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Epidemiology

Tea consumption and gastric cancer: a pooled analysis from the
Stomach cancer Pooling (StoP) Project consortium
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BACKGROUND: Evidence from epidemiological studies on the role of tea drinking in gastric cancer risk remains inconsistent. We
aimed to investigate and quantify the relationship between tea consumption and gastric cancer in the Stomach cancer Pooling
(StoP) Project consortium.

METHODS: A total of 9438 cases and 20,451 controls from 22 studies worldwide were included. Odds ratios (ORs) and the
corresponding 95% confidence intervals (Cls) of gastric cancer for regular versus non-regular tea drinkers were estimated by one
and two-stage modelling analyses, including terms for sex, age and the main recognised risk factors for gastric cancer.
RESULTS: Compared to non-regular drinkers, the estimated adjusted pooled OR for regular tea drinkers was 0.91 (95% Cl:
0.85-0.97). When the amount of tea consumed was considered, the OR for consumption of 1-2 cups/day was 1.01 (95% Cl:
0.94-1.09) and for >3 cups/day was 0.91 (95% Cl: 0.80-1.03). Stronger inverse associations emerged among regular drinkers in
China and Japan (OR: 0.67, 95% Cl: 0.49-0.91) where green tea is consumed, in subjects with H. pylori infection (OR: 0.68, 95% ClI:
0.58-0.80), and for gastric cardia cancer (OR: 0.64, 95% Cl: 0.49-0.84).

CONCLUSION: Our results indicate a weak inverse association between tea consumption and gastric cancer.
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INTRODUCTION

Tea is the most consumed beverage in the world after water, with
an estimated global consumption of about 6.3 billion kilograms in
2020 and an estimated increase of 17.4% by 2025 [1]. Tea is made
from the dried leaves of the Camellia sinensis plant and its
different types, mainly green tea, black tea, oolong tea and white
tea, depending on the level of fermentation of the leaves.

In vitro and in vivo studies suggest that tea polyphenols have
beneficial effects on inflammation and the prevention of chronic
diseases, including certain cancers, diabetes and cardiovascular
diseases [2]. However, studies on the association between tea
consumption and gastric cancer showed conflicting results [3-15].
Recent meta-analyses, based on data from both cohort and case-
control studies, including between 5430 and 23,764 cases of
gastric cancer, found weak evidence to support an association
between tea drinking and gastric cancer risk [16-18]. A few studies
of tea and gastric cancer by anatomic location or histological type
have been performed in the last decade [19, 20]. The most recent
report from the World Cancer Research Fund and the American
Institute for Cancer Research (WCRF/AICR) on non-alcoholic drinks
and the risk of cancer concluded that there is too limited evidence
to conclude the potential protective effect of tea consumption on
gastric cancer [21].

Therefore, to evaluate whether tea consumption is associated
with gastric cancer risk, we carried out an individual participant
pooled analysis of studies included in a global consortium, the
Stomach cancer Pooling (StoP) Project [22].

METHODS

Study population

This study was based on the third release (v 3.2) of the StoP Project
dataset, which includes 34 case-control (CC) studies or nested within
cohort case-control (NCC) studies, for a total of 13,121 cases of gastric
cancer and 31,420 controls. The StoP Project is a consortium of
epidemiological studies on gastric cancer that was initiated in July 2012.
Its main objective is to analyse the role of lifestyle and genetic factors in
gastric cancer risk through pooled analyses of individual data following the
collection and validation of the original study datasets [22]. Principal
investigators of potentially relevant studies were invited to participate in
the StoP Project and share original data, such as demographic, lifestyle and
clinical variables, including information on known and suspected risk
factors for gastric cancer. All datasets were harmonised at the pooling
centre (University of Milan) according to a pre-specified format. The StoP
Project received ethical approval from the Review Board of the University
of Milan (reference 19/15 on 01/04/2015).

For the present analyses, data from 22 studies with information on tea intake
(any type of tea) were used, including 9438 gastric cancer cases and 20,451
controls from Greece (two studies [23, 24])), Italy (three studies [25-27]), Canada
[28], Russia [29], Portugal [30], USA (three studies [31-33]), Spain [34], Japan
[35], Mexico [36], Brazil (three studies [37-39)), Iran [40] and China (four studies
[5, 41-43]). The studly Italy 3 [44] was excluded from the present analysis due to
a high proportion (i.e. >60%) of missing values in tea consumption.

Tea consumption

We searched the original datasets and questionnaires of each study for any
information on tea intake, including total tea, green tea, black tea and/or
other types of tea. Dietary habits were assessed by food frequency
questionnaires (FFQs) (interview-administered or self-administered) focus-
ing on food and beverage consumption before gastric cancer diagnosis
(for cases), the onset of disease, hospital admission (for hospital-based
controls) or recruitment (for population-based controls).

