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Experimental studies have shown that tea and tea poly-
phenols have anticarcinogenic properties. There have been
no prospective investigations examining the relationship
between tea polyphenols and cancer risk using validated
biomarkers. In the present study, a nested case–control
study design was used to investigate the association between
prediagnostic urinary tea polyphenol markers and sub-
sequent risk of gastric and esophageal cancers. One hun-
dred and ninety incident cases of gastric cancer and 42
cases of esophageal cancer occurring in members of the
Shanghai Cohort (18 244 men aged 45–64 years at recruit-
ment with up to 12 years of follow-up) were compared
with 772 cohort control subjects. The control subjects were
individually matched to the index cases by age, month and
year of sample collection, and neighborhood of residence
(case–control ratio � 1:3 for gastric cancer, 1:5 for eso-
phageal cancer). Urinary tea polyphenols, including
epigallocatechin (EGC) and epicatechin (EC), and their
respective metabolites 5-(3�,4�,5�-trihydroxyphenyl)-γ-
valerolactone (M4) and 5-(3�,4�-dihydroxyphenyl)-γ-valero-
lactone (M6), were measured in all study subjects by means
of a validated assay. Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated from logistic regression
models. After exclusion of cases diagnosed under 4 years
follow-up, urinary EGC positivity showed a statistically
significant inverse association with gastric cancer (OR �
0.52, 95% CI � 0.28–0.97) after adjustment for Helicobac-
tor pylori seropositivity, smoking, alcohol drinking, and
level of serum carotenes. The protective effect was primarily
seen among subjects with low (below population median)
serum carotenes. The odds ratio for EGC positivity was
0.49 (95% CI � 0.26–0.94) among subjects with low
serum carotenes while the corresponding odds ratio among
subjects with higher levels of serum carotenes was 1.02
(95% CI � 0.46–2.28). Similar tea polyphenol–cancer risk
associations were observed when the gastric cancer and
esophageal cancer sites were combined. The present study
provides direct evidence that tea polyphenols may act as
chemopreventive agents against gastric and esophageal
cancer development.

Abbreviations: CI, confidence interval; EC, epicatechin; EGC, epigallocate-
chin; EGCG, epigallocatechin gallate; M4, 5-(3�,4�,5�-trihydroxyphenyl)-γ-
valerolactone; M6, 5-(3�,4�-dihydroxyphenyl)-γ-valerolactone; OR, odds ratio.
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Introduction

Gastric and esophageal cancers are the 2nd and 8th most
common cancers worldwide (1). Both cancers display consider-
able variation in international incidence (1). China is a high
risk country for both. In Shanghai, the age standardized
incidence rate for gastric cancer is about 47 per 100 000
person-years in men and 21 per 100 000 person-years in
women, which are 6–7 fold higher than comparable rates in
USA whites (2). Similarly, the age standardized incidence
rates for esophageal cancer in Shanghai men and women
are 13 and 5 per 100 000 person-years, respectively. The
corresponding rates in USA whites are 4 and 1 per 100 000
person-years (2).

Tea is one of the most popular beverages consumed around
the world. There are two major categories of tea, distinguished
by the varying methods of processing the tea leaves following
harvest. In the processing of green tea, fresh tea leaves are
steamed or dried at high temperature right after plucking,
resulting in minimal oxidation of the naturally occurring
polyphenols in the tea leaves. In contrast, fresh tea leaves are
crushed during the manufacture of black tea to encourage
oxidation and polymerization of the polyphenols in a fermenta-
tion process. In general, the amounts of polyphenols [primarily
four catechins: epigallocatechin gallate (EGCG), epigallocate-
chin (EGC), epicatechin (EC) and epicatechin gallate] in green
tea are ~30–40% of the weight of the water extractable
materials, as compared with 3–10% in black tea (3). The
bioavailability of tea catechins following tea consumption has
been demonstrated. Plasma concentrations of EGCG, EGC,
and EC reach peak levels between 1.5–2.5 h after tea consump-
tion (4). Maximum urinary excretion of EGC and EC (mostly
in the sulfate- and glucuronide-conjugated forms) normally
occurs at 2–6 h after tea ingestion, and most is excreted within
8–9 h (4–6). On the other hand, maximum excretion of 5-(3�,
4�,5�-trihydroxyphenyl)-γ-valerolactone (M4) and 5-(3�,
4�-dihydroxyphenyl)-γ-valerolactone (M6), which are the
respective metabolites of EGC and EC, usually occurs between
7.5–13.5 h after tea intake (5). Cumulative excretion of EGC
increased with increasing dose of green tea ingestion in human
subjects (6). EGCG is not detectable in urine. There is now a
validated assay for quantifying urinary EGC, EC, M4, and M6
in humans (4–7).

