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ea consumption and risk of endometrial
ancer: a metaanalysis
a-Ping Tang, MD; Hua Li, MD; Yun-Liang Qiu, MD; Guo-Min Zhou, PhD; Jing Ma, PhD
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BJECTIVE: The objective of the study was to assess the association
etween tea consumption and endometrial cancer.

TUDY DESIGN: Studies were identified by searching PubMed and EMBASE
atabases and screening the references of retrieved articles. The summary rel-
tive risk (RR) with 95% confidence interval (CI) was calculated.

ESULTS: The combined RR for ever drinkers vs non/lowest drinkers
as 0.85 (95% CI, 0.77–0.94). Compared with non/lowest drinkers,

he summary RR was 0.88 (95% CI, 0.78–0.98) for low to moderate
rinkers and 0.75 (95% CI, 0.64–0.88) for high drinkers. An increase
ite this article as: Tang N-P, Li H, Qiu Y-L, et al. Tea consumption and risk of endom
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oi: 10.1016/j.ajog.2009.07.030
ndometrial cancer. In subgroup analyses, tea consumption was signif-
cantly associated with reduced endometrial cancer risk in Asian studies
nd studies using interviewing techniques. Furthermore, the protective
ffect of green tea on endometrial cancer seemed more evident than
hat of black tea.

ONCLUSION: Findings from this metaanalysis suggest that tea con-
umption may reduce the risk of endometrial cancer. Because of the
imited number of studies, further prospective studies are needed to ex-
lore the protective effect of tea on endometrial cancer.
n tea intake of 2 cups/day was associated with a 25% decreased risk of Key words: endometrial cancer, metaanalysis, tea consumption
etrial cancer: a metaanalysis. Am J Obstet Gynecol 2009;201:xx-xx.
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ndometrial cancer is the most com-
mon gynecologic malignancy and

he fourth most common cancer in
omen. According to American Cancer
ociety statistics for 2008, 40100 women
n the United States were expected to be
iagnosed with incident endometrial
ancer, and approximately 7470 women
ere expected to die of it.1 Although in-

remental improvements are made regu-
arly in the ways in which all treatment mo-
alities are applied to patients with
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ndometrial cancer, the prognosis from
his disease has only marginally improved.
herefore, more and more attention has
een given to primary prevention.
Tea, produced from the leaves of the

lant Camellia sinensis, is the second
ost consumed beverage behind wa-

er.2,3 Multiple lines of evidence support
protective effect of tea on various can-

ers.4,5 Evidences from studies in vitro
nd animal suggest that tea or the active
ngredient in tea, polyphenols, can re-
uce tumor formation, tumor size, and
ellular proliferation,6,7 probably through
cavenging reactive oxygen species, inhibi-
ion of tumor initiation, and modulation
f detoxification enzymes.7 However, the
esults based on epidemiological studies
n the association of tea consumption with
ndometrial cancer were inconsistent.
hus, we conducted a metaanalysis of all

elevant published studies to evaluate the
elationship between tea consumption and
ndometrial cancer.

ATERIALS AND METHODS
earch strategy
e identified studies by a literature search

f the PubMed and EMBASE databases
from 1966 to February 2009) with the fol-
owing key words: “tea,” “green tea,”
black tea,” “flavonoid,” “catechin,”
aflavin” combined s

MONTH 2009 Ame
ith “endometrial neoplasms,” “endome-
rial cancer,” “endometrial tumor,” “en-
ometrial carcinoma,” or “uterine corpus
ancer.” We also reviewed reference lists of
etrieved articles or preceding reviews for
dditional pertinent studies. No language
estrictions were imposed. All searches
ere conducted independently by 2 au-

hors (N.-P.T. and H.L.). The results were
ompared, and any questions or discrep-
ncies were resolved through iteration and
onsensus.

tudy selection
or inclusion in the metaanalysis, the

dentified articles had to fulfill the fol-
owing criteria: (1) they had a cohort or
ase-control design; (2) the exposure of
nterest was tea consumption; (3) the
utcome of interest was primary endo-
etrial cancer; and (4) the risk estimates
ith their corresponding 95% confi-
ence intervals (CIs) were reported (or
ata to calculate them).
The process of study selection was

hown in Figure 1. Thirteen potentially rel-
vant studies8-20 were identified by search-
ng electronic databases and reference lists
f retrieved articles or preceding reviews.
ive studies8-12 were excluded because
hey did not report data regarding tea con-
umption and endometrial cancer. One

tudy13 was excluded because it was a du-

rican Journal of Obstetrics & Gynecology 1.e1
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licate of a previous report14 from the
ame population. Thus, a total of 7 stud-
es14-20 with 2 cohort studies15,16 and 5
ase-control studies14,17-20 were included
n this metaanalysis.