Participants were asked about their tea-drinking habits (drinkers or non-
drinkers), the frequency, the amount of tea consumed, the temperature of
tea drinking (in six studies), how strong the tea was (in four studies) and
the specific types of tea consumed (in eight studies). When information on
different types of tea consumption was collected separately, we
considered the combined intake. Tea consumption was expressed in the
standard unit of cups per day for all studies by considering the number of
cups or times tea was consumed or the frequency of consumption
specified in each study. When tea intake was indicated in categories of
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consumption, the amount of tea consumed was converted into cups
per day by considering the average number of teacups or times tea was
consumed and dividing it by the number of days considered. Total tea
consumption was categorised as non-regular tea drinkers (no tea at all for
the studies: Italy 1 [26], China 1 [5], Italy 4 [25], Canada [28], China 2 [41],
Russia [29], China 3 [42], China 4 [43], Portugal [30], Mexico 1 [36], USA 3
[33], USA 4 [31], Brazil 3 [39] or less than one cup/day for the studies: Italy 2
[27], Greece 1 [24], USA 1 [32], Spain 2 [34], Brazil 1 [38], Brazil 2 [37] and
Greece 2 [23]) and tea drinkers as those who consumed at least one cup/
day. For studies Iran 1 [40] and Japan 3 [35], since tea consumption was
reported more frequently compared to the other studies, non-regular
drinkers were considered those with consumption of fewer than three
cups/day and less than two cups/day, respectively, based on the
distribution of tea consumption in these studies. In studies where
information on the amount and frequency of tea consumed was available,
we further grouped regular drinkers as follows: =1 to <2 cups/day, =2 to <3
cups/day and =3 cups/day. Additionally, we considered the study-specific
levels of consumption, which were computed based on the distribution of
tea consumption for each study, namely non-regular tea drinkers
(including non-tea drinkers), low, moderate and high tea consumption.
Tea-drinking temperature was assessed as cold or warm, hot or very hot
and the strength of tea as strong or very strong and regular or light.

Statistical analysis

We used both a two-stage and a one-stage modelling analysis to estimate
the association between tea consumption (regular versus non-regular) and
gastric cancer.

We used a two-stage analysis to include the studies that provided
original individual data and locally computed estimates, namely the study
Greece 2 [23]. For each study, we estimated the odds ratios (ORs) and the
corresponding 95% confidence intervals (Cls) between regular tea drinkers
compared to non-regular tea drinkers and gastric cancer using multi-
variable conditional or unconditional logistic regression models, as
appropriate. In the second stage, the summary (pooled) effect estimates
were obtained through a random-effect model [45]. The heterogeneity
between studies in the two-stage analysis was quantified through the
statistic [46].

In the one-stage analysis, we estimated the pooled ORs and the
corresponding 95% Cls of gastric cancer across the categories of tea
consumption using generalised linear mixed-effects models with a logistic
link function and a random intercept for each study. We estimated the
p-values for trends to test for the significance of linear trends across levels
of tea consumption, i.e. considering the variable as ordinal in the models.
Further, we assessed the dose-response relationship between cups of tea
(continuously) and gastric cancer using a one-stage linear random-effects
model with natural cubic splines and three knots at fixed percentiles of tea
consumption (50, 75 and 90th) [47].

We also used the one-stage analysis to evaluate the association between
tea consumption and gastric cancer across strata of selected covariates. We
estimated the effect of tea consumption (regular versus non-regular tea
drinkers) across strata of geographic area, sex, age group (<65 years, =65
years), socioeconomic status (low, intermediate, high) based on education
level, income or occupation in each original study, smoking (never
smokers, former smokers, current smokers), alcohol drinking (<1 drink/day,
1-3 drinks/day, =4 drinks/day, where 12 g of alcohol is 1 drink), vegetable
and fruit intake (low, intermediate, high), salt intake (low, intermediate,
high), family history of gastric cancer (no, yes), Helicobacter pylori (Hp)
infection (no, yes as defined by serology), type of controls (hospital-based,
population-based), study design (CC studies, NCC studies), cancer
anatomical site (cardia, non-cardia) and histological type (intestinal,
diffuse, mixed/unspecified). The studies from China and Japan were also
analysed separately since green tea is the most consumed type of tea in
those countries. For the strata of Hp infection, we did not include the Spain
2 study [34] since the information was only collected for cases. For cancer
anatomical site (cardia and non-cardia) and histological type (intestinal,
diffuse and mixed/unspecified by Lauren classification), we used multi-
nomial mixed-effects models to estimate the ORs for each type of gastric
cancer and histological type separately. The heterogeneity across strata
was assessed through the Q test statistics.

