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ABSTRACT
Objective To examine the possible relationship between 
tea consumption and risk of gastric cancer (GC) among 
Japanese men and women included in a large Japanese 
population- based study titled the Japan Collaborative 
Cohort (JACC) Study.
Design Prospective cohort study.
Setting A population- based cohort included subjects who 
were recruited from 24 areas of JACC Study, in which data 
regarding the incidence of cancer were available.
Participants 63 848 participants (26 025 men and 
37 823 women), aged 40–79, were included in the 
analyses and underwent follow- up (median 13.3 years) 
prospectively in research on cancer incidence.
Primary and secondary outcome measures The 
primary outcome variable was the risk of GC according to 
the frequency intakes of total tea, green tea, black tea and 
oolong tea. The adjusted HRs for the risk of GC associated 
with tea consumption were calculated using the Cox 
proportional hazards model.
Results 1494 cases of GC were detected (960 men 
and 534 women) during the follow- up period. The 
multivariable- adjusted HRs for the risk of GC in the highest 
versus lowest quintiles of total tea intake were 1.05 
(0.83–1.33); p trend=0.50 in men, and 0.82 (0.60–1.12); 
p trend=0.45 in women. There was no association found 
between the consumption of green tea, black tea or oolong 
tea with the risk for GC in either gender.
Conclusions In this large community- based prospective 
cohort study, tea consumption was not associated with the 
risk of GC in either gender.

INTRODUCTION
Gastric cancer (GC) is one of the leading 
causes of cancer- related death worldwide 
and the most prevalent type of cancer in East 
Asia,1 including the Japanese population.2 
The incidence of GC varies depending on the 
geographic location, time of year and socio-
economic status, suggesting that exposure to 
environmental causes and lifestyle factors are 
major contributors to the aetiology of GC.3

Tea is one of the most popular bever-
ages worldwide. These beverages have the 
potential to reduce the risk of several types 
of cancer.4 Tea is made using the processed 

leaves, buds and stems of the Camellia sinensis 
plant. Based on processing, the final product 
may be black tea (100% fermented), oolong 
tea (50% fermented) or green tea (0% 
fermented).5

Previous studies have shown that major 
polyphenols in tea (theaflavins and cate-
chins) exert inhibitory effects on the prolif-
eration of cancer cells, tumour growth, 
angiogenesis, metastasis and inflammation, 
as well as induce apoptosis against tumori-
genesis.6 7 However, several large epidemi-
ologic studies examining the association 
between the consumption of tea and the 
risk of GC have shown inconsistent results 
and drew conflicting conclusions; no associ-
ations,8–13 inverse associations14–16 or positive 
associations.17 18 Moreover, there were some 
methodological shortages in the previous 
studies such as the short follow- up period 
and examining the impact of one type of tea 
only.13–19 Therefore, with the inconclusive 
evidence from the previous studies, the clar-
ification is warranted on the associations of 
the intakes of different types of tea as well as 
the total tea intake with risk of GC in Japa-
nese populations in whom GC is one of the 
most common cancers. We aimed in this 
study to investigate the associations between 
intakes of major tea types (green tea, black 
tea and oolong tea) and risk of GC among 
Japanese men and women.

Strengths and limitations of this study

 ► The prospective study had a relatively long follow- 
up time of 13.4 years.

 ► The main limitation is the lack of data on Helicobacter 
pylori infection.

 ► There were very limited number of cardia gastric 
cancer (GC) cases to classify into cardia and non- 
cardia GC.

http://bmjopen.bmj.com/
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http://orcid.org/0000-0002-9241-7289
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-038243&domain=pdf&date_stamp=2020-010-06


2 Sheerah H, et al. BMJ Open 2020;10:e038243. doi:10.1136/bmjopen-2020-038243

Open access 

METHODOLOGY
Study design
The details of the Japan Collaborative Cohort (JACC) 
Study design and subjects have been described else-
where.20 In brief, the study was initiated between 1988 
and 1990 and involved a total of 110 585 individuals (46 
395 men and 64 190 women) aged 40–79 years in 45 areas 
throughout Japan. Baseline information was collected 
through a self- administered questionnaire covering life-
style choices and medical histories. Informed consent was 
obtained from each participant in 36 of the 45 study areas 
(written consent in 35 areas and oral consent in 1 area). 
In the remaining nine areas, group consent was obtained 
from each area leader.

