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Abstract Studies that investigated the association
between tea consumption and the risk of major cardiovascular events have reported inconsistent results. We
conducted a meta-analysis of prospective observational
studies in order to summarize the evidence regarding the
association between tea consumption and major cardiovascular outcomes or total mortality. In July 2014, we
performed electronic searches in PubMed, EmBase, and
the Cochrane Library, followed by manual searches of
reference lists from the resulting articles to identify other
relevant studies. Prospective observational studies that
reported effect estimates, with 95 % confidence intervals
(CIs), for coronary heart disease (CHD), stroke, cardiac
death, stroke death, or total mortality for more than two
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dosages of tea consumption were included. A randomeffects meta-analysis was performed to determine the risk
of major cardiovascular outcomes associated with an
increase in tea consumption by 3 cups per day. Of the 736
citations identified from database searches, we included 22
prospective studies from 24 articles reporting data on
856,206 individuals, and including 8,459 cases of CHD,
10,572 of stroke, 5,798 cardiac deaths, 2,350 stroke deaths,
and 13,722 total deaths. Overall, an increase in tea consumption by 3 cups per day was associated with a reduced
risk of CHD (relative risk [RR], 0.73; 95 % CI: 0.53–0.99;
P = 0.045), cardiac death (RR, 0.74; 95 % CI: 0.63–0.86;
P \ 0.001), stroke (RR, 0.82; 95 % CI: 0.73–0.92;
P = 0.001), total mortality (RR, 0.76; 95 % CI: 0.63–0.91;
P = 0.003), cerebral infarction (RR, 0.84; 95 % CI:
0.72–0.98; P = 0.023), and intracerebral hemorrhage (RR,
0.79; 95 % CI: 0.72–0.87; P \ 0.001), but had little or no
effect on stroke mortality (RR, 0.93; 95 % CI: 0.83–1.05;
P = 0.260). The findings from this meta-analysis indicate
that increased tea consumption is associated with a reduced
risk of CHD, cardiac death, stroke, cerebral infarction, and
intracerebral hemorrhage, as well as total mortality.
Keywords Tea  Cardiovascular disease  Total
mortality  Dose–response  Meta-analysis

Introduction
Tea, particularly black tea and green tea, is a commonly
consumed beverage in many populations and has been
reported to contribute both favourably and adversely to
major cardiovascular outcomes [1, 2]. Black tea is the main
tea beverage in the United States, Europe, and Western Asia,
whereas green tea is more popular in China, Japan, and Korea
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[3]. The role of tea in cardiovascular disease prevention is
supported by various studies [4, 5]. A large number of cohort
studies have shown that increased tea consumption is associated with a decreased risk of major cardiovascular outcomes [6–10]. However, another study suggest that
consumption of black tea may increase the risk of cardiac
death and total mortality [11]. Because of the widespread
consumption of tea, even small effects could have a large
impact on public health. However, data regarding the subsequent effects of tea consumption on major cardiovascular
outcomes are limited and inconclusive.
The relation between tea consumption and a decreased
risk of stroke was first revealed by Sato [12]. Moreover,
later, in the Zutphen Study [13, 14], the risk of cardiac
death and stroke was found to be lower in subjects who
reported regular tea consumption. The reason for these
findings could be that tea contains polyphenols, such as
catechins and flavonols, that act as powerful antioxidants.
Previous meta-analyses [15] have assessed whether tea
consumption is associated with the risk of stroke, and
suggested that daily consumption of either green or black
tea equalling 3 cups per day could prevent the onset of
ischemic stroke. Controversially, the results of Peters’
meta-analysis [16] indicated that the risk of coronary heart
disease (CHD) in the United Kingdom and of stroke in
Australia increased with tea consumption, whereas the risk
decreased in other regions, particularly in continental
Europe. Additional unanswered questions remain, including whether these associations are applicable to cardiac
death or total mortality, and whether associations differ
according to sex, ethnicity, and the type of tea. Traditional
meta-analyses mainly focused on the relationship between
high versus low tea consumption and the risk of vascular
outcomes; the range of tea consumption and the cut-off
values for the categories differed between studies.
In the present study, we conducted a systematic review
and meta-analysis of prospective observational studies to
determine the association between tea consumption and
cardiovascular morbidity and mortality across sexes, ethnic populations, and types of tea. Furthermore, we performed a dose–response meta-analysis to quantitatively
elucidate the optimal tea consumption for the general
population.

