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Abstract
Epidemiological studies have demonstrated inconsistent associations between tea consumption and mortality of all cancers, CVD and all causes.
To obtain quantitative overall estimates, we conducted a dose–response meta-analysis of prospective cohort studies. A literature search in PubMed
and Embase up to April 2015 was conducted for all relevant papers published. Random-effects models were used to calculate pooled relative risks
(RR) with 95% CI. In eighteen prospective studies, there were 12 221, 11 306 and 55 528 deaths from all cancers, CVD and all causes, respectively.
For all cancer mortality, the summary RR for the highest v. lowest category of green tea and black tea consumption were 1·06 (95% CI 0·98, 1·15)
and 0·79 (95% CI 0·65, 0·97), respectively. For CVD mortality, the summary RR for the highest v. lowest category of green tea and black tea
consumption were 0·67 (95% CI 0·46, 0·96) and 0·88 (95% CI 0·77, 1·01), respectively. For all-cause mortality, the summary RR for the highest v.
lowest category of green tea and black tea consumption were 0·80 (95% CI 0·68, 0·93) and 0·90 (95% CI 0·83, 0·98), respectively. The dose–
response analysis indicated that one cup per d increment of green tea consumption was associated with 5% lower risk of CVD mortality and with
4% lower risk of all-cause mortality. Green tea consumption was significantly inversely associated with CVD and all-cause mortality, whereas black
tea consumption was significantly inversely associated with all cancer and all-cause mortality.
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Cancer and CVD are two of the most common leading causes
of mortality worldwide. According to the World Health
Organization(1), cancer and CVD accounted for 8·2 and 17·5
million deaths worldwide in 2012, representing 15 and 31 % of
all global deaths, respectively. Over the past few decades,
dietary factors were postulated to play an important role in the
prevention of various degenerative diseases. Tea, the second
most popular beverage around the world, was reported to be
protective against cancer and CVD(2,3).
It is generally believed that the anti-cancer effects of tea are

attributed to its abundant polyphenols. The main anti-cancer
mechanisms of tea polyphenols include promotion of anti-
oxidant activity, inhibition of NF-κB and AP-1, regulation of the
cell cycle, inhibition of receptor tyrosine kinase pathways,
control of epigenetic modifications and modulation of the
immune system(4). It has been proved that an increased level of
plasma cholesterol is a major risk factor for CVD. Tea and its
polyphenols could lower plasma cholesterol levels by increas-
ing the expression of LDL and reducing the oxidisation of
LDL(5,6). It has also been suggested that tea can inhibit the
process of atherosclerosis by removing reactive oxygen species,
inducing hypolipaemia and decreasing antifibrinolysis(7).

In general, tea and its polyphenols could be effective dietary
factors for the prevention of cancer and CVD.

However, results from observational studies have been
inconsistent. To date, we identified eighteen cohort studies
investigating the associations between tea consumption and
mortality of all cancers, CVD and all causes(8–25). Among them,
one study(23) suggested an inverse association between tea
consumption and mortality of all cancers, whereas another
seven studies suggested a null association(9,11,13,14,18,24,25).
Similarly, conclusions from the studies that investigated the
association between tea consumption and mortality from CVD
and all causes were inconsistent.

Although a significant number of meta-analyses have been
carried out to investigate the relationship between tea con-
sumption and cancer and CVD in recent years, they mainly
focused on individual cancers or specific types of CVD. The
outcome of the studies, included in these meta-analyses, was
primarily risk of incidence, but not mortality. Several questions
are still unanswered – for example, whether the associations
remain consistent when it comes to mortality of all cancers, all
CVD and all causes, compared with morbidity of individual
cancers or specific types of CVD. Therefore, it is necessary to

* Corresponding author: Professor D. Li, fax + 86 571 8898 2024, email duoli@zju.edu.cn

† These authors contributed equally to the present work.

British Journal of Nutrition (2015), 114, 673–683 doi:10.1017/S0007114515002329
© The Authors 2015

https://doi.org/10.1017/S0007114515002329  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515002329


conduct a meta-analysis with cohort studies using mortality as
the outcome. The objective of the present study was to inves-
tigate the association between tea consumption and mortality of
all cancers, CVD and all causes. In addition, a dose–response
analysis was carried out to determine trend estimation, and sub-
group analyses were carried out to examine sources of
heterogeneity.

Methods

Selection of studies

Our report followed the Meta-analysis Of Observational Studies
in Epidemiology Guidelines(26). PubMed and Embase were
searched for all relevant papers published in English from
1 January 1966 to 10 April 2015 and from 1 January 1974 to
10 April 2015, respectively. The search terms included ‘tea’
(or ‘coffee’ or ‘beverage’ or ‘beverages’ or ‘dietary habits’ or
‘flavonols’ or ‘flavonoids’ or ‘caffeine’ or ‘catechin’); ‘all cancers’
(or ‘cancer’ or ‘carcinoma’ or ‘carcinomas’ or ‘neoplasm’ or
‘neoplasms’ or ‘oral cancer’ or ‘breast cancer’ or ‘liver cancer’
or ‘pancreatic cancer’ or ‘stomach cancer’ or ‘gastric cancer’ or
‘colon cancer’ or ‘rectal cancer’ or ‘colorectal cancer’ or ‘prostate
cancer’); ‘cardiovascular disease’ (or ‘CVD’ or ‘all cardiovascular
diseases’ or ‘all CVDs’ or ‘vascular disease’ or ‘vascular event’ or
‘coronary heart disease’ or ‘CHD’ or ‘angina’ or ‘ischemic heart
disease’ or ‘IHD’ or ‘myocardial ischemia’ or ‘myocardial
infarction’ or ‘MI’ or ‘coronary artery disease’ or ‘atherosclerosis’);
‘all-cause’ (or ‘all causes’ or ‘overall’ or ‘total’); ‘prospective’
(or ‘cohort’ or ‘nest case control’ or ‘nest case-control studies’);
and ‘mortality’ (or ‘risk’ or ‘incedence’ or ‘morbidity’). The
complete details of the search strategy are shown in the online
Supplementary Methods. The search was restricted to human
studies. Furthermore, references from the retrieved articles were
reviewed to identify potential bibliographies.
The search was conducted by two of the authors (J. T. and