As a sensitivity analysis, to avoid misclassification bias, we performed a
one-stage analysis for the association between tea consumption and
gastric cancer, excluding the studies Iran 1 [40] and Japan 3 [35] where
non-regular drinkers were defined as those who consumed at least two
cups per day. All models (two- and one-stage analyses) were adjusted for
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Table 1. Main characteristics of gastric cancer cases and controls® in
the Stomach cancer Pooling (StoP) Project consortium.

Cases Controls
N % N %
Total 9438 100.0 20,451 100.0
Study center
Europe 3750 39.7 7030 34.4
Greece 1 [24] 110 1.2 100 0.5
Greece 2 [23] 82 0.9 410 2
Italy 1 [26] 769 8.1 2081 10.2
Italy 2 [27] 230 24 547 2.7
Italy 4 [25] 1016 10.8 1159 5.7
Portugal [30] 692 7.3 1667 82
Russia [29] 450 4.8 611 3
Spain 2 [34] 401 4.2 455 2.2
Asia 1686 17.9 2789 13.6
China 1 [5] 266 2.8 533 2.6
China 2 [41] 206 22 415 2
China 3 [42] 711 7.5 711 3.5
China 4 [43] 133 1.4 433 2.1
Iran 1 [40] 217 23 394 1.9
Japan 3 [35] 153 1.6 303 1.5
Americas 4002 424 10,632 52.0
Brazil 1 [38] 226 24 226 1.1
Brazil 2 [37] 93 1 186 0.9
Brazil 3 [39] 368 39 738 3.6
Canada [28] 1182 12.5 5039 246
Mexico 1 [36] 248 2.6 478 23
USA 1 [32] 132 1.4 132 0.6
USA 3 [33] 170 1.8 502 25
USA 4 [31] 1583 16.8 3331 16.3
Sex
Men 6243 66.1 12,185 59.6
Women 3195 33.9 8266 404
Age
<40 312 33 1600 7.8
40-44 314 33 1212 5.9
45-49 542 5.7 1521 74
50-54 754 8.0 1781 8.7
55-59 1083 11.5 2214 10.8
60-64 1450 154 2828 13.8
65-69 1846 19.6 3532 17.3
70-74 1902 20.1 3408 16.7
275 1235 13.1 2342 11.5
Socioeconomic status (study-specific)
Low 4704 50.6 7529 373
Intermediate 3107 334 7451 36.9
High 1478 15.9 5215 25.8
Tobacco smoking
Never 3736 41.2 9033 453
Former 3100 34.2 6372 320
Current
Low 547 6.0 1364 6.8
Intermediate 929 10.3 1812 9.1
High 744 8.2 1344 6.7
Alcohol drinking (g/day)?
Never 2602 313 5997 325
<1 drink/day 2075 25.0 5964 324

Table 1. continued
Cases Controls
N % N %
1-3 drinks/day 2387 28.7 4388 238
>4 drinks/day 1249 15.0 2069 11.2
Vegetable and fruit intake (study-specific tertiles)
Low 2862 31.1 5829 29.3
Intermediate 3087 336 6784 34.2
High 3250 353 7248 36.5
Salt intake (study-specific tertiles)
Low 2957 40.4 7202 41.7
Intermediate 2529 34.6 5675 328
High 1830 25.0 4413 255
Family history of gastric cancer®
No 3541 81.6 7220 91.6
Yes 800 184 658 83
H. pylori infection
No 754 333 1361 31.9
Yes 1511 66.7 2900 68.1
Type of controls®
Hospital-based 3198 339 5912 289
Population-based 6240 66.1 14,539 71.1
Study design”
Case-control 7773 824 16,710 81.7
Nested case-control 1665 17.6 3741 18.3
Subsite’
Cardia 1607 284 20,451 100.0
Non-cardia 4057 71.6 20,451 100.0
Histological type/
Intestinal 1897 29.3 20,451 100.0
Diffuse 1218 18.8 20,451 100.0
Mixed/unspecified 3368 51.9 20,451 100.0

For some variables, the sum does not add to the total because of missing
values in age (13 controls), social class (149 cases, 256 controls), tobacco
smoking (382 cases, 526 controls), alcohol drinking (281 cases, 889
controls), family history of gastric cancer (1025 controls, 2071 cases),
vegetable and fruit intake (106 cases, 157 controls) and salt intake (203
cases, 781 controls), or because the variables were not available for some
studies.

The studies China 3 [42] and China 4 [43] did not collect data on alcohol
drinking.

“The study China 4 [43] did not collect data on vegetable and fruit intake.
%The studies Greece 1 [24], Greece 2 [23], China 3 [42] and ltaly 4 [25] did
not collect data on salt intake.