Inclusion and exclusion of the participants
In the present study, subjects were recruited from 24 areas 
of the JACC Study, in which data regarding the incidence 
of cancer were available. Of the 65 041 individuals, we 
excluded participants who have GC or medical history of 
cancer at baseline. The remaining 63 848 subjects (26 025 
men and 37 823 women) were included in the analyses 
and underwent follow- up research on cancer incidence 
to examine the association between the consumption of 
tea and risk of GC. For the analysis of total tea, green tea, 
black tea and oolong tea, the final samples were 50 716, 
59 568, 56 796 and 52 964, respectively, after excluding 
subjects with missing consumption data for the bever-
age(s) under study.

DIETARY ASSESSMENT
The dietary section of the questionnaire included 40- item 
food frequency questionnare (FFQ) assessing the usual 
consumption of food and beverages in the previous 12 
months. The frequency of tea consumption was initially 
assessed through the following questions: ‘Do you drink 
Japanese (green) tea? Do you drink black tea? and Do 
you drink oolong tea?’ The subjects were provided with 
five possible answers: every day (specify the number of 
cups), 3–4 cups per week, 1–2 cups per week, 1–2 cups 
per month and never. The validation of this dietary 
questionnaire has been described elsewhere,21 where 
the Spearman rank correlation coefficients between two 
frequencies (five categories) assessed with FFQ admin-
istered twice, 1 year apart were 0.74 for black tea, 0.62 
for green tea and 0.61 for oolong tea, and the respec-
tive Spearman rank correlation coefficients between two 
frequencies (five categories) assessed with the FFQ and 
weighed dietary record for 12 days among 85 participants 
were 0.60 for black tea, 0.21 for green tea and 0.43 for 
oolong tea. We formed five categories for green tea, black 
tea and oolong tea: never, <1 cup per day, 1 cup per day, 
2 cups per day and ≥3 cups per day. For total tea intake, 
we changed the five frequencies of each type of tea 
consumed into a score; the frequency of never=0 score, 
1–2 times per month=1.5/30=0.05 score, 1–2 times per 
week=1.5/7=0.214 score, 3–4 times per week=3.5/7=0.5 

score and the score for those reported an intake frequency 
‘every day’ was the exact specified number of cups per 
day, then we summed the scores of the three types of tea. 
Afterward, we categorised the total summed score into 
five quintile groups (sex- specifically).

GC ascertainment
The follow- up survey for cancer incidence was available 
in 24 areas with a median follow- up period of 13.3 years. 
In most areas, the follow- up was completed to the end of 
2009; however, it was stopped at the end of 1999 in four 
areas, at the end of 2003 in another four areas and at 
the end of 2008 in two areas.20 Data on cancer incidence 
such as date of diagnosis and primary site were collected 
through population- based cancer registers and in some 
study areas, the medical records of hospitals were also 
reviewed. Dates and causes of death were annually or 
biannually confirmed. The date of move out of cohort 
members from the study areas was also annually or bian-
nually verified by the investigator in cooperation with key 
members of the local governmental office. Because some 
GC cases could not be reported at the time of diagnosis, 
but diagnosed at the time of death, we counted those cases 
as incident cases for calculation of incidence through 
systematic review of death certificate (n=8 cases). The 
incidence data were coded according to the 10th revision 
of the International Statistical Classification of Diseases 
(ICD-10) and Related Health Problems. Tumours with 
ICD-10 codes C16.0–C16.9 were classified as GC.