J. Z.) independently, and discrepancies were resolved through
group discussion. Included studies were required to meet the
following criteria: (a) studies used a prospective observational
design (prospective cohort or nested case–control study);
(b) risk estimates (hazard ratio (HR) or RR) with their corre-
sponding 95 % CI of mortality rate for each category of tea
consumption were available; and (c) the most recent and
complete study was included if cohorts were duplicated. The
exclusion criteria were as follows: (a) case–control or inter-
vention studies; (b) the outcome was risk of incidence, not
mortality; (c) the detailed risk estimates were not reported;
(d) studies only investigated individual cancers, but did not
report mortality of all cancers; and (e) studies only investigated
specific types of CVD such as CHD and stroke, but did not
report overall CVD mortality.

Data extraction

We collected the following data from the included studies: first
author’s name, year of publication, study region, age of
subjects, duration of follow-up, sex, sample size, type of tea
consumed, number of events for each tea consumption

category, adjusted covariates, methods of dietary assessment
and HR or RR with their 95 % CI for mortality of all cancers, CVD
and all causes.

Quality assessment was conducted according to the
Newcastle–Ottawa criteria for non-randomised studies(27). A
maximum of 9 points was assigned to each study: 4 for selec-
tion, 2 for comparability and 3 for assessment of outcomes for
cohort study. Comparability was assessed based on the adjust-
ment of age and BMI; 10 years or above was considered to be
the adequate length of follow-up, and 80 % response rate was
considered to be adequate. We regarded scores of 0–3, 4–6 and
7–9 as low, moderate and high quality, respectively.

Statistical analysis

RR was considered as the common risk estimate for the
associations between tea consumption and mortality. HR was
treated as RR directly. RR from each study was transformed to its
natural logarithm, and the 95 % CI was used to calculate the
corresponding standard error. As different studies might report
different exposure categories, we used the study-specific RR for
the highest v. lowest category of tea consumption in this
meta-analysis. Dersimonian and Laird random-effects model,
which takes variation both within and between studies into
consideration, was used to combine the RR and they were
weighted by the inverse of their variance.

Dose–response analysis was carried out according to Green-
land and Longnecker(28) and Orsini et al.(29), which estimates
study-specific slope and 95% CI from the natural logs of the
RR estimates and CI across categories of tea consumption.
According to this method, amount of tea consumption, RR, 95 %
CI and distribution of cases and person-years/non-cases in each
included study should be extracted for the trend estimation
using generalised least squares regression. For studies that did
not provide the number of cases or person-years/non-cases,
slopes were estimated using variance-weighted least squares
regression. For studies conducted in Western countries that did
not describe the type of tea, black tea was considered as the tea
consumed, based on the fact that people living in these counties
primarily consume black tea in daily life(30). Midpoint of the
upper and lower boundaries was considered as the dose of each
category when the study reported only the range of tea
consumption. If the highest category was open-ended, we
regarded it as of the same amplitude as the preceding one. The
lowest boundary was set to 0 if the lowest category was open.
We regarded 150 g tea beverages equivalent to one cup of tea.
To estimate a potential non-linear association, we used a two-
step random-effects model: tea consumption was modelled
using restricted cubic splines with three knots at 10, 50 and 90 %
of the distribution of tea consumption(31); a P value was then
obtained by testing the null hypothesis that the regression
coefficient of the second spline was equal to 0(32). Study-specific
coefficient estimates were calculated using generalised least
squares regression, and subsequently the regression coefficients
of each study were pooled using the multivariate random-effects
meta-regression model proposed by Jackson et al.(33).

We assessed statistical heterogeneity with Q and I2 statistics.
I2 values of 25, 50 and 75 % corresponded to cut-off points for
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low, moderate and high degrees of heterogeneity, respectively.
Sub-group analysis was carried out to examine sources of study
heterogeneity and the influence of potential confounding
factors such as region, sex, duration of follow-up years,
smoking status and study quality. Sensitivity analysis was car-
ried out by excluding one study at a time and evaluating the
effect of an individual study on the overall risk estimate. Begg’s
funnel plot and Egger’s regression test (significant at P< 0·05)
were used to evaluate publication bias. All the analyses were
carried out using STATA version 12.0 (StataCorp LP).

Results

Literature search and study characteristics

Fig. 1 represents the detailed selection process. Through full
test examination of sixty-two potential publications, we
identified eighteen eligible publications. Among them, six
cohorts(8,12,16,17,19,23) were from the USA, four cohorts(9,15,20,22)

were from Europe and eight cohorts(10,11,13,14,18,21,24,25) were

from Asian countries. Eight cohorts(9,11,13,14,18,23,24,25) involving
12 221 cases among 163 854 individuals described the associa-
tion between tea consumption and all cancer mortality; ten
cohorts(10,12,14–16,18,19,21,23,24) involving 11 306 cases among
240 637 individuals described the association between tea con-
sumption and CVD mortality; fifteen cohorts(8,9,11,12,14–20,22,23–25)

involving 55 528 cases among 440 297 individuals reported the
association between tea consumption and all-cause mortality.

The main characteristics of the studies included in the
meta-analysis are summarised in online Supplementary
Table S1. The duration of follow-up ranged from 3 to 28 years.
The average score for quality assessment of the included studies
was 6·1, and all the studies scored 4 or above (online Supple-
mentary Table S2).