We systematically searched the PubMed, Embase, and
Cochrane Library electronic databases (from database
inception to July 2014) for studies in humans, with no
language restrictions. We only included prospective
observational studies, in order to avoid the potential flaws of
recall bias and exposure misclassification in retrospective
studies. Any prospective observational study that examined
the relationship between tea consumption and major cardiovascular outcomes (CHD, cardiac death, stroke, stroke
mortality, cerebral infarction, intracerebral hemorrhage,
subarachnoid hemorrhage, and total mortality) was eligible
for inclusion in our study, and no restrictions were placed on
publication status (published, or in press). Our core search
included the following terms: ‘‘tea’’ AND (‘‘cardiovascular
disease’’ OR ‘‘coronary disease’’ OR ‘‘coronary thrombosis’’ OR ‘‘ischemic heart disease’’ OR ‘‘myocardial infarction’’ OR ‘‘stroke’’ OR ‘‘coronary stenosis’’ OR ‘‘coronary
restenosis’’ OR ‘‘cardiac death’’) AND (‘‘cohort’’ OR
‘‘cohort studies’’ OR ‘‘nest case control’’ OR ‘‘nest case–
control studies’’). If a site-specific dataset had been published more than once, we used the most recent publication.
We reviewed the reference lists of the identified reports,
reviews, meta-analyses, and other relevant publications to
find additional pertinent studies. In addition, we contacted
authors to obtain any unpublished supplementary data. The
medical subject heading, methods, population, study
design, exposure, and outcome variables of these articles
were used to identify relevant studies.
A study was eligible for inclusion if the following criteria were met: (1) the study had a prospective observational design (prospective cohort or nested prospective
case–control study); (2) the study investigated the association between tea consumption and the risk of major cardiovascular outcomes; and (3) the authors reported effect
estimates (risk ratio [RR], hazard ratio [HR], or odds ratio
[OR]) and 95 % confidence intervals (CIs) for comparisons
between high and low tea consumption (with more than 2
dosages). We excluded all case–control studies, because
various confounding factors could bias the results.
The literature search was undertaken independently by
two authors (CZ and XW) using a standardized approach.
Any inconsistencies were resolved by discussion with the
primary author (YHZ) and a consensus was reached. We
excluded studies that were not published as full reports,
which included conference abstracts and letters to editors.

Methods

Data collection and quality assessment

Data sources, search strategy, and selection criteria

The following data elements were collected: first author or
study group name, publication year, country, study design,
assessment of tea consumption, sample size, number of
incident outcomes, age at baseline, number of men and
women, follow-up duration, effect estimate, comparison