°The studies China 1 [5], Canada [28], China 3 [42], Mexico 1 [36], Greece 2
[23] and USA 4 [31] did not collect data on family history of gastric cancer.
The studies China 2 [41], Russia [29], Iran 1 [40], China 4 [43], Portugal [30],
Mexico 1 [36], Brazil 1 [38], Brazil 2 [37], Japan 3 [35] and Brazil 3 [39]
collected data on H. pylori infection. The study Spain 2 [34] was not
included because no information on H. pylori infection was available for
controls.

9The studies Italy 4 [25], Canada [28], China 2 [41], Iran 1 [40], China 3 [42],
China 4 [43], Portugal [30], Mexico 1 [36] and USA 3 [33] include
population-based controls.

PThe studies Greece 2 [23] and USA 4 [31] are nested case-control
studies (NCC).

The studies China 1 [5], China 2 [41], China 3 [42] and China 4 [43] did not
collect data on cancer subsite.

IThe studies Italy 1 [26], China 1 [5], Greece 1 [24], China 2 [41], China 3 [42],
China 4 [43], Japan 3 [35] and Greece 2 [23] did not collect data on
histological type.
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sex, 5-year age groups (<40, 40-44 to 70-74, =75 years), socioeconomic
status (study-specific low, intermediate, high), tobacco smoking (never
smoker, former smoker: stopped smoking for more than 1 year, current
smoker low: <10 cigarettes/day, current smoker intermediate: >10-20
cigarettes/day, current smoker high: >20 cigarettes/day), alcohol drinking
(never, low: <12 g/day, intermediate: >12 and <47 g/day, high: >47 g/day),
family history of gastric cancer (no, yes), salt intake (study-specific low,
intermediate, high) and vegetable and fruit intake (study-specific tertiles:
low, intermediate, high). Subjects with missing values in the study-specific
confounders were included in the models either as a separate category or
by including them in the lower categories of the variables when there was
a low proportion of missing (i.e. <1%).

RESULTS
Table 1 shows the distribution of sociodemographic character-
istics and the main lifestyle risk factors among gastric cancer cases
and controls. Cases were more frequently men (66.1% versus
59.6%), older (52.8% versus 45.4%, individuals =65 years old) and
had a lower socioeconomic status (50.6% versus 37.3%) than
controls. They were also more frequently high current smokers
(8.2% versus 6.7%), heavy drinkers (15.0% versus 11.2%) and had a
more frequent family history of gastric cancer (18.4% versus 8.3%).
Figure 1 shows the study-specific and adjusted pooled OR of
gastric cancer and the corresponding 95% Cls for regular tea
drinkers compared with non-regular drinkers. The one-stage
pooled OR was 0.91 (95% Cl: 0.85-0.97) for regular tea drinkers
compared to non-regular tea drinkers. The summary (pooled) OR
for gastric cancer obtained from the two-stage analysis was similar

G. Martimianaki et al.

to that obtained from the one-stage approach (OR: 0.92, 95% Cl:
0.82-1.05), and with an estimated heterogeneity of I = 62%. The
summary estimates from the two-stage analysis did not change
when study Greece 2 [23] was excluded.

The distribution of cases and controls according to the levels of
tea consumption and the adjusted pooled ORs of gastric cancer
from the one-stage analysis is given in Table 2. About 57.6% of
cases and 63.0% of controls reported ever consuming tea, with a
pooled OR of 0.91 (95% Cl: 0.85-0.97). Tea-drinking intensity was
collected in 18 studies, and 26.2% of cases and 30.6% of controls
reported consumption of >1 cup per day of tea. Compared with
non-regular tea drinkers, the one-stage adjusted pooled ORs were
1.03 (95% Cl: 0.94-1.12) for =1 to <2 cups per day, 0.98 (95% Cl:
0.88-1.10) for =2 to <3 cups per day and 0.91 (95% Cl: 0.80-1.03)
for >3 cups of tea per day, with a non-significant trend in risk (p =
0.27). Similar results were observed when data were analysed
through study-specific categories of tea consumption. A signifi-
cant inverse association with gastric cancer was found for subjects
consuming cold or warm tea compared to non-tea drinkers (OR:
0.65, 95% Cl: 0.53-0.79) as well as those consuming regular or light
tea (OR: 0.77, 95% Cl: 0.63-0.93), while a null association was
found for subjects consuming hot or very hot tea (OR: 1.04, 95%
Cl: 0.88-1.23) and strong or very strong tea (OR: 1.11, 95% Cl:
0.89-1.39).