Tea consumption and all cancer mortality

Among the eight studies investigating associations between
tea consumption and all cancer mortality, two studies(13,24)

reported the RR for green tea and black tea consumption; thus,

Records identified through
database searching 

(n 2017)

Additional records identified
through other sources

(n 19)

Records after duplicates removed
(n 1061)

Records screened
(n 1061)

Studies included in
qualitative synthesis

(n 18)

All cancers: eight studies
CVD: ten studies

All causes: fifteen studies

Records excluded
(n 1016)

Full-text articles assessed
for eligibility

(n 62)

Full-text articles excluded, with
reasons (n 44)

Required data not provided (n 16)

Cross-sectional or intervention
studies (n 5)

Reviews (n 11)

Updated by other publications
(n 4)

Studies only reported mortality of
certain type of CVD (n 3)

Studies only reported mortality of
individual cancers (n 5)

Fig. 1. Flow diagram for the selection of studies in the meta-analysis.
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six sets of data for green tea consumption and four sets of data
for black tea consumption were used. For the highest v. lowest
categories of green tea and black tea consumption, the pooled
RR of all cancer mortality were 1·06 (95 % CI 0·98, 1·15;
I2= 0·0 %, P= 0·827) and 0·79 (95 % CI 0·65, 0·97; I2= 14·3 %,
P= 0·321), respectively (Fig. 2).
In the dose–response analysis for the association between tea

consumption and all cancer mortality, one article(13) was
excluded because it did not report the detailed dose for each
category of tea consumption. The pooled RR for one cup per d
increment of green tea and black tea consumption were 1·01
(95 % CI 0·99, 1·02) and 0·98 (95 % 0·86, 1·10), respectively
(online Supplementary Fig. S1). No significant dose–response
association was observed for either green tea or black tea
consumption with all cancer mortality.

Tea consumption and CVD mortality

Among the ten studies investigating associations between tea
consumption and CVD mortality, two studies(21,24) reported the
RR for green tea and black tea consumption; thus, five sets of data
for green tea consumption and seven sets of data for black tea

consumption were used. For the highest v. lowest categories of
green tea and black tea consumption, the pooled RR of CVD
mortality were 0·67 (95% CI 0·46, 0·97; I2= 85·3%, P< 0·001) and
0·88 (95% CI 0·77, 1·01; I2= 43·6, P= 0·101), respectively (Fig. 3).

The dose–response analysis indicated that one cup per d
increment of green tea consumption was associated with 5 %
lower risk of CVD mortality (RR= 0·95; 95 % CI 0·90, 0·99), and
one cup per d increment of black tea consumption was asso-
ciated with 8 % lower risk of CVD mortality (RR= 0·92; 95 % CI
0·85, 0·99) (online Supplementary Fig. S2).

Tea consumption and all-cause mortality

Among the fifteen studies investigating associations between
tea consumption and all-cause mortality, two studies(14,24)

reported the RR for green tea and black tea consumption; thus,
five sets of data for green tea consumption and twelve sets of
data for black tea consumption were used separately. For the
highest v. lowest categories of green tea and black tea con-
sumption, the pooled RR of all-cause mortality were 0·80 (95 %
CI 0·68, 0·93; I2= 88·7 %, P< 0·001) and 0·90 (95 % CI 0·83, 0·98;
I2= 63·7 %, P= 0·001), respectively (Fig. 4).

Studies for green tea consumption

(a)

(b)

lwai et al. 2002(11)

Khan et al. 2004(13)

Kuriyama et al. 2006(14)

Suzuki et al. 2009(18)

Odegaard et al. 2015(24)

Saito et al. 2015(25)

Overall (l2 = 0.0 %, P = 0.827)

Studies for black tea consumption

Hertog et al. 1997(9)

Khan et al. 2004(13)

Gardener et al. 2013(23)

Odegaard et al. 2015(24)

Overall (l2 = 14.3 %, P  = 0.321)

Weight (%)95 % CI

0.92    0.49, 1.73

1.00    0.73, 1.37

1.11    0.94, 1.31

0.82    0.45, 1.50

1.10    0.97, 1.25

1.00    0.85, 1.17

1.06    0.98, 1.15

RR

1.30    0.60, 2.81

0.74    0.42, 1.30

0.69    0.54, 0.88

0.90    0.66, 1.23

0.79    0.65, 0.97

6.63

11.90

48.02

33.45

100.00

Weight (%)

 25.60

40.64

1.80

23.72

6.59

1.64

100.00

0.1 1 2

0.1 1 2

RR

95% CI

Fig. 2. Relative risk (RR) of all cancer mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was used
to obtain the overall RR. The grey square stands for study-specific RR with the square size reflecting the corresponding weight and horizontal bars reflecting 95% CI.
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The dose–response analysis indicated that one cup per d
increment of green tea consumption was associated with
4 % lower risk of all-cause mortality (RR= 0·96; 95 % CI 0·94,
0·98), and one cup per d increment of black tea consumption
was associated with 3 % lower risk of all-cause mortality
(RR= 0·97; 95 % CI 0·94, 0·99) (online Supplementary Fig. S3).

Non-linear associations

No significant non-linear associations were observed for tea
consumption with mortality of all cancers and CVD (online
Supplementary Fig. S4). However, green tea and black tea
consumption both demonstrated a significant non-linear asso-
ciation with all-cause mortality (P= 0·009 and P< 0·001,
respectively) (Fig. 5). The slope of the relationship between
black tea consumption and all-cause mortality was roughly
U-shaped.

Assessment of publication bias

Begg’s funnel plot with 95 % CI limits was presented for visual
inspection (online Supplementary Fig. S5). Publication bias was
found only in the meta-analysis of associations between green
tea consumption and all-cause mortality; however, after the trim
and fill method was adopted, the pooled RR and corresponding
95 % CI remained stable.

