
D RR (95% CI) Weight
Goldbohm{1996) T B CRC —_— 0.94 (0.68, 1.34) 1.02
Zheng(1996) W U CC ——:— 0.71 (0.45, 1.11) 0.63
Zheng(1996) WU RC T 0.70 (0.34, 1.48) 0.24
Hartman(1998) M U CC I —— 2 09 (1.34, 3.26) 0.64
Hartman(1988) M U RC - 0.87 (0.47, 1.60) 0.34
Nagano(2001) TG CC —— 1.00 (0.76, 1.40) 1.37
Nagano(2001) T G RC 1 1.30 (0.77. 2.10) 0.51
Temy(2001) W U CRC —_— 0.98 (0.64, 1.51) 0.69
Su(2002) Cohort-1 TUCC —o—:i— 0.85 (0.56, 1.30) 0.72
Su(2002) Cohort-2 TUCC -+ 0.59 (0.35, 1.00) 0.48
Michels(2005) T U CRC —_— 1.01(0.83, 1.22) 3.43
Michels(2005) T U CC —?—0—— 1.07 (0.86, 1.33) 268
Suzuki(2005) Cohort-1 TG CC —— 1.03 (0.65, 1.64) 0.59
Suzuki(2005) Cohort-1 T G RC 1.34(0.77. 2.33) 0.42
Suzuki(2005) Cohort-2 T G CC —_— 0.93 (0.59, 1.48) 0.62
Suzuki(2005) Cohort-2 T G RC - . 0.57 (0.34, 0.95) 0.48
Suzuki(2005) Cohort1+2 T G CC —— 0.97 (0.70, 1.35) 1.18
Suzuki(2005) Cohort1+2 T GRC —_— 0.85 (0.58, 1.23) 0.90
Oba(2008) M U CC —_— 0.75(0.49, 1.16) 0.69
Oba(20068) WU CC ——— 1.08 (0.67, 1.76) 0.55
Sun{2007) T GCRC —_— 1.18 (0.97, 1.45) 3.15
Sun(2007) T B CRC —s 0.92(0.73, 1.16) 2.38
Sun(2007) T U CRC —— 1.07 (0.89, 1.29) 3.70
Lee(2007) M G CRC —— 0.96 (0.71, 1.29) 1.43
Lee{2007) WG CRC —_— 1.02(0.70, 1.47) 0.93
Yang(2007) W G CRC > ! 0.56 (0.32, 0.98) 0.41
Suzuki(2009) T G CRC —— 0.95 (0.84, 1.08) 8.07
Simons(2010) M U CRC I 0.92(0.75, 1.13) 3.03
Simons(2010) W U CRC 0.92(0.74, 1.14) 2.73
Yang(2011) M G CRC _— 0.77 (0.59, 1.01) 1.76
Sinha(2012) T UCRC —— 0.97 (0.90, 1.05) 21.45
Sinha(2012) TUCC —_—— 0.99 (0.91, 1.08) 17.37
Sinha(2012) TURC —— 0.92(0.80, 1.07) 6.03
Nechutas(2012) W U CRC —_— 0.86(0.63, 1.18) 1.29
Dominianni(2013) T UCRC —_— 0.77 (0.55, 1.09) 1.09
Dominianni(2013) TURC : 0.70 (0.33, 1.46) 0.23
Wada(2019) M G CRC —— 0.92(0.65, 1.30) 1.08
Wada(2019) W G CRC —_— 1.03(0.72, 1.49) 0.96
Li(2019) T U CRC | 1.19(1.01, 1.40) 4.78
Overall (l-squared = 24.0%, p =0.093) ¢ 0.97 (0.94, 1.01) 100.00
i
I I
307 1 3.26
Discussion