There are abundant in vitro and non-human in vivo data in
support of the hypothesis that tea polyphenols are chemo-
preventive agents against both gastric and esophageal cancers
(8–14). Human data are limited, but two interview-based
case–control studies of gastric and esophageal cancers, both
conducted in Shanghai, China, reported protective effects of
green tea consumption in a dose-dependent manner (15,16).

The present study prospectively examined the association
between urinary tea polyphenols (EGC, EC, M4 and M6) and
risk of gastric and esophageal cancers among middle aged and
older men in Shanghai, China. Frequent consumption of green
tea and the relatively high incidence of gastric and esophageal
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cancers among Shanghai Chinese, combined with the availabil-
ity of prediagnostic urine samples in the Shanghai Cohort
Study provided a special opportunity to test the hypothesis
that tea polyphenols protect against the development of gastric
and esophageal cancer, using validated urinary biomarkers.

Participants and methods

The design of the Shanghai Cohort Study has been described in detail
elsewhere (17,18). Between January 1986 and September 1989, 18 244 men
between 45 and 64 years of age living in four small geographically defined
areas of the city of Shanghai were recruited to participate in a prospective
study of diet and cancer (~80% of eligible subjects). Each participant was
interviewed in person using a structured questionnaire to obtain demographic
information, use of tobacco and alcohol, usual adult diet, and medical history.
Information on tea consumption was not asked during the in-person interview.
At completion of the interview, a 10 ml non-fasting blood sample and a single
void (i.e. spot) urine sample were collected from each participant. The blood
and urine samples were collected usually between 5 p.m. and 9 p.m. Blood
samples were centrifuged for serum within 4 h after collection, and the serum
specimens were stored at –70°C. The urine samples were processed after
overnight storage at 4°C, and aliquots of the urine samples were frozen at
–20°C until analysis. Follow-up of cancer occurrence and death have been
conducted through annual recontacts with all surviving cohort members and
routine review of reports from the population based Shanghai Cancer Registry
and from the Shanghai Municipal Vital Statistics Office.

Gastric cancer cases occurring among cohort members until March 1998
and esophageal cancer cases occurring until September 1998 were eligible for
the present study. There were 197 incident cases of gastric cancer and 46
incident cases of esophageal cancer. Three control subjects for each gastric
cancer case and five control subjects for each esophageal cancer case were
randomly chosen from all cohort members who were free of the specific
cancer at the time of diagnosis of the index case. Control subjects were
matched to index cases by age (�2 years), month and year of sample collection,
and neighborhood of residence. Prior urinary biomarker measurements had
led to depletion of urine specimens on a number of study subjects. These
subjects were excluded from the present study. Matched control subjects were
excluded if the index cancer case subject was excluded. For gastric cancer,
seven cases (and their matched controls) and seven additional control subjects
not matched to those seven cases were excluded for this reason. Similarly,
for esophageal cancer, four cases (and their matched controls) and one
additional control subject not matched to those four cases were excluded. In
total, 190 gastric cancer cases (with 563 matched controls) and 42 esophageal
cancer cases (with 209 matched controls) were included in the present analysis.

Urinary EGC, EC, M4 and M6 were measured according to the validated
method of Yang et al. (4–6). In short, the thawed urine sample (50 µl) was
mixed with 150 µl of a pH 6.8 sodium phosphate buffer, 20 µl of Vc-EDTA
solution, and 20 µl of a mixture of β-glucuronidase (500 units) and sulfatase
(40 units). The mixture was incubated at 37°C for 45 min. Samples were
analyzed on a HPLC system consisting of an ESA Model 465 refrigerated
autosampler, two ESA-580 dual-piston pumps, and an ESA 5500 coulochem
electrode array system. Standard tea polyphenols were used to check the
stability of the HPLC system. Urine samples with known amounts of tea
polyphenols were included in all batches. The detection limits for urinary
EGC, EC, M4 and M6 were 10 ng/ml (7). The within-day coefficients of
variation for EGC and EC in the urine samples with known amounts of tea
polyphenols were �10%, and the between-day coefficients of variation were
�15%. Duplicate measurements were made for each urine sample. The mean
of the duplicate measurements was assigned as the sample value. If the
coefficient of variation of the duplicate measurements was �15%, the urine
sample was remeasured. For any given set of cases and their matched controls,
the samples were tested in a single batch to minimize impact of possible inter-
batch variation on the comparability between cases and controls. Laboratory
personnel were blinded to the case/control status of study subjects.