Sub-group analysis

Table 1 represents the detailed results of the sub-group
analyses.

For all cancer mortality, sub-group analyses did not show any
substantial change in the summary RR for green tea consump-
tion. Black tea consumption, however, was inversely associated
with all cancer mortality only in studies with covariate adjust-
ment for smoking. In addition, the inverse association between

Studies for green tea consumption

Nakachi et al. 2000(10)

Kuriyama et al. 2006(14)

Suzuki et al. 2009(18).

Mineharu et al. 2011(21)

Odegaard et al. 2015(24)

Overall (I2 = 85.3 %, P = 0.000)

Studies for black tea consumption

Mukamal et al. 2002(12)

Bidel et al. 2006(15)

Andersen et al. 2006(16)

Zhang et al. 2009(19)

Mineharu et al. 2011(21)

Gardener et al. 2013(23)

Odegaard et al. 2015(24)

Overall (I2 = 43.6 %, P = 0.101)

0.72    0.50, 1.04

0.74    0.59, 0.92

0.24    0.14, 0.41

0.94    0.41, 2.16

0.97    0.84, 1.13

0.67    0.46, 0.96

21.20

24.39

17.39

11.40

25.62

100.00

RR      95 % Cl

0.54    0.33, 0.88

0.85    0.66, 1.10

0.99    0.86, 1.14

1.16    0.79, 1.70

0.85    0.21, 3.48

0.90    0.80, 1.02

0.66    0.46, 0.95

0.88    0.77, 1.01

6.35

16.16

27.50

9.39

0.88

29.86

9.87

100.00

0.1 1 2

210.1

(a)

(b)

Weight (%)

RR      95 % Cl Weight (%)

Fig. 3. Relative risk (RR) of CVD mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was
used to obtain the overall RR. The grey square stands for study-specific RR with the square size reflecting the corresponding weight and horizontal bars reflecting
95% CI.
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black tea consumption and all cancer mortality was only found
in studies with a higher quality (≥7).
For CVD mortality, the sub-group analyses indicated that for

green tea consumption the inverse association was observed
only in studies with adjustment for smoking, and the inverse
association was more evident in women compared with men.
For the association between black tea consumption and CVD
mortality, the sub-group analysis indicated that the inverse
association was observed only in studies conducted in Asian
countries.
The inverse association between green tea consumption and

all-cause mortality was observed only in studies with adjust-
ment for smoking. Black tea consumption was inversely asso-
ciated with all-cause mortality only in studies conducted in
Western countries.

Discussion

To the best of our knowledge, the present meta-analysis was
the first quantitative systematic analysis that investigated the
relationship between tea (black and green) consumption and
mortality of all cancers, CVD and all causes. Green tea con-
sumption was inversely associated with mortality of CVD and all
causes, whereas black tea consumption was inversely asso-
ciated with mortality of all cancers and all causes.

Tea consumption and all cancer mortality

Polyphenols are believed to be the main functional components
in tea. Catechins including epigallocatechin-3-gallate (EGCG),
epicatechin-3-gallate, epigallocatechin and epicatechin are the
most abundant polyphenolic components of green tea(34).

Studies for green tea consumption

Kuriyama et al. 2006(14)

Iwai et al. 2002(11)

Suzuki et al. 2009(18)

Odegaard et al. 2015(24)

Saito et al. 2015(25)

Overall (I2 = 88.7 %, P = 0.000)

(a)

(b)
Studies for black tea consumption

Klatsky et al. 1993(8)

Hertog et al. 1997(9)

0.1

Mukamal et al. 2002(12)

Kuriyama et al. 2006(14)

Bidel et al. 2006(15)

Andersen et al. 2006(16)

Paganini-Hill et al. 2007(17)

Zhang et al. 2009(19)

de Koning Gans et al. 2010(20)

Harris et al. 2012(22)

Gardener et al. 2013(23)

Odegaard et al. 2015(24)

Overall (I2 = 63.7 %, P = 0.001)

0.1 1 2

RR      95 % CI Weight (%)

0.85    0.77, 0.94

0.42    0.31, 0.56

0.73    0.53, 1.01

1.00    0.92, 1.08

0.88    0.83, 0.94

0.80    0.68, 0.93

23.96

12.16

13.51

24.87

25.51

100.00

RR      95 % CI Weight (%)

0.90    0.83, 0.98

0.72    0.59, 0.88

0.87    0.80, 0.95

0.84    0.64, 1.10

0.89    0.69, 1.15

1.00    0.73, 1.36

0.98    0.92, 1.04

1.03    0.95, 1.12

0.87    0.71,1.06

1.04    0.72, 1.51

0.56    0.37, 0.84

1.45    0.95, 2.21

0.83    0.69, 0.99 9.45

3.04

3.21

3.78

8.53

15.04

16.15

4.91

6.43

6.10

14.83

8.55

100.00

11.2

Fig. 4. Relative risk (RR) of all-cause mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was
used to obtain the overall relative risk. The grey square stands for study-specific relative risk with the square size reflecting the corresponding weight and horizontal
bars reflecting 95% CI.
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Catechins in black tea are not as abundant as in green tea, but
black tea contains more dimeric flavanols and polymeric
polyphenols known as theaflavins (TF) and thearubigins
(TR)(35). According to previous studies, catechins, especially
EGCG, can inhibit DNA damage and tumour promotion through
their antioxidant activity in in vitro cell cultures(36). Animal
studies have also confirmed similar results(37,38). Black tea and
black tea constituents, although less well studied, have also
been proven to have inhibitory effects against cancer(39–41).
However, the present study suggested that black tea con-