Strong evidences from animal and cell experiments have
demonstrated that tea could inhibit the formation and pro-
liferation of colorectal cancer [38]. Some epidemiological
studies have also sought to reveal the association between
tea consumption and colorectal cancer risk in the last few
decades, but there was no consensus. Recently, Chen et al.
[17] reported a meta-analysis on the association between
tea consumption and colorectal cancer risk, which enrolled
both cohort studies and case—control studies. Their results
showed that the summary odds ratio (OR) of colorectal
cancer for the highest vs. lowest tea consumption was 0.93
(95% CI10.87-1.00) among all studies, which indicated
that tea consumption had an inverse impact on colorectal
cancer risk. Stratified analysis showed that tea, especially
green tea (OR=0.87, 95% CI10.76-0.98), had a protective
effect for female (OR =0.86, 95% CI0.78-0.94) and rectal
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Table2 Str at.iﬁed analysis of Group Number of  Adjusted RR (95% CI) P value Heterogeneity
tea consumption and colorectal studies
cancer risk Py
I P value
Both genders combined
Geographic region
Europe 0.99 (0.87-1.11) 0.81 58.50% 0.03
North America 5 0.96 (0.92-1.01) 0.11 4.40% 0.4
Asia 11 0.99 (0.93-1.05) 0.73 21.80% 0.18
Tea type
Tea (unclear) 12 0.98 (0.94-1.02) 0.34 36.80% 0.05
Green tea 0.96 (0.89-1.04) 0.3 16.00% 0.27
Black tea 0.93 (0.76-1.12) 0.44 0.00% 0.92
Cancer site
Colorectum 14 0.98 (0.93-1.02) 0.14 13.30% 0.29
Colon 8 0.99 (0.92-1.06) 0.74 43.60% 0.05
Rectum 0.91 (0.81-1.02) 0.11 14.10% 0.32
Quality score
Low score (3-4) 0.92 (0.82-1.04) 0.19 2.60% 0.36
Medium score (5-6) 1.06 (0.97-1.15) 0.19 46.40% 0.05
High score (7-8) 11 0.98 (0.94-1.03) 0.05 0.90% 0.45
Adjustment for age
Yes 16 0.97 (0.93-1.00) 0.08 24.50% 0.1
No 4 1.02 (0.93-1.11) 0.67 20.30% 0.29
Adjustment for smoking
Yes 16 0.97 (0.94-1.01) 0.16 5.90% 0.37
No 4 0.97 (0.81-1.15) 0.7 68.70% 0.01
Adjustment for coffee
Yes 7 0.99 (0.92-1.08) 0.89 0.00% 0.72
No 13 0.97 (0.93-1.00) 0.12 43.60% 0.02
Female
Geographic region
Europe 3 0.92 (0.79-1.08) 0.32 0.00% 0.67
North America 0.99 (0.78-1.24) 0.3 21.80% 0.26
Asia 0.954 (0.84-1.05) 0.25 21.80% 0.95
Tea type
Tea (unclear) 8 0.93 (0.85-1.02) 0.1 0.00% 0.79
Green tea 5 0.96 (0.83-1.11) 0.55 0.00% 0.72
Black tea 0.88 (0.63-1.22) 0.43 0.00% 0.51
Cancer site
Colorectum 8 0.93 (0.84-1.03) 0.16 0.00% 0.89
Colon 10 0.94 (0.83-1.08) 0.38 0.00% 0.68
Rectum 9 0.92 (0.76-1.12) 0.41 0.00% 0.5
Quality score
Low score (3—4) 0.77 (0.48-1.04) 0.08 0.00% 0.97
Medium score (5-6) 0.96 (0.84-1.10) 0.53 0.00% 0.51
High score (7-8) 0.94 (0.85-1.03) 0.16 0.00% 0.93
Adjustment for age
Yes 11 0.93 (0.86-1.01) 0.08 0.00% 0.85
No 2 0.94 (0.74-1.19) 0.08 0.00% 0.72
Adjustment for smoking
Yes 10 0.94 (0.86-1.02) 0.13 0.00% 0.84
No 3 0.92 (0.78-1.08) 0.29 0.00% 0.73
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Table 2 (continued)