Data were analyzed by standard matched set methods (19). Urinary tea
polyphenols were expressed in units of urinary creatinine. The distributions
of these urinary biomarkers were markedly skewed toward high values.
Thus, formal statistical tests were performed on log-transformed values, and
geometric means (as opposed to arithmetic means) are presented. Undetectable
values were recoded to 5 ng/ml (one-half the detection limit). Correlations
between the four urinary tea polyphenol biomarkers as well as the correlations
between urinary tea polyphenols and serum carotenes were assessed using the
Pearson’s correlation coefficient (20). In the analysis of variance models used
to compare urinary tea polyphenol levels between cancer cases and controls,
the block design (each block representing one matched case–control set) was
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Table I. Risk factors for gastric and esophageal cancer

Gastric cancer Esophageal cancer Controls
n (%) n (%) n (%)

Total subject 190 (100.0) 42 (100.0) 772 (100.0)
Cigarette smoking

Never 59 (31.1) 11 (26.2) 325 (42.1)
Evera 131 (68.9) 31 (73.8) 447 (57.9)
Age at starting to smoke
�20 years 35 (18.4) 13 (31.0) 104 (13.5)
20� years 96 (50.5) 18 (42.8) 343 (44.4)

Weekly alcohol drinking
No 96 (50.5) 14 (33.3) 447 (57.9)
Yes 94 (49.5) 28 (66.7) 325 (42.1)
1–28 drinks/week 66 (34.7) 18 (42.9) 277 (35.9)
29� drinks/week 28 (14.8) 10 (23.8) 48 (6.2)

H.pylori serologic statusb

Negative 20 (11.0) – 94 (17.6)
Positive 161 (89.0)c – 441 (82.4)

Serum carotenes (µg/dl)
�10.10d 108 (57.4) 29 (69.0) 383 (49.8)
�10.10 80 (42.6) 13 (31.0) 386 (50.2)

aSmoked at least one cigarette per day for 6 months or longer.
bOnly gastric cancer cases and their matched control subjects were tested
for H.pylori serologic status. Nine gastric cancer cases and 28 control
subjects with missing H.pylori serologic status were excluded.
cThe seropositivity rate was 85.4% in cases diagnosed �5 years after
enrollment and 92.9% in cases diagnosed 5 or more years after enrollment.
dMedian value among all control subjects. Two gastric cancer cases and
three control subjects with missing values on serum carotenes were
excluded.

used (20). Conditional logistic regression models were used to examine the
associations between urinary tea polyphenols and risk of gastric and esophageal
cancer. The magnitude of the associations were measured by odds ratios
(ORs), along with their corresponding 95% confidence intervals (CIs) and
P values.

In the present study, the following factors were statistically significantly
related to gastric or esophageal cancer risk in univariate analysis: cigarette
smoking, alcohol drinking, level of serum carotenes (alpha- and beta-carotene
combined), and positivity for Helicobactor pylori antibodies in serum (for
gastric cancer only) (Table I). Multivariate stepwise regression analysis showed
cigarette smoking, alcohol drinking, level of serum carotenes, and H.pylori
seropositivity as independent risk factors for gastric cancer. Similarly, multivar-
iate stepwise regression analysis showed cigarette smoking and alcohol
drinking as independent risk factors for esophageal cancer. The independent
risk factors for both cancers combined were found to be cigarette smoking,
alcohol drinking and level of serum carotenes. These potential confounding
variables were included in the multivariate conditional logistic regression
models when we examined the associations between urinary tea polyphenols
and risk of gastric and esophageal cancers.

We also examined the urinary tea polyphenol–cancer association stratified
by cigarette smoking, alcohol drinking and level of serum carotenes. There
are too few H.pylori seronegative subjects (seven cases) to allow for a
meaningful analysis of the tea polyphenol–cancer association by serum
H.pylori status. For the subgroup analyses, matched sets were broken and the
unconditional logistic regression models involving all control subjects were
used to maximize the number of subjects available for analysis. An indicator
variable denoting separate laboratory batches was included in the unconditional
logistic regression model to account for possible inter-batch variation. Parallel
analyses with and without adjustment for the following factors—neighborhood
of residence, month and year of sample collection, and, for gastric cancer,
H.pylori seropositivity—were performed. Results of the parallel analyses were
similar. Figures presented in Table V are based on analyses without adjustment
for neighborhood of residence, month and year of sample collection, and
H.pylori seropositivity.

Statistical computing was conducted using the SAS (SAS Institute Inc.,
NC) version 8.0 and Epilog windows version (Epicenter Software, CA)
statistical software packages. Two-sided P values that are �0.05 and 95%
CIs that do not include one are considered to be statistically significant. All
P values quoted are 2-sided.
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Table II. The Pearson’s product–moment correlation coefficients between
log-transformed urinary EGC, EC, M4, M6 (mg/g creatinine) and serum
carotenes (µg/dl) among control subjects (n � 772)

EGC EC M4 M6

EC 0.68a

M4 0.41a 0.41a

M6 0.44a 0.48a 0.83a

Serum carotenesb 0.015 0.022 –0.015 0.003
Age 0.03 0.02 –0.03 –0.02
Ethanol intake (g/day) 0.13a 0.07a 0.01 0.03
Cigarettes/day 0.15a 0.09a 0.11a 0.08a

aP � 0.05.
bThree subjects with missing serum carotenes were excluded.