sumption was inversely associated with all cancer mortality,
whereas green tea consumption was not. The different effects
of green tea and black tea consumption on all cancer mortality
may be attributed to other confounding factors such as area and
dietary habits, rather than the different components in tea. In
this meta-analysis, for green tea consumption with all cancer
mortality, all the studies were conducted in Asia, especially in
Japan, and studies for black tea consumption with all cancer
mortality were conducted in both Western countries and Asian
countries. The sub-group analysis indicated that in Asia green
tea and black tea consumption both had no association with all
cancer mortality. One possible explanation for this phenom-
enon could be attributed to the dietary habits in Asian countries.
Several studies have confirmed that drinking hot tea may

increase the risk or mortality of cancer(42–44), and in Asian
countries, especially in China, mortality due to oesophageal
cancer were far higher compared with other countries, and
drinking hot tea was believed to be one of the risk factors(45).
To some extent, drinking hot tea may balance out the benefits
of the functional components in tea. Moreover, in these areas,
people tend to drink high concentrations of green tea and they
are often heavy smokers or alcohol drinkers. The smoking and
drinking habit may offset the protective effect of drinking tea on
cancer(43). The sub-group analysis also proved the discrepancy
between studies with and without covariate adjustment for
smoking.

The number of studies regarding the association between
black tea consumption and all cancer mortality was limited;
therefore, more prospective studies are warranted, especially
studies of black tea consumption in Asian countries and of
green tea consumption in Western countries.

Tea consumption and CVD mortality

As described above, the protective effects of tea against CVD
could be attributed to antioxidant components such as cate-
chins. Evidence has shown that the oxidisation of LDL can
cause atherosclerosis, which could eventually increase the risk
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Fig. 5. Dose–response analysis for non-linear associations between tea consumption and all-cause mortality: (a) green tea consumption; (b) black tea consumption.
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Table 1. Sub-group analyses of green tea and black tea consumption with mortality of all cancers, CVD and all causes (highest v. lowest category)*
(Number of cohorts, relative risk and 95% confidence intervals)

Green tea consumption Black tea consumption

Outcomes Sub-group Number of cohorts Relative risk 95% CI I 2 (%) Number of cohorts Relative risk 95% CI I 2 (%)

All cancers Overall 6 1·06 0·98, 1·15 0·0 4 0·79 0·65, 0·97 14·3
Regions

Asian countries 6 1·06 0·98, 1·15 0·0 2 0·86 0·65, 1·13 0·0
Western countries 0 – – – 2 0·85 0·47, 1·52 57·6

Sex
Men 5 1·06 0·96, 1·18 0·0 2 0·87 0·41, 1·87 50·8
Women 4 0·95 0·83, 1·09 0·0 1 1·00 0·41, 2·45 –

Both 1 1·10 0·97, 1·25 – 2 0·77 0·60, 1·00 42·3
Follow-up

≥10 years 3 1·05 0·96, 1·16 0·0 4 0·79 0·65, 0·97 14·3
<10 years 3 1·08 0·92, 1·26 0·0 0 – – –

Study quality
≥7 3 1·05 0·94, 1·16 0·0 3 0·75 0·57, 0·98 15·3
<7 3 1·08 0·96, 1·22 0·0 1 0·90 0·66, 1·23 –

Adjustment
For smoking 5 1·03 0·93, 1·15 0·0 3 0·75 0·57, 0·98 15·3
Not for smoking 1 1·10 0·97, 1·25 – 1 0·90 0·66, 1·23 –

CVD Overall 5 0·67 0·46, 0·96 85·3 7 0·88 0·77, 1·01 43·6
Regions

Asian countries 5 0·67 0·46, 0·96 85·3 2 0·67 0·47, 0·96 0
Western countries 0 – – – 5 0·91 0·79, 1·04 47·4

Sex
Men 4 0·72 0·42, 1·23 80·3 1 1·56 0·76, 3·20 –

Women 4 0·54 0·34, 0·84 70·0 3 1·01 0·80, 1·26 24·3
Both 1 0·97 0·84, 1·13 – 4 0·79 0·65, 0·96 50·3

Follow-up
≥10 years 2 0·97 0·84, 1·12 0·0 6 0·92 0·83, 1·01 18·1
<10 years 3 0·53 0·30, 0·93 87·0 1 0·54 0·33, 0·88 –

Study quality
≥7 4 0·63 0·36, 1·13 88·5 2 0·94 0·85, 1·03 0·8
<7 1 0·74 0·59, 0·92 – 5 0·79 0·61, 1·03 46·3

Adjustment
For smoking 4 0·58 0·36, 0·95 81·5 6 0·91 0·81, 1·03 34·3
Not for smoking 1 0·97 0·84, 1·13 – 1 0·66 0·46, 0·95 –

All causes Overall 5 0·80 0·68, 0·93 88·7 12 0·90 0·83, 0·98 63·7
Regions

Asian countries 5 0·80 0·68, 0·93 88·7 2 0·84 0·59, 1·19 65·9
Western countries 0 – – – 10 0·92 0·85, 1·00 60·9

Sex
Men 4 0·80 0·68, 0·95 72·4 1 1·45 0·95, 1·21 –

Women 4 0·74 0·60, 0·93 70·3 3 1·00 0·89, 1·14 21·0
Both 1 1·00 0·92, 1 ·08 – 8 0·86 0·78, 0·95 63·2

Follow-up
≥10 years 3 0·91 0·83, 1·00 76·0 9 0·94 0·86, 1·02 62·3
<10 years 2 0·55 0·32, 0·95 83·4 3 0·78 0·64, 0·94 37·3

Study quality
≥7 3 0·87 0·82, 0·91 0·0 5 0·98 0·86, 1·11 66·6
<7 2 0·66 0·28, 1·53 96·8 7 0·84 0·74, 0·96 66·1

Adjustment
For smoking 4 0·73 0·60, 0·89 87·4 10 0·93 0·86, 1·01 59·8
Not for smoking 1 1·00 0·92, 1·08 – 2 0·76 0·55, 0·89 0·0