STATISTICAL ANALYSIS
The statistical analyses were based on the morbidity rates 
of GC during the follow- up period from 1988–1990 to the 
end of 2009. The person- years of follow- up were calcu-
lated from the date of completing the baseline question-
naire to the date of GC diagnosis, death, relocation or the 
end of the follow- up, whichever came first. Sex- specific 
baseline characteristics were calculated using age- adjusted 
‘mean (SD)’ for continuous variables and proportions for 
categorical variables. Cox proportional hazards models 
were used to determine the sex- specific HRs and their 
95% CIs of the subsequent risk of GC for the different 
levels of consumption and types of tea. The multivariate- 
adjusted models adjusted for age and residential area, 
educational level (education years ˂16 years or educa-
tion years≥16 years), smoking status (never, ex- smoker, 
current), alcohol intake (never drink, ex- drinker, 
current), history of gastric and/or peptic ulcer (no, yes 
treated, yes under treatment, yes but not treated), family 
history of GC (yes or no) and consumption of Western- 
style breakfast (characterised by consumption of coffee, 
eggs, butter or margarine and bread) (yes or no). In addi-
tion, we adjusted for the intake of total energy and intake 
frequency of vegetables, fruits, meat, fish and salted foods 
(dried salted fish, miso soup and pickles), which were 
initially assessed through five possible answers: (do not 
eat, 1–2 times per month, 1–2 times per week, 3–4 times 
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per week, almost every day). Miso soup intake was initially 
assessed through the following answer choices: (every day 
(how many cups), almost every day, several times a month 
and I don’t drink much). We further adjusted mutually 
for green tea, black tea and oolong tea in a third model. 
We modelled the median daily intake of each category of 
tea consumption as a continuous variable to test for linear 
trends across the categories. All analyses were performed 
using the SAS statistical package, V.9.4 (SAS Institute). A 
p value less than 0.05 denoted the presence of statistical 
significance.

Patient and public involvement
Patients or the public were not involved in the study.

RESULTS
During the follow- up period (median 13.3 years), a total 
of 1494 cases of GC were detected (960 men and 534 
women). Within 674 381 person- years of follow- up of 
50 716 with estimated total tea intake, there were 1183 
incident cases of GC; within 780 054 person- years of 
follow- up of 59 568 subjects with non- missing green tea 
intake, there were 1422 incident cases of GC; within 744 
069 person- years of follow- up of 56 796 subjects with non- 
missing black tea intake, there were 1307 incident cases 
of GC and within 702 554 person- years of follow- up of 52 
964 subjects with non- missing oolong tea intake, there 
were 1234 incident cases of GC.

Total tea and GC
Men and women in the highest quintiles of total tea were 
more educated, more likely to be smokers, more likely 
to have family history of GC, had higher intake of salt, 
less likely to consume alcohol and less likely to have a 
Western- style breakfast compared with those in the lowest 
quintile (table 1). Table 2 shows no association between 
the consumption of total tea and the risk of GC in either 
gender.

Green tea and GC
Men and women who consumed ≥3 cups/day of green 
tea were older, more educated, less likely to have Western- 
style breakfast, had higher intake of salt (attributed to 
higher consumption of Japanese staple foods of high 
salt intake such as miso soup, salted dry fish, pickles, etc) 
and drank less alcohol compared with those who did not 
consume green tea. The prevalence of smoking in men 
who consumed the higher intake of green tea was higher 
than in male non- green tea consumers, while the oppo-
site was found in women (online supplementary table 
1-1). table 2 shows no association between the consump-
tion of green tea and the risk of GC in either gender.

BLACK TEA AND GC
Men and women who consumed ≥3 cups/day of black 
tea were more educated, more likely to be smokers, more 
likely to have a Western- style breakfast, had less intake of 

salt (attributed to low consumption Japanese staple salty 
foods and more Westernised diet), less likely to have a 
family history of GC and drank less alcohol compared 
with those who did not consume black tea (online supple-
mental tables 1-2). table 2 shows no association between 
the consumption of black tea and the risk of GC in either 
gender.