Results

Of the 190 gastric cancer patients, 45 (24%) had cardia cancer,
115 (60%) had non-cardia cancer, and 30 (16%) had unknown
subsites. One hundred and seventy one (90%) gastric cancer
patients were histologically confirmed. Of the 42 esophageal
cancer patients, 28 (67%) had squamous cell carcinoma, 2
(5%) had adenocarcinoma, and 12 (28%) had other and
unspecified types. Thirty-two (76%) esophageal cancer patients
were histologically confirmed. The mean ages of gastric and
esophageal cancer patients at diagnosis were 63.4 and 62.5
years, respectively. The corresponding figures for controls at
the time of cancer diagnosis of the index cases were 63.3 and
62.6 years, respectively. The average time interval between
urine sample collection and cancer diagnosis was 5.0 years
for gastric cancer patients (range, 1 month–12 years) and
5.1 years for esophageal cancer patients (range, 2 months–
11 years).

Eighty percent of all control subjects were positive for
urinary EGC. The corresponding figures for urinary EC, M4
and M6 were 85%, 60% and 80%, respectively. Among all
control subjects, the geometric means of EGC, EC, M4 and
M6 were 0.37, 0.45, 0.39 and 0.76 mg/g creatinine, respectively.
The comparable figures for gastric/esophageal cancer cases
were 0.36, 0.47, 0.35 and 0.79 mg/g creatinine, respectively.
There were no differences between cancer cases and controls
(all P � 0.40). For H.pylori seronegative control subjects, the
geometric means of EGC, EC, M4 and M6 were 0.38, 0.53,
0.47 and 0.96 mg/g creatinine, respectively. The comparable
figures for H.pylori seropositive control subjects were 0.39,
0.51, 0.39 and 0.86 mg/g creatinine, respectively.

Table II presents product–moment correlation coefficients
among the four urinary tea polyphenol biomarkers. The stron-
gest correlation was noted between M4 and M6, followed by
that between EGC and EC. There were scant correlations
between any of the four urinary biomarkers and serum carotenes
(Table II). There was no correlation between any of the urinary
biomarkers and age at baseline interview. Urinary EGC and
EC, but not M4 and M6, were positively correlated with
alcohol drinking. All four urinary biomarkers were positively
correlated with cigarette smoking (Table II).

Overall, there was no association between risk of gastric or
esophageal cancer and positivity for (or level of) any of the
four urinary tea polyphenols. Comparable results were obtained
after adjustment for potential confounders (Table III). Similarly,
analysis of variance tests comparing levels of urinary tea
polyphenols between cases and their matched controls revealed
no significant differences in the two groups (data not shown).
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Table IV presents the urinary tea polyphenol–cancer associ-
ations by duration of follow-up. Since risks were comparable
among subjects positive for any of the given urinary tea
polyphenols, analysis was simplified to negative versus positive
status for each of the four urinary biomarkers. Similarly,
since all the urinary tea polyphenol–risk associations were
comparable between gastric and esophageal cancers, the two
sites were combined to yield more stable risk estimates since
individual sample sizes, especially for esophageal cancer,
became rather small after stratification. For EC, M4 and M6,
all biomarker–risk associations remained null regardless of
duration of follow-up. In contrast, EGC displayed an evident
inverse association with risk of gastric cancer alone or gastric
and esophageal cancer combined as duration of follow-up
lengthened (Table IV). For cases diagnosed at least 4 years
after enrollment, risk was significantly reduced by 48% (OR �
0.52, 95% CI � 0.28–0.97) for gastric cancer alone and 42%
(OR � 0.58, 95% CI � 0.34–0.98) for gastric and esophageal
cancer combined. For esophageal cancer alone, the reduction
in risk associated with EGC positivity was roughly 40% (OR �
0.58, 95% CI � 0.19–1.79). As in the cases with gastric
cancer, EC, M4 and M6 were unrelated to esophageal cancer
risk (data not shown). For gastric cancer, the effect of EGC
was further examined by subsite. We noted a slightly stronger
inverse association for cardia (OR � 0.22, 95% CI � 0.05–
0.90) than for non-cardia cancer (OR � 0.73, 95% CI � 0.38–
1.41). However, the difference between these two odds ratios
was not statistically significant (P � 0.13).