Figure 2 shows the study-specific and one-stage adjusted
pooled OR of gastric cancer and the corresponding 95% Cls for
consumption of 1-2 cups of tea per day (a) and >3 cups of tea
per day (b) as compared with non-regular drinkers. The pooled

Study Exposed cases Controls OR [95% CI]

Italy 1 130 332 ——e— 1.14 (0.9, 1.44]
Italy 2 114 243 H—e— 1.29[0.94, 1.78]
Italy 4 487 539 i 1.12[0.94, 1.35]
Greece 1 63 46 e ! 1.18 [0.59, 2.36]
Russia 437 592 = . > 2.760.93, 8.18]
Portugal 336 1051 [ —— 0.51[0.39, 0.68]
Spain 2 16 18 ; - j 1.39 [0.64, 2.98]
Greece 2 61 273 b - | 0.68 [0.34, 1.35]
China 1 87 197 e 0.89 [0.63, 1.26]
China 2 98 223 e 0.78 [0.52, 1.19]
ran 1 178 353 | . . 0.5[0.29, 0.86]
China 3 243 266 —e—F 0.811[0.63, 1.04]
China 4 38 183 b . ! 0.39[0.21, 0.73]
Japan 3 125 271 | — 0.61[0.32,1.16]
Canada 856 3683 e 0.95[0.81, 1.11]
USA 1 103 105 — | 1.15[0.57, 2.33]
Mexico 1 157 294 —e— 0.92[0.66, 1.3]
Brazil 1 106 101 ——e— 1.2[0.8, 1.78]

Brazil 2 69 145 ! . | 0.91[0.48, 1.75]
USA 3 123 358 | 1.32[0.86, 2.02]
USA 4 1386 2974 —e—i 0.92[0.76, 1.11]
Brazil 3 179 393 —e—| 1.05[0.78, 1.41]
One-stage pooled estimate <> 0.91 [0.85, 0.97]
Two-stage pooled estimate (I = 62%) O 0.92[0.82, 1.05]

[ I T T I | 1
0.1 0.5 1 2 3 4 5
QOdds ratio

Fig. 1

Overall regular tea consumption and gastric cancer. Study-specific, adjusted pooled odds ratios (ORs) and corresponding 95%

confidence intervals (Cls) of gastric cancer for regular tea drinkers compared with non-regular tea drinkers in the Stomach cancer Pooling

(StoP) Project consortium.
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Distribution of gastric cancer cases and controls® according to tea-drinking habits, adjusted pooled odds ratios (ORs) and corresponding

Table 2.
95% confidence intervals (Cls) for gastric cancer in the Stomach cancer Pooling (StoP) Project consortium.
Cases
N %
Tea-drinking status®
Non-regular drinkers 3921 424
Regular drinkers 5331 576
Tea-drinking intensity®
Non-regular drinkers 5804 73.8
1 cup/day 920 11.7
2 cups/day 557 7.1
>3 cups/day 586 74
p-trend
Study-specific tea-drinking intensity®
Non-regular drinkers 3529 45.8
Low 2417 314
Moderate 979 12.7
High 776 10.1
p-trend
Temperature of tea drinking®
Non-tea drinkers 797 40.8
Cold/warm 372 19.0
Hot/very hot 786 40.2

Controls OR (95% CI)°

N %

7271 37.0 1

12,362 63.0 0.91 (0.85, 0.97)

12,303 69.4 1

2198 12.4 1.03 (0.94, 1.12)

1725 9.7 0.98 (0.88, 1.10)

1507 85 0.91 (0.80, 1.03)
0.27

7850 45.1 1

5246 30.1 0.92 (0.85, 0.99)

2432 14.0 0.98 (0.89, 1.07)

1879 10.8 0.90 (0.80, 1.01)
0.10

1132 36.5 1

929 30.0 0.65 (0.53, 0.79)

1041 336 1.04 (0.88, 1.23)

®For some variables, the sum does not add to the total because of missing values in tea-drinking status (104 cases, 408 controls), tea-drinking intensity (218
cases, 886 controls), study-specific tea-drinking intensity (94 cases, 211 controls) and tea-drinking temperature (85 cases, 195 controls).
POne-stage pooled ORs were estimated using a mixed-effects model adjusted for sex, age category, social class, smoking status, salt intake, vegetable and fruit

intake, alcohol intake and family history of gastric cancer.

“The study Greece 2 [23] only provided locally computed estimates and thus was not included in one-stage analyses.
9Information on tea-drinking intensity was not available for the studies Greece 1 [24], Russia [29], China 3 [42] and Greece 2 [23].
®Information on the temperature of tea drinking was available for the studies China 1 [5], China 2 [41], Russia [29], Iran 1 [40], USA 3 [31] and China 3 [42].