ata extraction
he following data were extracted inde-

FIGURE 1
Process of study selection

ang. Tea consumption and risk of endometrial cancer. Am J
endently by 2 researchers from each c

.e2 American Journal of Obstetrics & Gynecology
tudy: the first author’s last name, year of
ublication, study population, study de-
ign, type of controls for case-control
tudies (population- or hospital-based
ontrols), study period, sample size
cases and controls or cohort size), expo-
ure of tea consumption, tea type,

ethod of tea assessment, covariates

tet Gynecol 2009.
ontrolled for in the analysis, and the risk w

MONTH 2009
stimates with corresponding 95% CIs.
or each study, we extracted the risk es-
imates that reflected the greatest degree
f control for potential confounders.

tatistical analysis
tudy-specific risk estimates were ex-
racted from each study, and log risk es-
imates were weighted by the inverse of
heir variances to obtain a pooled risk es-
imate. We first compared the risk of en-
ometrial cancer in ever drinkers with
on/lowest drinkers. Several studies did
ot report a risk estimate for ever drink-
rs. For these studies, a summary esti-
ate for ever drinkers was calculated us-

ng reported risk estimate for each tea
onsumption category. This summary
stimate was used in the metaanalysis for
alculation of the overall relative risk
RR) for ever drinkers.

To estimate summary RR for various
evels of tea consumption, we also calcu-
ated the study-specific estimates sepa-
ately for low to moderate tea consump-
ion (defined as �0 cup/d to �2 cups/d
or Zheng et al15; �0 cup/d to �7
ups/wk for Gao et al17; �0 cup/d to �7
ups/wk for Xu et al14; �4 cups/wk to
4 cups/d for Kakuta et al19; �4

ups/wk to �5 cups/d for Shimazu et
l16; and �0 cup/d to �2 cups/d for Mc-
ann et al20). Estimates were also calcu-

ated for high tea consumption (defined
s �2 cups/d for Zheng et al15; �7
ups/wk for Gao et al17; �7 cups/d for
irose et al18; �7 cups/wk for Xu et al14;
4 cups/d for Kakuta et al19; �5 cups/d

or Shimazu et al16; and �2 cups/d for
cCann et al20). These study-specific es-

imates were then pooled using the in-
erse of the corresponding variances as
eights.
Statistical heterogeneity among stud-

es was assessed with the Q and I2 statis-
ics21; P � .10 was considered statistically
ignificant.22 If no heterogeneity was ob-
erved, the fixed-effect model (the Man-
el-Haenszel method) was used to calcu-
ate the pooled RR; otherwise, the
andom-effect model (the DerSimonian
nd Laird method) was used.

For the dose-response metaanalysis,
Obs
e used the method proposed by
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reenland and coworkers23,24 to calcu-
ate study-specific slopes from the cor-
elated natural logarithm of the RR
cross categories of tea consumption.

e attempted to place the studies on a
ommon scale by estimating the RR for
n increase in tea consumption of 2
ups/d. For each study, we calculated
he median cups of tea consumption
or each category by assigning the mid-
oint of upper and lower boundaries in
ach category as the average consump-
ion. If the upper bound was not pro-
ided, we assumed that it had the same
mplitude as the preceding category.23

ecause this method requires the risk
stimates with their variances for at
east 3 quantitative exposure catego-
ies, the study by Hirose et al18 with
nly 2 categories was not included in

TABLE 1
Characteristics of studies included

Study reference Study design Study population

Zheng et ala Cohort United States

...................................................................................................................

Shimazu et ala Cohort Japan

...................................................................................................................

Gao et alb PCC China

...................................................................................................................

Hirose et ala HCC Japan

...................................................................................................................

Xu et alb PCC China

...................................................................................................................

Kakuta et ala PCC Japan

...................................................................................................................

McCann et ala HCC United States

...................................................................................................................