Oolong tea and GC
Men and women who consumed ≥3 cups/day of oolong 
tea were younger, more educated, drank more alcohol 
and more likely to have a Western- style breakfast, and 
had less intake of salt compared with those who did not 
consume oolong tea. However, contrary to that in men, 
women who consumed higher intake of oolong tea were 
more likely to be smokers than non- oolong tea consumers 
(online supplemental tables 1-3). table 2 shows no asso-
ciation between the consumption of oolong tea and the 
risk of GC in either gender.

DISCUSSION
In this large prospective Japanese cohort study, we found 
no association between the consumption of the total tea, 
green tea, black tea or oolong tea with the risk of GC in 
either gender.

A systematic review and meta- analysis of five cohort and 
eight case–control studies concluded an overall null asso-
ciation between green tea intake and risk of GC in cohort 
studies; pooled relative risk (RR) (95% CI) was 1.05 (0.90, 
1.21, I2=20.3 %), and suggested lower risk in case–control 
studies; pooled OR (95 % CI) was 0.84 (0.74, 0.95, I2=48.3 
%).22

Consistent with findings of the previous cohort 
studies,9–13 the present Japanese cohort study did not 
reveal any associations between the consumption of green 
tea and the risk of GC. In another Japanese cohort study 
of 38 540 men and women, the intake of ≥5 cups/day 
green tea in reference to intake of 0–1 cup/day was asso-
ciated with a RR of GC=0.98 (0.89–1.10; p trend=0.62).9 
Furthermore, a national Japanese cohort study, titled the 
Japanese Public Health Center- based Prospective Study, 
showed no association between green tea consump-
tion and the risk of either cardia or non- cardia GC. 
The multivariable- adjusted RR (95% CI) in individuals 
consuming green tea ≥5 cups/day versus consuming <1 
cup was 0.67 (0.43–1.04) in men and 0.67 (0.43–1.04) in 
women.11 Although, in a Chinese prospective study on 0.5 
million Chinese adults, an increased risk of GC with ≥4 g/
day intake of green tea leaves versus less than weekly tea 
consumption was observed; RR (95% CI) was 1.27 (1.10–
1.46; p≤0.001), in- depth analysis limited the increased 
risk to male non- smokers non- excessive alcohol drinkers 
and the authors stressed on the possibility of chance 
findings because of the limited GC cases in that specific 
group.18 Consumption of black tea is not popular in 
Japan compared with that of green tea,15 while black tea is 
the most commonly consumed tea in Western countries.16 

https://dx.doi.org/10.1136/bmjopen-2020-038243
https://dx.doi.org/10.1136/bmjopen-2020-038243
https://dx.doi.org/10.1136/bmjopen-2020-038243
https://dx.doi.org/10.1136/bmjopen-2020-038243
https://dx.doi.org/10.1136/bmjopen-2020-038243
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Several studies examining the association between the 
consumption of black tea and the risk of GC have shown 
no association.8 13 15 We also found that there was no asso-
ciation between the risk of GC and the consumption of 
black tea. However, in the European Prospective Investi-
gation into Cancer and Nutrition (EPIC) Study of 477 312 
men and women, the multivariable- adjusted HR (95% 
CI) for GC in the highest versus the lowest quartiles of tea 
intake was 0.81 (0.59–1.09, p trend=0.13). The association 
was evident for women (HR=0.59; 95% CI, 0.36 to 0.97, 
p trend=0.02) but not for men (HR=1.01; 95% CI, 0.68 
to 1.48, p trend=0.93).16 The exact mechanisms respon-
sible for the sex difference (ie, reduced risk in women 
but not in men) were not explained. However, a report 
from the EPIC Study indicated that the protective effects 