ORs were 1.01 (95% Cl: 0.94-1.09) for 1-2 cups/day (panel a) and
0.91 (95% Cl: 0.80-1.03) for =3 cups of tea per day (panel b). When
Iran 1 [40] and Japan 3 [35] studies were excluded from the
pooled analysis, the ORs for 1-2 cups/day were 1.06 (95% Cl:
0.92-1.22) and 0.81 (95% Cl: 0.62-1.07) for =3 cups/day. The
results from the stratified analysis of tea drinkers are presented in
Fig. 3. Heterogeneity was evident across categories of the
geographic area of the studies (Q=11.5, p<0.001), categories
of Hp infection (Q=5.7, p=0.017) and type of controls (Q = 8.5,
p = 0.003). A reduced risk was found in studies from Asia (OR: 0.62,
95% Cl: 0.48-0.81 for studies in China, Japan and Iran, OR: 0.67,
95% Cl: 0.49-0.91 for studies in China and Japan only), while null
associations emerged from the European and American studies.
An inverse association was found among subjects with Hp
infection while no association emerged among non-infected
subjects (OR: 0.68, 95% Cl: 0.58-0.80 versus OR: 0.96, 95% ClI:
0.76-1.22). An inverse relation for tea consumers—in the absence
of significant heterogeneity across strata—was evident for cardia
cancer (OR: 0.64, 95% Cl: 0.49-0.84), for non-cardia cancer (OR:
0.77, 95% Cl: 0.66-0.90), and intestinal histological type (OR: 0.76,
95% Cl: 0.63-0.92), while no associations were detected for diffuse
and mixed/unspecified histological types. The reduced risk was
restricted to studies using population-based controls (OR: 0.86,
95% Cl: 0.80-0.92). Results were similar in the CC (OR: 0.91, 95% Cl:
0.85-0.97) and NCC (OR: 0.92, 95% CI: 0.76-1.11) studies, but not
significant in the NCC studies.

Figure 4 shows the dose-response relationship between tea-
drinking intensity (as a continuous variable) and gastric cancer,
fitted by natural cubic splines. There was a progressive risk
reduction from three cups per day to higher levels of consumption.

DISCUSSION

This study, based on data from a global consortium of studies on
gastric cancer, found a weak inverse association between tea
consumption and gastric cancer, with a 9% lower risk among
regular tea drinkers compared to non-regular tea drinkers. A
significantly reduced risk of 9% remained in tea drinkers when
only CC studies were included, but not for NCC studies, possibly
due to the limited numbers. However, the dose-response analysis
suggested an increased level of protection at very high intakes.
Stronger inverse associations were observed in studies from Asia,
in subjects with Hp infection, and those with gastric cardia cancer.
The consumption of warm or cold tea was associated with
reduced risk, whereas drinking hot or very hot tea was not
associated with gastric cancer.

We found a 38% significantly reduced risk of gastric cancer in
studies from Asia, driven by an OR of 0.67 obtained by restricting
the analysis to studies from China and Japan only and an OR of 0.50
obtained in the Iranian study. These findings could be related to
higher amounts of tea consumed, along with the type of tea, mainly
green tea in China and Japan, and black tea in Iran [11, 48-50].

Only a few studies have investigated the relationship between
tea drinking and gastric cancer by anatomic location or
histological type. Our results for cancer subsites are in line with
those of the EPIC (European Prospective Investigation into Cancer
and Nutrition) study [20] that found a higher risk reduction for
cardia cancers than non-cardia cancers, although non-significant.
Similarly, the EPIC study reported decreased, although not
significant, risks for intestinal- and diffuse-type cancers for higher
tea consumption. A cohort study in the United States, including
231 gastric cardia and 224 gastric non-cardia cancer patients,
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a Study Exposed cases Controls OR [95% CI]
Italy 1 126 311 R 1.1810.92, 1.5]
Italy 2 32 89 — e 0.81[0.51,1.27]
Italy 4 96 121 F—e— 0.95[0.7, 1.28]
Portugal 136 244 e 1.39[0.99, 1.94]
Spain 2 6 9 1.07 [0.34, 3.39]
China 1 33 68 e 0.91[0.57, 1.47]
China 2 12 71 e 0.31[0.15, 0.62]
Iran 1 19 32 0.3[0.08, 1.18]
China 4 15 51 - 0.62[0.27, 1.4]
Japan 3 48 97 0.64[0.31, 1.3]
Canada 437 1878 I—o—! 0.9210.8, 1.07]
USA 1 31 42 e 0.84[0.43, 1.62]
Mexico 1 18 19 — 1.71[0.83, 3.53]
Brazil 1 45 33 S GE— 1.86[1.09, 3.15]
Brazil 2 27 47 A 1.17[0.61, 2.27]
USA 3 30 103 e 0.9 [0.55, 1.49]
USA 4 322 632 e 1.13[0.97, 1.32]
Brazil 3 44 76 [E———— 1.18[0.75, 1.85]
One-stage pooled estimate <> 1.01[0.94, 1.09]