We examined the potential modifying effects of cigarette
smoking, alcohol drinking, and serum carotenes on the EGC–
cancer associations. Cancer cases with �4 years of follow-up
were excluded since the data suggested that biomarker values
obtained close to the time of cancer diagnosis might not be
informative. Table V shows a stronger inverse association
between EGC and cancer risk in never versus ever cigarette
smokers, non- versus regular drinkers of alcohol, and those
with low (i.e. below population median value) versus higher
levels of serum carotenes. The differences in ORs between
never and ever smokers, and between non- and regular drinkers
of alcohol were not statistically significant (Table V). On the
other hand, a borderline statistically significant interaction
between EGC and serum carotene level on cancer risk was
observed (Table V). Statistically significant inverse EGC–risk
association was observed in those with low levels of serum
carotenes (OR � 0.49, 95% CI � 0.26–0.94 for gastric cancer
alone; OR � 0.46, 95% CI � 0.26–0.84 for gastric and
esophageal cancer combined), but no such association was
noted among subjects with higher serum carotene levels (OR �
1.02, 95% CI � 0.46–2.28 for gastric cancer alone; OR �
1.02, 95% CI � 0.47–2.21 for gastric and esophageal cancer
combined). For esophageal cancer alone, an inverse, statistic-
ally non-significant association between risk and EGC positiv-
ity was observed in individuals with below median serum
carotene levels (OR � 0.44, 95% CI � 0.14–1.35), but not in
those with higher serum carotene levels (OR � 0.99, 95%
CI � 0.10–10.05).

We repeated all of the analyses on histologically confirmed
cases and their matched controls (203 cases and 669 controls).
Results were similar to those based on the whole data set (data
not shown).

Discussion

To our knowledge, this is the first epidemiologic study
attempting to establish a direct link between prediagnostic tea
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Table III. Urinary EGC, EC, M4, and M6 levels (mg/g creatinine) in relation to gastric and esophageal cancer risk

Gastric cancer Esophageal cancer

No. No. Adjusted No. No. Adjusted
cases controls ORa (95% CI) ORb (95% CI) cases controls ORa (95% CI) ORc (95% CI)

EGC
Negative 40 102 1.00 1.00 10 55 1.00 1.00
Positive 150 461 0.81 (0.51–1.28) 0.73 (0.45–1.18) 32 154 1.14 (0.52–2.50) 0.87 (0.38–2.02)

�0.196d 65 224 0.70 (0.42–1.17) 0.64 (0.37–1.09) 13 81 0.87 (0.35–2.16) 0.84 (0.32–2.19)
0.197� 85 237 0.90 (0.55–1.47) 0.82 (0.49–1.38) 19 73 1.44 (0.61–3.37) 0.91 (0.36–2.31)
P for trend 0.97 0.77 0.34 0.86

EC
Negative 17 72 1.00 1.00 7 47 1.00 1.00
Positive 173 491 1.60 (0.88–2.92) 1.74 (0.93–3.28) 35 162 1.49 (0.60–3.69) 1.22 (0.48–3.10)

�0.311d 71 203 1.56 (0.83–2.93) 1.71 (0.88–3.32) 24 113 1.46 (0.57–3.74) 1.32 (0.51–3.45)
0.312� 102 288 1.64 (0.88–3.07) 1.78 (0.92–3.44) 11 49 1.54 (0.53–4.45) 0.99 (0.32–3.04)
P for trend 0.20 0.17 0.46 0.91

M4
Negative 73 222 1.00 1.00 16 87 1.00 1.00
Positive 117 341 1.06 (0.73–1.55) 1.06 (0.71–1.59) 26 122 1.16 (0.59–2.29) 0.91 (0.44–1.89)

�0.220d 55 150 1.13 (0.73–1.76) 1.13 (0.71–1.81) 17 78 1.19 (0.57–2.49) 0.96 (0.43–2.15)
0.220� 62 191 1.00 (0.65–1.54) 1.00 (0.63–1.58) 9 44 1.11 (0.45–2.75) 0.83 (0.32–2.14)
P for trend 0.99 0.97 0.75 0.71

M6
Negative 23 82 1.00 1.00 15 74 1.00 1.00
Positive 167 481 1.31 (0.77–2.25) 1.52 (0.84–2.73) 27 135 0.99 (0.50–1.97) 0.79 (0.38–1.66)

�0.448d 76 217 1.32 (0.75–2.33) 1.55 (0.84–2.88) 18 87 1.03 (0.49–2.18) 0.90 (0.40–2.01)
0.449� 91 264 1.30 (0.74–2.30) 1.48 (0.79–2.76) 9 48 0.93 (0.38–2.28) 0.61 (0.22–1.65)
P for trend 0.49 0.40 0.89 0.35

aMatched odds ratios (ORs) with matching factors being: age, month and year of sample collection, and neighborhood of residence.
bFurther adjusted for H.pylori seropositivity, age at starting to smoke (never, 20� years, �20 years), number of alcoholic drinks per week (none, 1–28, 29�),
and level of serum carotenes (in quartiles). Ten gastric cancer cases and 47 controls with missing H.pylori seropositivity or serum carotene values were
excluded from the analysis.
cFurther adjusted for age at starting to smoke (never, 20� years, �20 years), and number of alcoholic drinks per week (none, 1–28, 29�).
dMedian positive value among all control subjects.