of total dietary flavonoids (mainly obtained from tea) 
were inversely associated with the risk of GC in women 
only.23 In a 14- year follow- up study of 3158 Japanese men 
and women living in Hokkaido, there were no associa-
tions between black tea consumption and the risk of GC 
in men, whereas the HR (95% CI) of GC among women 
who consumed black tea for several times per week or 
everyday was 3.8 (1.1–13.6) compared with women who 
never consumed black or consumed it several times per 
year or several times per month. However, after adjusting 
for the intakes of salty confectionary and carbonated 
drink/juice, the association disappeared; HR (95% 
CI)=3.0 (0.8–11.2).17

The present study did not show any association between 
oolong tea intake and the risk of GC. Evidence regarding 

Table 1 Sex- specific mean and SD and proportions of risk characteristics for GC according to total tea intake

Total tea
Range (median) of average 
frequency, times/day

Q1
Never

Q2
<1 cup/day

Q3
1 cup/day

Q4
2 cups/day

Q5
≥3 cups/day P trend*

Men

No. of patients at risk 4737 3145 4468 4377 4058

Age, years (SD) 56.8 (10.5) 55.7 (10.3) 56.7 (10.5) 57.7 (10.0) 57.8 (9.6) <0.0001

Education≥16 years, % 49.5 58.2 66.3 61.9 63.7 <0.0001

Current smoking, % 52.6 52.7 49.7 52.7 53.7 0.1817

Alcohol intake, g/day (SD) 33.9 (22.7) 33.2 (22.0) 32.4 (21.5) 32.8 (21.1) 32.1 (21.8) 0.0020

Body Mass Index (BMI) kg/
m2 (SD)

22.7 (2.8) 22.9 (2.8) 22.6 (2.7) 22.6 (2.7) 22.8 (2.8) 0.4716

Family history of GC, % 12.0 12.0 11.8 13.1 14.7 0.1988

Western style of breakfast, % 14.0 17.8 19.5 11.8 11.2 <0.0001

Salt intake g/day (SD) 5.0 (2.4) 5.1 (2.2) 4.8 (2.1) 5.2 (2.2) 5.6 (2.3) <0.0001

Vegetable intake g/day (SD) 218.6 (296.2) 235.9 (304.7) 235.6 (305.4) 237.1 (301.8) 253.0 (311.7) <0.0001

Fruits intake g/day (SD) 64.8 (50.0) 77.5 (51.0) 76.7 (51.8) 78.4 (50.9) 84.3 (52.1) <0.0001

Meat intake g/day (SD) 26.8 (19.9) 28.3 (19.1) 28.1 (19.3) 28.9 (19.9) 29.7 (19.8) <0.0001

Fish intake g/day (SD) 45.2 (27.3) 45.4 (26.9) 45.3 (26.1) 47.8 (26.7) 50.4 (27.1) <0.0001

Energy intake, kcal/day 1650.9 (487.2) 1665.0 (469.9) 1637.3 (437.0) 1718.7 (447.4) 1806.2 (462.5) <0.0001

Woman

No. of patients at risk 6628 4307 6871 6248 5877

Age, years (SD) 57.5 (10.3) 55.9 (10.1) 57.3 (10.2) 58.1 (9.8) 57.5 (9.7) <0.0001

Education≥16 years, % 46.6 53.6 63.4 59.3 64.6 <0.0001

Current smoking, % 5.1 5.8 4.2 4.6 6.1 <0.0001

Alcohol intake, g/day (SD) 10.4 (13.5) 9.4 (11.6) 9.2 (12.9) 9.5 (11.9) 9.2 (12.7) 0.0648