Table 3 Meta-regression
analysis

@ Springer

Group Number of  Adjusted RR (95% CI) P value Heterogeneity
studies
P P value

Adjustment for coffee

Yes 0.97 (0.87-1.09) 0.53 0.00% 0.97

No 0.90 (0.82-1.00) 0.04 0.00% 0.53
Male
Geographic region

Europe 3 1.01 (0.88-1.17) 0.86 64.10% 0.02

North America 2 0.99 (0.78-1.24) 0.9 49.70% 0.09

Asia 6 0.95 (0.87-1.04) 0.26 39.20% 0.06
Tea type

Tea (unclear) 6 1.01 (0.90-1.13) 0.88 58.30% 0.01

Green tea 5 0.94 (0.84-1.04) 0.22 39.80% 0.08

Black tea 2 0.95 (0.75-1.21) 0.7 12.00% 0.32
Cancer site

Colorectum 6 1.00 (0.91-1.10) 0.97 48.80% 0.06

Colon 9 0.92 (0.79-1.07) 0.29 62.20% 0.01

Rectum 8 0.92 (0.78-1.10) 0.29 0.00% 0.45
Quality score

Medium score (5-6) 6 0.96 (0.88-1.06) 0.45 49.80% 0.02

High score (7-8) 5 0.98 (0.87-1.09) 0.66 44.30% 0.04
Adjustment for age

Yes 9 0.96 (0.90-1.04) 0.98 54.10% 0

No 2 1.00 (0.83-1.22) 0.34 0.00% 0.78
Adjustment for smoking

Yes 9 0.96 (0.89-1.03) 0.28 23.50% 0.16

No 2 1.14 (0.83-1.55) 0.43 82.30% 0
Adjustment for coffee

Yes 6 1.01 (0.92-1.12) 0.74 42.50% 0.18

No 5 0.92 (0.82-1.02) 0.1 57.50% 0.01
Variable Coefficient Standard error Tau (z) P value 95% CI
Both genders combined
Geographic region —0.0148554 0.0563059 026 0.794  —0.1296920  0.0999812
Tea type —0.0105844 0.0652244 —-0.16 0872 —0.1436104  0.1224417
Cancer site —0.0090268 0.0447767 —-020 0.842 —0.1003494  0.0822958
Quality score —0.0150403 0.0704813 -021 0832 —0.1587879  0.1287074
Adjustment for age —0.0587914 0.1143232 —-051 0611 —0.2919552  0.1743723
Adjustment for smoking — 0.0140577 0.1141373 —-0.12 0903 —0.2468423  0.2187269
Adjustment for coffee 0.0448890 0.0774650 0.58 0566 —0.1131019  0.2028799
Male
Geographic region —0.4011830 0.1135544 —3.53 0.002 —-0.6397519 —0.1626140
Tea type 0.1199810 0.0882567 136 0.191  —0.0654394  0.3054015
Cancer site —0.0869423 0.0593382 - 147 0160 —0.2116071  0.0377226
Quality score —0.6047182 0.1837258 —-329 0.004 —0.9907118 —0.2187246
Adjustment for age 0.7428939 0.2559340 2.90 0.009 0.2051965 1.2805910
Adjustment for smoking 0.0609983 0.2030763 0.30 0.767 —0.3656491 0.4876457
Adjustment for coffee 0.8619959 0.2258530 3.82 0.001 0.3874963 1.3364950
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(a) (b)
Study % Study %
D RR(95%CI)  Weight D RR(95%CI)  Weight
|
Goldbohm(1996) B CC - 0.69(0.37,1.29) 144 Goldbohm(1996) B CC —_—— 1.01(053,1.91) 127
Goldbohm(1996) B RC - 0.71(0.29,172) 0.71 Goldbohm(1996) B RC —— 1.49(0.78,285) 124
Zheng(1996) U CC H 0.71(0.45,1.11) 276 Hartman(1998) U CC | ——— 2.09(1.34,3.26) 264
Zheng(1996) URC _ 0.70(0.34,1.46) 1.06 Hartman(1998) U RC 087 (047 1.60) 139
Termy(2001) U CRC . 0.98(0.64,1.51) 3.05 Su(2002) Cohort-1U CC — 1 053(0.26,1.11) 0.99
Terry(2001) U CC —_— 0.74(0.42,131) 174 | iy -
Ter(2001) U RC e 153077309 120 Su(2002) Cohot2UCC  mmmmmeeeeipeeee———o| 0.30(0.09,0.98) 037
Su(2002) Cohort-1 U CC —_—— 119(0.70,2.03) 198 Michels(2005) U CRC —_— 1.12(0.78,159) 411
Su(2002) Cohort-2 U CC _— 0.74(0.40,1.39) 145 Michels(2005) U CC —_— 1.05(0.69,159) 299
Michels(2005) U CRC —_— 0.96(0.76,1.22) 10.04 Michels(2005) U RC —t— 1.34(067,268) 1.08
Michels(2005) U CC - 1.08(0.83,1.39) 8.46 Suzuki(2005) Cohort1+2 G CC —_— 112(072,1.74) 268
g“c"i'?éggg?)cu ;“:ﬂ ve cc—‘—' g;"; Eg igv (1) gg; ;:g Suzuki(2005) Cohort1+2 G RC 0.62(0.38,1.02) 214
uzuki ohort1+: —_— .49, . i
Suzuki(2005) Cohort1+2 G RC _ 1.30(0.70,2.42) 1.46 0ba(2006)U cC 1 075(049,1.16) 281
00a(2008)U OC PR P 108067, 176) 241 Sun(2007) G CRC — 1.36(1.06,1.74) 8.49
Sun(2007) G CRC _— 091(063,132) 411 Sun(2007) B CRC — 0.87 (0.66,1.15) 6.76
Sun(2007) B CRC —_— 1.03(0.67,1.57) 3.10 Sun(2007) U CRC — 1.18(0.93,150) 9.12
Sun(2007) U CRC —.-1— 0.92(0.67,125) 578 Lee(2007) G CRC —_— 0.96(0.71,1.29) 585
Yang(2007) G CRC B —— 0.56 (0.32,098) 1.79 Lee(2007) G CC —_— 092(0.63,1.33) 373
— &
Leel2007) 8 CRC i 1920701471 408 Lee(2007) GRC —_— 1.04(0.63,1.72) 207
L:::ZDD?; GRC —..__:_: 085 50'45' 1 51; 138 Simons(2010) U CRC — 092(0.75,113) 1241
Simons(2010) U CRC - 0.92(0.74, 1.14) 1204 Simons(2010) URC — 0.85(0.63,1.16) 559
Simons(2010) URC —_— 1.00 (0.66, 1.51) 3.28 Yang(2011) GCRC :l 0.77(059,1.01) 7.1
Nechutas(2012) U CRC - 0.86(0.63, 1.18) 571 Yang(2011) G CC 0.69(0.48,0.98) 4.09
Nechutas(2012) U CC 0.85(0.56,127) 335 Yang(2011) G RC — 0.89(0.59,1.34) 3.10
Nechutas(2012) URC 0.89(0.55,1.43) 246 Wada(2019) G CRC - 0.92(0.65,1.30) 4.34
Wada(2019) G CRC —_— 1.03(0.72,1.49) 4.25 Wada(2019) G CC — 078(049,122) 251
m::gg:g; g gg — ;gg Eg'gg' . gg f‘% Wada(2019) G RC —_t 121(070,290) 103
—_— .50, : _ _
Overall (-squared = 0.0%, p = 0.918) ﬂ 0.93(0.86, 1.00) 100.00 Overall (-squared =45.0%, p =0.007) (I 0.97(0.90,1.04)  100.00
j |
T T T T T
29 1 345 09 1 111