* A random-effects model was used to obtain the overall relative risk of each sub-group.
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or mortality of CVD. Tea and its antioxidant compounds could
effectively reduce the oxidisation of LDL(46); therefore, it is
reasonable to conclude that tea consumption, especially green
tea consumption, could decrease the risk of CVD.
However, in this meta-analysis, we found that unlike green tea

black tea consumption had no significant association with CVD
mortality. One possible explanation was that, as described pre-
viously, black tea contains less catechins than green tea. The main
components of black tea are TF and TR; thus, the antioxidant
activity of black tea is not as significant as that of green tea(47),
which could explain the different protective effects of green tea
and black tea consumption against CVD. In addition, studies on
black tea consumption and CVD mortality were mainly
conducted in Western countries, and studies on green tea con-
sumption and CVD mortality were all conducted in Asian coun-
tries; therefore, race, genetic factors and lifestyle could be
potential factors that contributed to the different results
The sub-group analysis indicated that the inverse association

of tea consumption with CVD mortality was more evident in
women than in men. One single study(48) also found the same
phenomenon; they postulated that men tend to smoke more
compared with women, and thus it might mask the beneficial
association of green tea consumption. Cheng(49) summarised
that the functional components of green tea that have cardio-
protective actions were not only flavonoids but also oestrogens
and phyto-oestrogens. Oestrogen-related mechanisms could be
another explanation for the stronger inverse association
between tea drinking and cardiovascular mortality in women
compared with men.
Heterogeneity substantially reduced among studies with

longer follow-up duration (≥10 years); thus, years of follow-up
could be one factor that could cause heterogeneity between
studies. Furthermore, the number of studies regarding the
association between tea consumption and CVD mortality was
limited; therefore, more studies are warranted for further
analysis.

Tea consumption and all-cause mortality

For all-cause mortality, high degree and moderate degree of
heterogeneity were observed between studies for green tea and
black tea consumption, respectively. For green tea consumption,
sensitivity analysis indicated that the heterogeneity vanished
among studies with a high quality (≥7). For black tea consump-
tion, heterogeneity substantially reduced in sub-groups for men
or women, but still remained moderate in sub-groups for both
sexes. Therefore, study quality and sex could be two confounding
factors leading to heterogeneity between studies. However,
sources of heterogeneity between these studies were still not clear
and warrant further investigation.
The dose–response analysis for non-linear association sug-

gested that the maximum reduction in all-cause mortality was
observed at two to three cups of tea per d, whereas under a
high degree of tea consumption (more than five cups per d),
the reason why associations became null or positive is still not
very clear. Based on the current evidence, we can still conclude
that two cups of tea, whether green or black tea, have a
beneficial effect on health.

Strengths and limitations

The present meta-analysis has several strengths. First, the large
sample size makes it reliable to assess the association between
tea consumption and mortality of all cancers, CVD and all
causes, and the results of the present study appear to be more
powerful than any individual study. Second, the prospective
nature of the included studies avoided the influence of recall
and selection bias. Third, we systematically reviewed and
assessed the summarised association between mortality due to
different causes and different types of tea, including green tea
and black tea. These data provide the most comprehensive
view of the association between tea consumption and mortality
of all cancers, CVD and all causes, based on the current
evidence.

This meta-analysis also has several limitations. First, available
data from studies for black tea consumption in Asian countries
and studies for green tea consumption conducted in Western
countries are rather limited. Therefore, more prospective stu-
dies are needed for further detailed analysis. Second, we did not
differentiate between the different types of CVD and cancer,
because the number of included cohorts was limited. Third, the
observational nature of the included studies makes it subject to
the influence of residual confounders. In addition, all the stu-
dies included in this meta-analysis were in English, thus possi-
ble language bias could occur.

Conclusions

The present systematic review and meta-analysis indicated that
green tea consumption was inversely associated with CVD and
all-cause mortality, but not associated with all cancer mortality.
On the other hand, black tea consumption was found to be
inversely associated with all cancer and all-cause mortality, but
not associated with CVD mortality. The inverse association
between green tea consumption and CVD mortality was more
evident in women than in men; however, the reason is
unknown and requires further research. Finally, more studies
on different types of tea consumption within Asian and Western
countries are warranted.

Acknowledgements

We thank Dr Andrew J. Sinclair at the School of Medicine,
Deakin University, Victoria, Australia for helping to revise this
manuscript.

This study was funded by National Natural Science
Foundation of China (NSFC No. 81273054); by the PhD
Programs Foundation of Ministry of Education of China
(20120101110107); and by the National Basic Research Program
of China (973 Program: 2011CB504002). The funder had no role
in the study design, data collection and analysis, decision to
publish or preparation of the manuscript.

J. T. and J. Z. were responsible for the study concept and
design; J. T. and J. Z. acquired the data; J. T., J. Z., L. F., Y. J. and
W. C. analysed and interpreted the data; all the authors con-
tributed to the manuscript drafting. J. T., J. Z. and D. L. were
responsible for the critical revision of the manuscript for
important intellectual content; J. T., J. Z. and W. C. carried out

Tea consumption and mortality 681

https://doi.org/10.1017/S0007114515002329  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515002329


the statistical analysis; and D. L. obtained the funding and was
responsible for the study supervision.
There are no conflicts of interest.

Supplementary Material

For supplementary material/s referred to in this article, please
visit http://dx.doi.org/10.1017/S0007114515002329

References

1. World Health Organization (2014) Global Status Report on
Noncommunicable Diseases 2014. Geneva: WHO.

2. Chen D, Milacic V, Chen MS, et al. (2008) Tea polyphenols,
their biological effects and potential molecular targets. Histol
Histopathol 23, 487–496.

3. Tangney CC & Rasmussen HE (2013) Polyphenols, inflam-
mation, and cardiovascular disease. Curr Atheroscler Rep
15, 324.