I T T ; L
0.1 0.2 0.5 1 4 5
Odds ratio

b Study Exposed cases Controls OR [95% CI]
Italy 1 4 21 0.54[0.18, 1.68]
Portugal 20 47 ; 0.89[0.43, 1.82]
China 1 5 31 } | 0.29[0.11,0.79]
China 2 5 24 0.43[0.15, 1.27]
Iran 1 178 353 { 0.28 [0.08, 0.93]
China 4 19 86 i 0.39[0.17, 0.89]
Japan 3 77 174 e 0.55[0.28, 1.09]
Canada 128 480 I—o—l 0.92[0.73, 1.15]
Brazil 1 14 9 [ 1.73[0.68, 4.39]
Brazil 2 22 64 ;—0—4 0.61[0.32,1.18]
USA 3 33 103 e 1.09 [0.66, 1.78]
USA 4 66 92 1.64[1.18, 2.28]
One-stage pooled estimate = 0.91[0.8, 1.03]

I T T I T 1
0.1 0.2 0.5 1 4 5
Odds ratio

Fig. 2 Categories of tea consumption and gastric cancer. Study-specific, adjusted pooled odds ratios (ORs) and corresponding 95%
confidence intervals (Cls) of gastric cancer for tea drinkers of 1-2 cups per day (a) and =3 cups per day (b) compared with non-regular tea
drinkers in the Stomach cancer Pooling (StoP) Project consortium. Studies with more than five subjects in exposed cases or controls are shown

in figures (a) and (b).
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Cancer o

Stratum cases Controls OR [95% CI]
Geographic area

Europe 1583 2821 - 1.00[0.90, 1.11]

Asia 769 1488 —a— 0.62[0.48, 0.81]

China and Japan 591 1135 |—= { 0.67 [0.49, 0.91]

Iran 178 353 —— 0.50[0.29, 0.86]

Americas 2979 8053 e 0.95[0.87, 1.05]
Sex

Men 3545 7211 2 3 0.93[0.86, 1.00]

Women 1786 5151 - 0.89 [0.80, 0.99]
Age

<65 years 2293 6222 sz 0.94 [0.86, 1.02]

>=65 years 3038 6140 - 0.91[0.83, 1.00]
Socioeconomic status

Low 2057 3524 e 0.89[0.81, 0.97]

Intermediate 2137 5046 - 0.95[0.85, 1.06]

High 1046 3625 Loa 0.91[0.78, 1.06]
Tobacco smoking

Never 2031 5426 . 0.89[0.81, 0.99]

Former 1994 4335 . 0.89[0.80, 0.99]

Current 1064 2271 —a— 0.97 [0.85, 1.10]
Alcohol drinking

<1 drink/day 2979 7868 o 0.92[0.84, 1.00]

1-3 drinks/day 1267 2464 —a— 0.99[0.87,1.12]

>=4 drinks/day 623 997 —a— 0.95[0.78, 1.16]
Vegetable and fruit intake

Low 1398 3252 o 0.89 [0.80, 1.00]

Intermediate 1755 4141 o 0.87[0.78, 0.97]

High 2114 4754 - 1.00[0.90, 1.11]
Salt intake

Low 1783 4673 - 0.87[0.78, 0.97]

Intermediate 1528 3518 - 0.91[0.79, 1.04]

High 1169 2877 —a— 0.97 [0.84, 1.11]
Family history of gastric cancer

No 1704 3419 - 0.92[0.83, 1.02]

Yes 419 387 — 0.80[0.63, 1.03]
H.pylori infection

No 503 926 - { 0.96 [0.76, 1.22]

Yes 972 1971 - 0.68 [0.58, 0.80]
Type of controls

Hospital-based 1429 2438 —a— 1.06 [0.94, 1.19]

Population—based 3902 9924 ‘- 0.86 [0.80, 0.92]
Study design

cC 3945 9388 - 0.91[0.85, 0.97]

NCC 1386 2974 —a—] 0.92[0.76, 1.11]
Subsite

Cardia 1165 12362 —-— 0.64 [0.49, 0.84]

Non-Cardia 2374 12362 t 1 0.77[0.66, 0.90]
Histological type

Intestinal 941 12362 = 0.76[0.63, 0.92]

Diffuse 690 12362 = 1 0.90[0.73,1.12]

Mixed/unspecified 2552 12362 ] 0.93[0.69, 1.26]

T 1 1
0.2 0.6 1 1.4
Odds ratio

Fig. 3 Overall tea consumption and gastric cancer in strata of selected variables. Adjusted pooled odds ratios (ORs) and corresponding
95% confidence intervals (Cls) for regular tea consumption compared to non-regular tea consumption, according to strata of selected

variables in the Stomach cancer Pooling (StoP) Project consortium.

found no association between hot tea consumption and gastric
cardia and non-cardia cancers [19].