BMI, body mass index; CI, confidence interval; DM, diabetes m
a These studies used self-administrated questionnaire for tea

Tang. Tea consumption and risk of endometrial cancer. A
his analysis. In addition, this method C
lso requires that the distribution of
ases and noncases (or person-time)
or at least 3 quantitative exposure cat-
gories are known. For studies15,16 that
id not provide the number of cases and
oncases in each consumption category,
e estimated the slopes using variance-
eighted least squares regression.
A sensitivity analysis in which 1

tudy at a time removed and the rest
nalyzed was conducted to evaluate
hether the results could have been af-

ected significantly by a single study.
ublication bias was assessed through
isual inspection of funnel plots, and
he Egger’s regression asymmetry test
ith P � .10 was considered represen-

ative of statistically significant publi-
ation bias.25 All statistical analyses were
onducted using Stata (version 9.2; Stata-

the metaanalysis

dy period
Cases/controls or
cohort Tea consumption

Ris
(95

6-1993 249/35,369 Never/monthly
Weekly
1 cup/d
�2 cups/d

1.0
1.0
1.2
0.7

.........................................................................................................................

0-2005 117/53,724 �4 cups/wk
1-2 cups/d
3-4 cups/d
�5 cups/d

1.0
1.0
0.7
0.7

.........................................................................................................................

7-2002 995/1087 Never
Ever
�7 cups/wk
�7 cups/d

1.0
0.8
1.1
0.7

.........................................................................................................................

0-2000 229/12,425 Never/occasional
�7 cups/d

1.0
1.3

.........................................................................................................................

7-2003 1204/1212 Never
Ever
1-6 cups/wk
7 cups/wk
�7 cups/wk

1.0
0.8
1.2
0.7
0.8

.........................................................................................................................

2-2007 152/285 �4 cups/wk
5-6 cups/wk to 1
cup/d
2-3 cups/d
�4 cups/d

1.0
0.7
0.6
0.3

.........................................................................................................................

2-1998 541/541 Never
0.5 cups/d
1-2 cups/d
�2 cups/d

1.0
0.8
0.8
0.5

.........................................................................................................................

us; HCC, hospital-based case-control study; PCC, population-bas

ssment; b These studies used interview for tea assessment.

bstet Gynecol 2009.
orp, College Station, TX). I

MONTH 2009 Ame
ESULTS

even published studies (2 cohort stud-
es and 5 case-control studies) regarding
he association between tea consump-
ion and risk of endometrial cancer were
ncluded in our metaanalysis (Table 1).

f these studies, 2 were conducted in the
nited States,15,20 2 in China,14,17 and 3

n Japan.16,18,19 Among case-control
tudies, 3 used population-base con-
rols14,17,19 and 2 used hospital-based
ontrols.18,20

Risk estimates for ever drinkers vs
on/lowest drinkers are shown in Figure
and Table 2. The summary RR of en-

ometrial cancer from all studies was
.85 (95% CI, 0.77– 0.94). There was no
tatistically significant heterogeneity
cross the studies (Q � 10.15; P � .118;

timate
I) Adjustments

.75–1.37)

.87–1.94)

.45–1.27)

Age, education, smoking status, pack-years
of smoking, physical activity, all fruit and
vegetable intake, waist/hip ratio, family
history of cancer, age at menarche, age at
menopause, and age at first pregnancy

..................................................................................................................

.62–1.74)

.47–1.35)

.44–1.30)

Age, study area, BMI, menopausal status,
age at menopause, use of exogenous
female hormones, smoking status, green
vegetable consumption, beef consumption,
pork consumption, and coffee consumption

..................................................................................................................

.67–1.00)

.69–1.82)

.63–0.96)

Age, education, age at menarche in years,
menopausal status, number of pregnancies,
use of oral contraceptives, family history of
cancer, and BMI

..................................................................................................................

.75–2.35)
Age, year, motivation for consultation,
parity, age at first delivery, smoking,
drinking, type of breakfast, fondness of
salty and fatty foods, fruit, vegetable, beef,
fish, carrot, exercise and BMI

..................................................................................................................

.60–1.00)

.80–2.00)

.60–0.90)

.40–1.70)

Age, education, menopausal status, years
of menstruation, number of pregnancies,
diagnosis of diabetes, alcohol consumption,
BMI, physical activity, energy intake, total
fruit and vegetable intake, and soy protein
intake

..................................................................................................................