4. Shirakami Y, Shimizu M & Moriwaki H (2012) Cancer chemo-
prevention with green tea catechins: from bench to bed. Curr
Drug Targets 13, 1842–1857.

5. Brown MS & Goldstein JL (1998) Sterol regulatory element
binding proteins (SREBPs): controllers of lipid synthesis and
cellular uptake. Nutr Rev 56, S54–S75.

6. Kuhn DJ, Burns AC, Kazi A, et al. (2004) Direct inhibition of
the ubiquitin-proteasome pathway by ester bond-containing
green tea polyphenols is associated with increased expression
of sterol regulatory element-binding protein 2 and LDL
receptor. Biochim Biophys Acta 1682, 1–10.

7. Vinson J, Teufel K & Wu N (2004) Green and black teas inhibit
atherosclerosis by lipid, antioxidant, and fibrinolytic
mechanisms. J Agric Food Chem 52, 3661–3665.

8. Klatsky AL, Armstrong MA & Friedman GD (1993) Coffee, tea,
and mortality. Ann Epidemiol 3, 375–381.

9. Hertog MG, Sweetnam PM, Fehily AM, et al. (1997) Anti-
oxidant flavonols and ischemic heart disease in a Welsh
population of men: the Caerphilly Study. Am J Clin Nutr 65,
1489–1494.

10. Nakachi K, Matsuyama S, Miyake S, et al. (2000) Preventive
effects of drinking green tea on cancer and cardiovascular
disease: epidemiological evidence for multiple targeting pre-
vention. Biofactors 13, 49–54.

11. Iwai N, Ohshiro H, Kurozawa Y, et al. (2002) Relationship
between coffee and green tea consumption and all-cause
mortality in a cohort of a rural Japanese population. J Epidemiol
12, 191–198.

12. Mukamal KJ, Maclure M, Muller JE, et al. (2002) Tea con-
sumption and mortality after acute myocardial infarction.
Circulation 105, 2476–2481.

13. Khan MM, Goto R, Kobayashi K, et al. (2004) Dietary habits
and cancer mortality among middle aged and older Japanese
living in Hokkaido, Japan by cancer site and sex. Asian Pac J
Cancer Prev 5, 58–65.

14. Kuriyama S, Shimazu T, Ohmori K, et al. (2006) Green tea
consumption and mortality due to cardiovascular disease,
cancer, and all causes in Japan: the Ohsaki study. J Am Med
Assoc 296, 1255–1265.

15. Bidel S, Hu G, Qiao Q, et al. (2006) Coffee consumption and
risk of total and cardiovascular mortality among patients with
type 2 diabetes. Diabetologia 49, 2618–2626.

16. Andersen LF, Jacobs DR Jr, Carlsen MH, et al. (2006)
Consumption of coffee is associated with reduced risk of death
attributed to inflammatory and cardiovascular diseases in the
Iowa Women’s Health Study. Am J Clin Nutr 83, 1039–1046.

17. Paganini-Hill A, Kawas CH & Corrada MM (2007)
Non-alcoholic beverage and caffeine consumption and mor-
tality: the Leisure World Cohort Study. Prev Med 44, 305–310.

18. Suzuki E, Yorifuji T, Takao S, et al. (2009) Green tea
consumption and mortality among Japanese elderly people:
the prospective Shizuoka elderly cohort. Ann Epidemiol
19, 732–739.

19. Zhang WL, Lopez-Garcia E, Li TY, et al. (2009) Coffee con-
sumption and risk of cardiovascular events and all-cause
mortality among women with type 2 diabetes. Diabetologia
52, 810–817.

20. de Koning Gans JM, Uiterwaal CS, van der Schouw YT, et al.
(2010) Tea and coffee consumption and cardiovascular
morbidity and mortality. Arterioscler Thromb Vasc Biol 30,
1665–1671.

21. Mineharu Y, Koizumi A, Wada Y, et al. (2011) Coffee, green
tea, black tea and oolong tea consumption and risk of
mortality from cardiovascular disease in Japanese men
and women. J Epidemiol Community Health 65, 230–240.

22. Harris HR, Bergkvist L & Wolk A (2012) Coffee and black tea
consumption and breast cancer mortality in a cohort of
Swedish women. Br J Cancer 107, 874–878.

23. Gardener H, Rundek T, Wright CB, et al. (2013) Coffee and tea
consumption are inversely associated with mortality in a
multiethnic urban population. J Nutr 143, 1299–1308.

24. Odegaard AO, Koh WP, Yuan JM, et al. (2015)
Beverage habits and mortality in Chinese adults. J Nutr 145,
595–604.

25. Saito E, Inoue M, Sawada N, et al. (2015) Association of green
tea consumption with mortality due to all causes and major
causes of death in a Japanese population: the Japan Public
Health Center-based Prospective Study (JPHC Study). Ann
Epidemiol 25, 512–518.

26. Stroup DF, Berlin JA, Morton SC, et al. (2000) Meta-analysis of
observational studies in epidemiology: a proposal for report-
ing. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) Group. J Am Med Assoc 283, 2008–2012.

27. Wells GA, Wells B, O’Connell D, et al. (2011) Newcastle-
Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in meta-analyses. http://www.ohri.ca/
programs/clinical_epidemiology/oxford.htm (accessed
September 2014).

28. Greenland S & Longnecker MP (1992) Methods for trend
estimation from summarized dose-response data, with appli-
cation to meta-analysis. Am J Epidemiol 135, 1301–1309.

29. Orsini N, Bellocco R & Greenland S (2006) Generalized least
squares for trend estimation of summarized dose-
response data. Stata J 6, 40–57.

30. Mukhtar H & Ahmad N (2000) Tea polyphenols: prevention of
cancer and optimizing health. Am J Clin Nutr 71, 1698S–1702S.