BMI kg/m2 (SD) 22.9 (3.3) 23.1 (3.1) 22.7 (3.0) 22.8 (3.0) 23.0 (3.1) 0.4565

Family history of GC, % 13.0 13.1 13.5 13.6 15.1 0.5278

Western style of breakfast, % 19.3 24.8 26.6 20.1 18.5 <0.0001

Salt intake g/day (SD) 4.7 (2.1) 4.8 (2.1) 4.5 (2.0) 4.8 (2.0) 4.9 (2.0) 0.0082

Vegetable intake g/day (SD) 269.6 (317.7) 316.4 (335.3) 296.4 (328.6) 299.2 (327.5) 324.5 (336.5) <0.0001

Fruits intake g/day (SD) 88.6 (51.5) 102.4 (49.8) 100.1 (50.1) 100.7 (50.2) 108.6 (49.1) <0.0001

Meat intake g/day (SD) 27.5 (19.6) 30.3 (20.1) 29.8 (20.2) 30.4 (20.8) 31.0 (20.7) <0.0001

Fish intake g/day (SD) 45.1 (26.5) 46.6 (26.4) 46.3 (25.6) 48.5 (26.4) 50.7 (26.9) <0.0001

Energy intake, kcal/day 1372.8 (353.6) 1383.6 (349.6) 1392.1 (342.8) 1440.1 (346.4) 1463.7 (338.4) <0.0001

*Age- adjusted p trend was calculated by linear regression for continuous variables and logistic regression for categorical variables.
GC, gastric cancer.
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the association between oolong tea intake and GC risk 
is currently limited. Oolong tea was shown to have an 
inhibitory effect on carcinogenesis in the human stomach 
cancer cells24 and that high molecular weight fractions 
of oolong tea induced apoptosis in human GC cell line 
MKN-45 cells.25f

Strengths of the study
This prospective study had a relatively long follow- up 
time of 13.4 years for a large cohort. It also estimated the 
intakes of tea by a validated food frequency questionnaire 
and had a good- quality cancer registry system.

Limitations of the study
The main limitation of the present study related to residual 
confounding by lack of data regarding an important risk 
factor of GC, that is, Helicobacter pylori infection. However, 
in a previous nested case–control study within the JACC 
Study of 157 incident GC cases and 285 controls for whom 
the H. pylori infection data were available, no association 
between green tea intake and the risk of GC was confirmed 
after adjusting for H. pylori infection; the multivariable- 
adjusted RR (95% CI) was 1.2 (0.6–2.5) for individuals 
consuming green tea ≥10 cups/day versus consuming <1 
cup.26 A previous study showed that the prevalence of H. 
pylori infection among seven geographic areas in Japan 
ranged from 29.4% in Hokkaido prefecture to 54.5% in 
Yamagata Prefecture.27 In general, the prevalence of H. 
pylori related diseases has decreased in Japan and is likely 
to continue to decrease due to the improvement of sani-
tary conditions and the use of antibiotics.28 Second, the 
lack of repeated measurements for the consumption of 
beverages, since these variables may have changed during 
the long follow- up period. In addition, we were unable 
to determine whether the consumed tea was decaffein-
ated or not; however, decaffeinated beverages were not 
common in Japan.29 Lastly, we have a limited number of 
cardia GC (total 70 case) with a very few cases in the refer-
ence group of green tea (three cases) and no cases were 
found in the highest groups of black tea consumptions 
(zero cases in either 2 cups black tea/day or ≥3 cups black 
tea/day); therefore, we did not have the statistical power 
to conduct the separate analysis by GC site. However, in 
a sensitivity analysis excluding cardia GC cases, the null 
association was still evident for tea consumption with risk 
of non- cardia GC.

CONCLUSION
In conclusion, in this large community- based prospec-
tive cohort study, the intakes of neither total tea 
nor tea types were associated with the risk of GC in 
either gender. Although tea intake was recommended 
for the prevention of other chronic diseases, such 
as diabetes,29 cardiovascular diseases30 and other 
cancers,4 30 the clinical implication and recommenda-
tion of high consumption of green and or black tea 
for the prevention of GC should be revised in light 

of null and inconsistent findings of the current and 
previous cohort studies.
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