.37–1.58)

.30–1.23)

.15–0.75)

BMI, education, number of pregnancies,
menopausal status, smoking status, DM,
total calorie intake, miso soup intake, tofu
intake, and coffee intake

..................................................................................................................

.57–1.14)

.63–1.26)

.35–0.90)

Age, hormone replacement use, oral
contraceptive use, education, smoking
status, BMI, menopausal status, and coffee
intake

..................................................................................................................

ase-control study.
in

Stu
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2 � 40.9). The summary RRs from the
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ohort studies and all case-control stud-
es were 0.97 (95% CI, 0.81–1.17) and
.80 (95% CI, 0.77– 0.94), respectively.
Figure 3 and Table 2 show the RRs for

ohort studies and case-control studies
eparately and overall according to low to

oderate and high level of tea consump-
ion. The summary RR for low to moder-
te consumption of tea was 0.88 (95% CI,
.78–0.98). No statistically significant het-
rogeneity was noted across the studies (Q

7.68; P � .175; I2 � 34.9). The summary
R was 1.05 (95% CI, 0.85–1.28) for co-
ort and 0.81 (95% CI, 0.71–0.93) for
ase-control studies. The pooled RR for
igh consumption of tea was 0.75 (95% CI,
.64–0.88), with no significant heteroge-
eity between studies (Q � 9.50; P � .148;

2 � 36.8). The RRs were 0.76 (95% CI,
.52–1.10) for cohort studies and 0.72
95% CI, 0.51–1.02) for case-control
tudies.

Given the wide array of measurement
ategories reported among studies, we
lso conducted dose-response analysis of
ea consumption for endometrial cancer
isk (Figure 4 and Table 2). Our data in-

ancer risk

I)

Heterogeneity test

Q P I2, %

..................................................................................................................

0.94) 10.15 .118 40.9
..................................................................................................................

1.17) 0.98 .323 0.0
..................................................................................................................

0.94) 5.80 .215 31.0
..................................................................................................................

..................................................................................................................

0.98) 7.68 .175 34.9
..................................................................................................................

1.28) 0.78 .378 0.0
..................................................................................................................

0.93) 2.62 .454 0.0
..................................................................................................................

..................................................................................................................

0.88) 9.50 .148 36.8
..................................................................................................................

1.10) 0.00 .972 0.0
..................................................................................................................

1.02)a 9.49 .050 57.9
..................................................................................................................

..................................................................................................................

0.88)a 9.33 .097 46.4
..................................................................................................................

1.05) 0.07 .793 0.0
..................................................................................................................

0.87) 2.26 .520 0.0
..................................................................................................................
FIGURE 2
Summary RRs of endometrial cancer for ever tea
consumption vs non/lowest tea consumption

quares indicated study-specific risk estimates (size of square reflects the study-statistical weight);
orizontal lines indicate 95% confidence intervals; diamond indicates summary relative risk estimate
ith its corresponding 95% confidence interval.

I, confidence interval; OR, odds ratio; RR, relative risk.

ang. Tea consumption and risk of endometrial cancer. Am J Obstet Gynecol 2009.
TABLE 2
Summary risk estimates and 95% CIs for tea consumption and endometrial c

Variables Study, n Cases, n RR (95% C

Ever drinkers vs non/lowest drinkers
.....................................................................................................................................................................................................................................................

All studies 7 3487 0.85 (0.77–
.....................................................................................................................................................................................................................................................

Cohort studies 2 366 0.97 (0.81–
.....................................................................................................................................................................................................................................................

Case-control studies 5 3121 0.80 (0.77–
..............................................................................................................................................................................................................................................................

Low to moderate drinkers vs non/lowest drinkers
.....................................................................................................................................................................................................................................................

All studies 6 3258 0.88 (0.78–
.....................................................................................................................................................................................................................................................

Cohort studies 2 366 1.05 (0.85–
.....................................................................................................................................................................................................................................................

Case-control studies 4 2892 0.81 (0.71–
..............................................................................................................................................................................................................................................................

High drinkers vs non/lowest drinkers
.....................................................................................................................................................................................................................................................

All studies 7 3487 0.75 (0.64–
.....................................................................................................................................................................................................................................................

Cohort studies 2 366 0.76 (0.52–
.....................................................................................................................................................................................................................................................

Case-control studies 5 3121 0.72 (0.51–
..............................................................................................................................................................................................................................................................

Increment of 2 cups/d
.....................................................................................................................................................................................................................................................