31. Harrell FE (2001) Regression Modeling Strategies: With
Applications to Linear Models, Logistic Regression, and
Survival Analysis. New York, NY: Springer.

32. Orsini N, Li R, Wolk A, et al. (2012) Meta-analysis for linear
and nonlinear dose–response relations: examples, an
evaluation of approximations, and software. Am J Epidemiol
175, 66–73.

33. Jackson D, White IR & Thompson SG (2010) Extending
DerSimonian and Laird’s methodology to perform multivariate
random effects meta-analyses. Stat Med 29, 1282–1297.

34. Graham HN (1992) Green tea composition, consumption, and
polyphenol chemistry. Prev Med 21, 334–350.

35. Halder B, Pramanick S, Mukhopadhyay S, et al. (2006)
Anticlastogenic effects of black tea polyphenols theaflavins
and thearubigins in human lymphocytes in vitro. Toxicol In
Vitro 20, 608–613.

682 J. Tang et al.

https://doi.org/10.1017/S0007114515002329  Published online by Cam
bridge U

niversity Press

http://dx.doi.org/10.1017/S0007114515002329
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.1017/S0007114515002329


36. Anderson RF, Fisher LJ, Hara Y, et al. (2001) Green tea cate-
chins partially protect DNA from (-)OH radical-induced strand
breaks and base damage through fast chemical repair of DNA
radicals. Carcinogenesis 22, 1189–1193.

37. Lu G, Liao J, Yang G, et al. (2006) Inhibition of adenoma
progression to adenocarcinoma in a 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone-induced lung tumorigenesis model in
A/J mice by tea polyphenols and caffeine. Cancer Res 66,
11494–11501.

38. Srivastava S, Singh M, Roy P, et al. (2009) Inhibitory effect of
tea polyphenols on hepatic preneoplastic foci in Wistar rats.
Invest New Drugs 27, 526–533.

39. Yang GY, Liu Z, Seril DN, et al. (1997) Black tea constituents,
theaflavins, inhibit 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK)-induced lung tumorigenesis in A/J mice.
Carcinogenesis 18, 2361–2365.

40. Roy P, Nigam N, Singh M, et al. (2010) Tea polyphenols
inhibit cyclooxygenase-2 expression and block activation of
nuclear factor-kappa B and Akt in diethylnitrosoamine
induced lung tumors in Swiss mice. Invest New Drugs 28,
466–471.

41. Patel R & Maru G (2008) Polymeric black tea polyphenols
induce phase II enzymes via Nrf2 in mouse liver and lungs.
Free Radic Biol Med 44, 1897–1911.

42. Kinjo Y, Cui Y, Akiba S, et al. (1998) Mortality risks of oeso-
phageal cancer associated with hot tea, alcohol, tobacco and
diet in Japan. J Epidemiol 8, 235–243.

43. Mao XQ, Jia XF, Zhou G, et al. (2011) Green tea drinking
habits and gastric cancer in southwest China. Asian Pac J
Cancer Prev 12, 2179–2182.

44. Tang L, Xu F, Zhang T, et al. (2013) High temperature of food
and beverage intake increases the risk of oesophageal cancer
in Xinjiang, China. Asian Pac J Cancer Prev 14, 5085–5088.

45. Yuwei Z (2013) Epidemiology of esophageal cancer. World J
Gastroenterol 19, 5598–5606.

46. Tardy F, Benghuzzi H & Tucci M (2011) The effects of thy-
moquinone and green tea extract on wi-38 fibroblasts
exposed to low-density lipoprotein-biomed 2011. Biomed Sci
Instrum 47, 246–251.

47. Pękal A, Dróżdż P, Biesaga M, et al. (2011) Evaluation of the
antioxidant properties of fruit and flavoured black teas. Eur J
Nutr 50, 681–688.

48. Nakamura K, Nagata C, Wada K, et al. (2011) Cigarette
smoking and other lifestyle factors in relation to the risk of
pancreatic cancer death: a prospective cohort study in Japan.
Jpn J Clin Oncol 41, 225–231.

49. Cheng TO (2007) Why is green tea more cardioprotective in
women than in men? Int J Cardiol 122, 244.

Tea consumption and mortality 683

https://doi.org/10.1017/S0007114515002329  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114515002329

	Tea consumption and mortality of all cancers, CVD and all causes: a meta-analysis of eighteen prospective cohort studies
	Methods
	Selection of studies
	Data extraction
	Statistical analysis

	Results
	Literature search and study characteristics
	Tea consumption and all cancer mortality

	Fig. 1.Flow diagram for the selection of studies in the meta-analysis
	Tea consumption and CVD mortality
	Tea consumption and all-cause mortality

	Fig. 2.Relative risk (RR) of all cancer mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was used to obtain the overall RR. The grey square stands for study-specific RR with the squa
	Non-linear associations
	Assessment of publication bias
	Sub-group analysis

	Fig. 3.Relative risk (RR) of CVD mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was used to obtain the overall RR. The grey square stands for study-specific RR with the square size
	Discussion
	Tea consumption and all cancer mortality

	Fig. 4.Relative risk (RR) of all-cause mortality for highest v. lowest category of (a) green tea consumption and (b) black tea consumption. Random-effects model was used to obtain the overall relative risk. The grey square stands for study-specific relati
	Tea consumption and CVD mortality

	Fig. 5.Dose&#x2013;response analysis for non-linear associations between tea consumption and all-cause mortality: (a) green tea consumption; (b) black tea consumption
	Table 1Sub-group analyses of green tea and black tea consumption with mortality of all cancers, CVD and all causes (highest v.
	Tea consumption and all-cause mortality
	Strengths and limitations
	Conclusions

	Acknowledgements
	ACKNOWLEDGEMENTS
	References
	References