Table IV. Urinary EGC, EC, M4 and M6 in relation to gastric/esophageal cancer risk by time interval between urine sample collection and cancer diagnosis

Gastric cancera Gastric and esophageal cancerb

�4 years 4� years �4 years 4� years

Ca/Coc ORd (95% CI) Ca/Co ORd (95% CI) Ca/Co ORe (95% CI) ORe (95% CI)
Ca/Co

Total subjects 79/217 101/299 104/347 126/416
EGC

Negative 8/27 1.00 31/68 1.00 11/53 1.00 38/100 1.00
Positive 71/190 1.25 (0.52–3.02) 70/231 0.52 (0.28–0.97) 93/294 1.40 (0.67–2.91) 88/316 0.58 (0.34–0.98)

EC
Negative 0/16 16/53 1.00 2/27 1.00 21/90 1.00
Positive 79/201 –f 85/246 1.13 (0.55–2.30) 102/320 3.92 (0.92–16.71) 105/326 1.22 (0.67–2.23)

M4
Negative 34/83 1.00 34/121 1.00 43/129 1.00 44/177 1.00
Positive 45/134 0.80 (0.45–1.43) 67/178 1.50 (0.82–2.75) 61/218 0.84 (0.52–1.37) 82/239 1.21 (0.74–2.00)

M6
Negative 5/20 1.00 15/59 1.00 12/53 1.00 25/102 1.00
Positive 74/197 1.48 (0.52–4.17) 86/240 1.34 (0.63–2.82) 92/294 1.19 (0.59–2.41) 101/314 0.93 (0.52–1.67)

aTen gastric cancer cases and 47 controls with missing H.pylori seropositivity or serum carotenes values were excluded from the analysis.
bTwo gastric cancer cases and nine controls with missing serum carotene values were excluded from the analysis.
cNumber of cases/number of controls.
dMatched ORs with matching factors being: age, month and year of sample collection, and neighborhood of residence. Further adjusted for H.pylori
seropositivity, age at starting to smoke (never, 20� years, �20 years), number of alcoholic drinks per week (none, 1–28, 29�), and level of serum carotenes
(in quartiles).
eIn addition to matching factors, matched ORs were further adjusted for age at starting to smoke (never, 20� years, �20 years), number of alcoholic drinks
per week (none, 1–28, 29�), and level of serum carotenes (in quartiles).
fThere was no case in the reference category, thus, no finite estimate for OR could be calculated.
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Table V. Urinary EGC and gastric/esophageal cancer risk stratified by levels of cigarette smoking, alcohol drinking, and serum carotenes; cancer cases with
�4 years of follow-up are excluded

Gastric cancer Gastric and esophageal cancer

No. No. No.
controlsa casesb OR (95% CI) casesb OR (95% CI)

Cigarette smoking
Never

EGC negative 78 12 1.00 13 1.00
EGC positive 246 15 0.45 (0.19–1.03)c 18 0.48 (0.21–1.07)c

Ever
EGC negative 77 19 1.00 25 1.00
EGC positive 368 58 0.82 (0.45–1.51)c 70 0.76 (0.43–1.32))c

Weekly alcohol drinking
No

EGC negative 95 16 1.00 19 1.00
EGC positive 350 33 0.56 (0.28–1.11)d 35 0.54 (0.28–1.04)d

Yes
EGC negative 60 15 1.00 19 1.00
EGC positive 264 40 0.77 (0.38–1.56)d 53 0.76 (0.40–1.44)d

Serum carotenes (µg/dl)
�10.10e

EGC negative 79 22 1.00 28 1.00
EGC positive 304 33 0.49 (0.26–0.94)f 43 0.46 (0.26–0.84)f