All studies 6 3258 0.75 (0.63–
.....................................................................................................................................................................................................................................................

Cohort studies 2 366 0.90 (0.77–
.....................................................................................................................................................................................................................................................

Case-control studies 4 2892 0.66 (0.69–
..............................................................................................................................................................................................................................................................

CI, confidence interval; RR, relative risk.
a Random-effect model.
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icated that an increase in tea consump-
ion of 2 cups/d was statistically signifi-
antly associated with a 25% decreased
isk of developing endometrial cancer
RR, 0.75; 95% CI, 0.63– 0.88). The RRs
ere 0.90 (95% CI, 0.77–1.05) for cohort

tudies and 0.66 (95% CI, 0.69 – 0.87) for
ase-control studies.

The results of subgroup analyses by tea
ype, study population, and tea assess-

ent are shown in Table 3. In the sub-
roup analysis by tea type, we noted that
reen tea consumption was significantly
ssociated with decreased risk of endo-
etrial cancer (RR, 0.79; 95% CI, 0.69 –

.90), whereas no such association was
bserved for black tea (RR, 0.75; 95% CI,
.45–1.27). When subgroup analysis was
onducted by study population, a statis-
ical significant protective effect of tea
onsumption on endometrial cancer was
bserved in Asia (RR, 0.81; 95% CI,
.71– 0.93) but not the United States
RR, 0.90; 95% CI, 0.68 –1.19). A sub-
roup analysis was also performed ac-
ording to assessment method of tea
onsumption. Statistical significant as-
ociation was observed among studies
sing interviewing techniques (RR, 0.81;
5% CI, 0.69 – 0.95) but not among stud-
es using self-administered question-
aires (RR, 0.86; 95% CI, 0.70 –1.07).
A sensitivity analysis in which 1 study
as removed at a time was performed to

valuate the stability of the results. The
ummary RR ranged from 0.80 (95% CI,
.72– 0.90) (when excluding the study by
heng et al15) to 0.87 (95% CI,
.78 – 0.96) (when excluding the study
y Kakuta et al19), indicating the stability
f results. No indication of publication
ias was observed from either visualiza-
ion of funnel plot (Figure 5) or Egger’s
est (P � .971).

OMMENT

his metaanalysis summarized the evi-
ence to date regarding the association
etween tea consumption and endome-
rial cancer risk, representing a pooled
otal of 3487 cases and 104,643 noncases.
he results suggest that tea consumption
as statistically significantly associated

ith reduced risk of endometrial caner. e
Overall, there was no evidence of het-
rogeneity among the included studies
n tea consumption and endometrial
ancer risk. When the various studies
ere stratified by study design, we noted

hat the inverse association between tea
onsumption and endometrial cancer
isk was more evident among case-con-
rol studies than among cohort studies.
t was likely that the nonsignificant asso-
iation observed among cohort studies
ay be due to chance because the 2 co-

ort studies with a small number of cases
249 cases in the study by Zheng et al,15

nd 117 cases in the study by Shimazu et
l16) may have insufficient statistical
ower to detect a slight effect or may
ave generated a fluctuated risk

FIGURE 3
Summary RRs of endometrial canc
and high tea consumption vs non/l

quares indicated study-specific risk estimates (
orizontal lines indicate 95% confidence intervals
ith its corresponding 95% confidence interval.

I, confidence interval; OR, odds ratio; RR, relative risk.

ang. Tea consumption and risk of endometrial cancer. Am J
stimate. s
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The biologic mechanism whereby tea
educes the risk of endometrial cancer is
ikely to be multifactorial. The majority
f established risk factors for endome-
rial cancer support a hormonal etiol-
gy.26 An increased exposure to endoge-
ous estrogen, such as early menarche,

nfertility, obesity, and late menopause,
as been suggested to associate with in-
reased risk of endometrial cancer.26 Tea
ontains large amounts of caffeine,
hich has been shown to mediate

hanges in hormone levels including
own-regulation of free estradiol and
estosterone,27,28 and up-regulation of
lasma estrone and sex hormone bind-

ng globulin (SHBG).28,29 In addition,
ea contains a number of antioxidants,

for low to moderate
est tea consumption

of square reflects the study-statistical weight);
amond indicates summary relative risk estimate

tet Gynecol 2009.
er
ow

size
; di

Obs
uch as catechins, that could affect carci-
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