Fig.3 Forest plot of tea consumption and colorectal cancer risk in female (a) and male (b). B black tea, G green tea, U unclear tea, CC colon

cancer, RC rectal cancer, CRC colorectal cancer

cancer patients (OR=0.91, 95% C10.85-0.99). Neverthe-
less, all ORs and 95% CIs were close to 1, suggesting that
tea consumption was just a slightly prevention strategy
for colorectal cancer. Further, they recruited case—control
studies for meta-analysis, which might be influenced by
recall bias and reverse causality [16].

In the present study, we provided a meta-analysis based
on prospective cohort studies to evaluate the association
between tea consumption and colorectal cancer risk. Par-
ticipants recruited in our meta-analysis was up to about 2
million, outpacing the previous meta-analysis by more than
about 0.5 million [17]. Thus, our meta-analysis could offer
more precise and credible risk estimate than the previous
meta-analysis. We found that highest vs. lowest level of
tea consumption was not associated with a decreased risk
of colorectal, colon, or rectal cancer. It is also worth not-
ing that the differences of morbidity and pathogenesis of
colorectal cancer exist between men and women, which
may lead to potential differences of tea consumption on the
prevention of colorectal cancer [1-3]. So, we further con-
ducted the gender-specific meta-analysis for deriving a more
precise estimation. No significant association was observed
between tea consumption and colorectal cancer risk in male.
However, tea consumption had a marginal significant inverse
impact on colorectal cancer risk in female.

Several limitations should be taken into consideration for
our study. First, some studies included in our meta-analy-
sis had certain weakness in experimental design, such as
non-stratification of tea type and caner site. Additionally,
although some important confounding factors including

gender, age, and smoking were included in the most of
studies, some other potentially important variables, such as
coffee, alcohol, and fruits, were ignored in some studies.
Besides, colorectal cancer is an extremely complicated and
heterogeneous disease, which is well-known for remarkable
global variations in etiology and morbidity [1-3]. Hetero-
geneity could not be fully eliminated in the present meta-
analysis. The results obtained in the present study should be
considered cautiously due to the existence of confounding
factors. Second, measurement error in dietary assessment
is an inherent problem [39]. The methods for measuring tea
consumption in the included studies were different, which
may result in the deviation of risk estimate values and con-
founding factors. In fact, we detected marginal to moder-
ate heterogeneity among all studies. Third, the sample size
of Asians in the present meta-analysis was relatively large
due to the popularity of tea in Asia, especially in China and
Japan, resulting in the potential selection bias [4, 18]. The
results should be cautiously extrapolated to the populations
in other countries.

Conclusions

Our finding suggests that tea consumption has no significant
impact on the colorectal cancer risk in both genders com-
bined, but gender-specific meta-analysis indicates that tea
consumption has a marginal significant inverse impact on
colorectal cancer risk in female. Large prospective cohort
studies are warranted to reach a more definitive conclusion
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(a) Begg's funnel plot with pseudo 95% confidence limits
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Fig.4 Begg’s funnel plot. a Both genders combined; b male; ¢ female

on the association between tea consumption and colorectal
cancer risk.
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