�10.10
EGC negative 76 9 1.00 10 1.00
EGC positive 310 40 1.02 (0.46–2.28)f 45 1.02 (0.47–2.21)f

aSeven hundred and sixty-nine controls were included in these analyses after excluding those with missing values on serum carotenes.
bOne hundred and four gastric cancer cases and 22 esophageal cancer cases were included in these analyses after excluding those with missing values on
serum carotenes.
cUnmatched ORs were adjusted for laboratory batch, age (continuous), number of alcoholic drinks per week (none, 1–28, 29�), and level of serum carotenes
(in quartiles). P values for interaction between EGC and smoking were 0.34 for gastric cancer alone, and 0.53 for gastric and esophageal cancer combined.
dUnmatched ORs were adjusted for laboratory batch, age (continuous), age at starting to smoke (never, 20� years, �20 years), and level of serum carotenes
(in quartiles). P values for interaction between EGC and alcohol drinking were 0.80 for gastric cancer alone, and 0.57 for gastric and esophageal cancer
combined.
eMedian value among all control subjects.
fUnmatched ORs were adjusted for laboratory batch, age (continuous), number of alcoholic drinks per week (none, 1–28, 29�), and age at starting to smoke
(never, 20� years, �20 years). P value for interaction between EGC and level of serum carotenes were 0.07 for gastric cancer alone, and 0.057 for gastric
and esophageal cancer combined.

polyphenol levels and subsequent risk of gastric/esophageal
cancer. Although we found no associations between urinary
tea polyphenols and gastric/esophageal cancer risk when all
study subjects were considered, we noted evident inverse
associations between one such polyphenol, EGC, and risk of
gastric/esophageal cancer as duration of follow-up lengthened.
There was a statistically significant 48% reduction in risk
associated with EGC positivity when gastric cancer cases were
restricted to those with at least 4 years of follow-up. Similarly,
risk was reduced by 42% when gastric and esophageal cancer
cases combined were restricted to those diagnosed 4 or
more years post-enrollment. It is probable that some patients
experienced increasingly severe clinical symptoms as their
cancer advanced, thus possibly rendering the data on those
enrolled in the cohort study relatively close to their dates of
cancer diagnosis inappropriate for dietary studies. The present
study suggests that the protective effect of tea polyphenols is
somewhat more important among nonsmokers and nondrinkers
of alcohol, but especially among individuals who are relatively
deficient in carotenes.

A number of epidemiologic studies conducted in diverse
populations have investigated the effect of tea consumption
on gastric/esophageal cancer development. Among 12 studies
from China and Japan, where green tea is preferred, seven of
them have suggested a protective effect of green tea consump-
tion on gastric/esophageal cancer risk, while four other studies
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failed to observe a protective effect (15,16,21–30). In the last
study that used hospital patients as control subjects, the authors
actually noted a significant increased risk of gastric cancer
with green tea consumption (29). However, the prevalence of
green tea drinking among the hospital control subjects was
only 1.7% (29). In a population-based case–control study in
Shanghai, China, involving 711 cases of gastric cancer and an
equal number of age- and gender-matched population controls,
a significant protective effect of green tea intake on gastric
cancer risk was observed (OR � 0.71, 95% CI � 0.54–0.93)
(16). The risk of gastric cancer decreased with increasing
amount of green tea consumed daily (P for trend � 0.006)
(16). In Japan, Kono et al. reported a relative risk of 0.3 (95%
CI � 0.1–0.7) for gastric cancer in subjects who consumed
�10 cups of green tea per day relative to those who consumed
less (30). On the other hand, two recent prospective studies
from Japan both failed to observe a protective effect of green
tea drinking on gastric cancer risk (23,24). In the first study,
green tea consumption was solicited from a self-administered
questionnaire. Eighty-one percent of subjects reported drinking
green tea daily, while only 5% subjects were not regular
drinkers of green tea (24). The second Japanese study conducted
on atomic bomb survivors also showed null results (23). The
very high prevalence of relatively heavy drinkers of green
tea coupled with the very low prevalence of non-exposed
individuals among Japanese might be the reason for the two
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studies’ null findings. In other words, most of the exposure
levels among study subjects might be outside the range within
which the association between intake and cancer risk is most
evident. Finally, in a population-based case–control study of
esophageal cancer in Shanghai (902 cases and 1552 controls),
green tea drinking was significantly associated with decreased
risk of esophageal cancer in both men (OR � 0.43, 95% CI �
0.22–0.86) and women (OR � 0.40, 95% CI � 0.20–0.77).
Importantly, this effect was confined to those who neither
smoked cigarettes nor drank alcoholic beverages regularly
(15). In the present study, we also observed a stronger effect
of EGC positivity on cancer risk in subjects who never smoked
cigarettes or never drank alcoholic beverages regularly.

In contrast, studies conducted in Western populations in which
black tea is commonly consumed have yielded largely negative
results on this relationship. Among the five population-based
case–control and cohort studies (31–35) that have examined the
tea–gastric cancer relationship, only one showed a significant
inverse association (OR � 0.63, 95% CI � 0.43–0.91) (32). A
probable explanation for this discrepancy in results between
Asian and Western populations is that the levels of tea catechins
are 3–10 times higher in green than black tea (3).