When we analysed the effect of tea drinking across categories
of Hp infection, we found an inverse association only among
infected subjects. This finding can be attributed to the potential
protective effect of tea consumption against Hp infection. In fact,
studies in animal models showed that green tea compounds may
be an effective strategy for inhibiting bacterial growth, including
Hp, as well as related Hp atrophic gastritis conditions and gastric
tumorigenesis [51, 52]. In addition, a study of 150 dyspeptic
patients found that the consumption of green/black tea was
associated with a reduced prevalence of Hp infection (OR: 0.45,
95% Cl: 0.21-0.95) [53].

Concerning tea-drinking temperature, our results are in line
with those reported in a case-control study in a Chinese
population (266 gastric cancer cases and 533 controls) and found
a reduced gastric cancer risk among drinkers of green tea when
consumed at cold to warm temperatures (OR: 0.61, 95% Cl:
0.45-0.82), but not at hot temperatures [5]. In contrast to what has
been observed in other studies, the consumption of hot tea was
not associated with a significantly increased risk of gastric cancer.
In previous analyses, hot tea consumption was associated with a
high risk of gastric cancer with ORs ranging from 1.82 to 2.85

[54, 55], and higher risks were observed for very hot temperatures
of consumption (55-60°) with ORs ranging from 3.07 to 7.60
[54, 55]. In this regard, the time elapsed between tea being poured
and drunk, which was not considered in our analysis, could have
at least partly masked the association [56]. Moreover, four out of
six studies reporting information on drinking temperature were
conducted in Asia. Thus, it is difficult to evaluate if the observed
association is attributable to drinking temperature per se or is
rather related to the geographic area.

Among the limitations of the study, most of our results are
based on retrospective studies, so information on tea consump-
tion and other dietary habits may suffer from recall bias. However,
when we examined CC and NCC studies separately, the findings
on the association between tea drinking and gastric cancer were
similar, although no significant results were obtained for the NCC
studies. Additionally, some studies enrolled hospital-based con-
trols, which could have affected the reported prevalence of dietary
factors, but the inverse association between tea drinking and
gastric cancer emerged mainly in population-based studies.
Differences in the types of questions on tea consumption across
studies may represent a source of heterogeneity and may partially
explain some of the inconsistent results found in different studies
for high levels of consumption. The small effect found for regular
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Fig. 4 Tea-drinking intensity (as a continuous variable) and
gastric cancer. Dose-response relationship between tea consump-
tion and gastric cancer (adjusted odds ratios (ORs) and correspond-
ing 95% confidence intervals (Cls)) fitted by natural cubic splines in a
one-stage linear random-effects model in the Stomach cancer
Pooling (StoP) Project consortium.

versus non-regular tea drinkers could be in part caused by bias or
lack of confounding control in some of the included studies.
Reverse causation is conceivable, assuming that (strong) tea
drinking may cause heartburn in patients, though this remains
undefined. We had information on how strong a cup of tea was
only in four studies, indicating no heterogeneity. This may also be
due to a greater prevalence of Hp in selected Asian countries, and
in our analysis, the inverse association was stronger in Hp positive
subjects. We had information on Hp positivity in cases from
12 studies conducted in 8 countries [57]. This was 80.3% overall,
82.1% in Japan, and around 88% on average in the three Iranian
studies. The apparently greater inverse relationship with tea in
Asia cannot, therefore, be largely or totally explained by higher Hp
positivity in Asian studies.

The large dataset from a global consortium is the main strength
of the study. We included detailed individual-level data on tea
drinking and important covariates on over 9000 cases and 19,000
controls. The patient-level approach allowed us to perform in-
depth multivariate analyses. Thus, models were adjusted for
several potential sociodemographic and lifestyle confounders,
such as 5-year age groups, smoking habits, alcohol drinking, salt
intake, vegetable and fruit intake and family history of gastric
cancer. The associations for gastric cancer were also examined by
anatomical site and histological type.

In conclusion, our results, based on a unique pool of studies
globally, provide evidence of a weak inverse association between
tea consumption and gastric cancer.

DATA AVAILABILITY
Data supporting the results reported in the paper cannot be found on publicly
available databases. Data can be provided on reasonable request from the authors.
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