Experimental animal studies lend support to the hypothesis
that green tea or tea polyphenols are chemopreventive agents
for chemically induced gastric and esophageal cancer. Adminis-
tration of green tea before and during carcinogen treatment
significantly reduces incidence and multiplicity of forestomach
tumors in mice (11). Similarly, esophageal tumor incidence is
significantly reduced in carcinogen-treated rats given black or
green tea (12). Experiments involving specific tea polyphenols
have yielded comparable results (13,14).

Among the four urinary measurements of tea polyphenols
(EGC, EC, M4 and M6) examined in the present study, EGC is
a more direct biomarker of tea drinking. EC is not a specific
marker of tea consumption as there are other common dietary
sources such as apples, wine and chocolate (36,37); levels of
M4 and M6, which are the respective metabolites of EGC and
EC, are influenced by the microflora environment in the large
intestine (5).

In the present study, we have noted differential effects of
EGC and EC on gastric and esophageal cancer risk. While
EGC showed a statistically significant protective effect against
cancer risk once subjects with short follow-up were excluded
from the analysis, no such association was observed with EC.
This finding has supportive data from in vitro studies. It has
been shown that EGC, but not EC, inhibits growth of human
gastric cancer cell lines (10). There are no in vivo animal data
on the potential anticarcinogenic effects of EGC versus EC.
It is also possible that EGC is a surrogate of other as yet
unidentified constituents in green tea that exert a protective
effect on the development of gastric and esophageal cancers.

The anticarcinogenic activity of tea polyphenols is believed
to be closely related to their antioxidative properties (38). Our
observation that the inverse tea polyphenol–cancer association
was largely confined to subjects relatively deficient in another
class of antioxidants, i.e. the carotenes, tends to support this
view. From our point of view, the null association between
green tea drinking and risk of gastric cancer in the recent
Japanese study published in the New England Journal of
Medicine could partly be explicable by the subjects’ relatively
high level of fruit and vegetable intake (thus, high intake of
carotenes) (24). In fact, the mean level of serum carotenes in
male Japanese (32.3 µg/dl, calculated based on authors’
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reported value of 0.603 µmol/l) is considerably higher than
that in our study population (10.1 µg/dl) (39). In addition, tea
has been shown to inhibit endogenous nitrosation in humans
(40,41); endogenously formed nitrosamines are recognized
etiologic agents for gastric and esophageal cancer (42,43).

The present study has certain limitations. (i) The Shanghai
Cohort Study, by design, relied on biomarkers for dietary
exposure assessment. We did not collect information on tea
consumption via in-person interviews at recruitment. Therefore,
the present study cannot examine the relationship between
self-reported tea consumption level and cancer risk, or the
associations between levels of tea drinking and the four urinary
tea polyphenols. (ii) A 24-h urine specimen would have offered
a more stable estimate of urinary levels of tea polyphenols for
each study subject. Unfortunately, this is impractical and too
costly for a large-scale cohort study such as ours. However,
there is indirect evidence that the spot urine specimens collected
as part of the Shanghai Cohort Study are capable of yielding
informative urinary biomarkers in exposure–cancer association
studies. Previously, using aflatoxin metabolites detected from
the single void urine samples, the Shanghai Cohort Study
provided the first set of analytical human evidence linking
aflatoxin exposure to hepatocellular carcinoma risk (17).
Nonetheless, the large variability of measurements based on
single void urine samples might explain the lack of a dose–
response relationship between EGC and cancer risk in the
present study. (iii) Another concern is the possible degradation
of the test compounds in urine over time. No data are available
regarding the effect of long term storage on the concentrations
of urinary tea polyphenols, although prior study has shown
that these urinary measurements remained unchanged when
samples had been stored at –80 °C for 6 months (4). However,
possible degradation of test compounds in urine over time
should not affect our conclusion concerning case–control
differences. Our cancer cases and their individually matched
control subjects possessed identical storage time (a matching
factor). Also, cancer cases and their matched controls were
tested in a single batch to minimize the effect of possible
inter-batch variation in measurement errors.

Although this study was based on a male cohort, there is
no reason to doubt that the result would not be applicable to
women. In fact, two interview-based case–control studies from
Shanghai, China, have reported a stronger protective effect of
green tea consumption among female subjects (15,16). Western
populations consumed mainly black tea, which contains much
less tea catechins than green tea. The finding of an inverse
EGC–cancer risk association from the present study, if con-
firmed, would suggest that sufficient amounts of black tea
should also yield a protective effect on gastric/esophageal
cancer.

In conclusion, the present study, which is the first prospective
study to evaluate biomarkers of tea polyphenol exposure and
cancer risk, provides direct evidence that tea polyphenols may
act as chemopreventive agents against gastric and esophageal
cancer development.
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