This review was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement, 2009 (Checklist S1) [17].
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categories, and covariates in the fully adjusted model. We
also extracted data on the numbers of cases per person or per
person-year, the effect of the different exposure categories,
and 95 % CIs. For studies that reported several multivariable
adjusted RRs, we selected the effect estimate that was
adjusted for the greatest number of potential confounders.
The Newcastle-Ottawa Scale (NOS) was used to evaluate methodological quality [18, 19]. The NOS is a comprehensive tool that has been partially validated for
evaluating the quality of observational studies in metaanalyses. The NOS [18] is based on the following three
subscales: selection (4 items), comparability (1 item), and
outcome (3 items). A ‘‘star system’’ (range 0–9) has been
developed for assessment (Table S1). Data extraction and
quality assessment were performed independently by two
authors (CZ and XW). Information was examined and
verified independently by an additional author (YHZ).
Statistical analysis
We examined the relationship between tea consumption and
the risk of major cardiovascular outcomes on the basis of the
effect estimate (RR or HR) and its 95 % CI published in each
study. We first used the random-effects model to calculate
summary RRs and 95 % CIs for high tea consumption
compared to low tea consumption [20, 21]. The cut-off
values for high and low intake were in compliance with the
categories reported in the original studies. We then transformed category-specific risk estimates into estimates of the
RR associated with every increase in tea consumption by 3
cups per day, using the generalized least-squares method for
trend estimation [22, 23]. These estimates were calculated
assuming the presence of a linear relationship between the
natural logarithm of the RR and increasing tea consumption
[22]. We converted all measures into cups per day, defining
one cup as 125 mL of tea consumption. The value assigned
to each tea consumption category was the mid-point for
closed categories, and the median for open categories
(assuming a normal distribution for tea consumption). We
combined the RRs for each 3 cup-per day increase in tea
consumption using random-effect meta-analysis [21].
Finally, we conducted a restricted cubic spline model based
on the correlated natural log of RRs or HRs across the tea
consumption categories to estimate a potential curvilinear
association between tea consumption and major cardiovascular outcomes [22, 23]. To derive the dose–response curve,
we modelled tea consumption using restricted cubic splines
with three knots at fixed percentiles of 10, 50, and 90 % of the
distribution. This method requires the effect measure with its
variance estimate for at least three known categories of
exposure [22].
We assessed heterogeneity between studies using the I2
statistic as a measure of the proportion of total variation in

estimates that was attributable to heterogeneity, where I2
values of 25, 50, and 75 % correspond to the cut-off points
for low, moderate, and high degrees of heterogeneity,
respectively [24–26]. Subsequently, subgroup analyses
were conducted for major cardiovascular outcomes,
according to sex, ethnic background, and type of tea.
Additional potential residual confounding factors, such as
assessment of exposure, effect estimate, follow-up duration, study quality (NOS score [18] ), and adjustment of
covariates (including body mass index [BMI], daily energy
intake, and blood pressure) were also conducted. We also
performed a sensitivity analysis by removing each individual study from the meta-analysis [27]. Several methods
were used to check for potential publication bias. Funnel
plots for major cardiovascular outcomes were visually
inspected. The Egger [28] and Begg [29] tests were also
used to statistically assess publication bias. All reported
P values were 2-sided, and P \ 0.05 were considered
statistically significant for all included studies. Statistical
analyses were performed using STATA software (version
12.0; Stata Corporation, College Station, TX, USA).

Results
Of the 736 citations identified from database searches, 22
datasets from 24 articles [1, 6–14, 30–43] met the inclusion
criteria. The study selection process is shown in Fig. 1. A
manual search of the reference lists of these studies did not
yield any new eligible studies. Among the included studies,
Potential articles from PubMed,
EmBase and the Cochrane (n=736)

Abstracts and title excluded during first
screening (n=664)

Articles reviewed in details (n=72)

Articles excluded (n=48)
Affiliate study (n=23)
No desirable outcomes (n=18)
Used less than 3 tea categories (n=7)

22 datasets in 24 articles
included in meta-analysis

Fig. 1 Flow diagram of the literature search and studies selection
process
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nine were from Europe [6, 9–11, 13, 31, 32, 36, 43], seven
were from the US [8, 34, 38–42], and six were from Asia [7,
12, 30, 33, 35, 37]. Table S2 summarizes the characteristics
of the included studies. The analysis included 8,459 incident
cases of CHD, 10,572 of stroke, 5,798 cardiac deaths, 2,350
stroke deaths, 13,722 total deaths, 5,861 cases of cerebral
infarction, 818 of intracerebral hemorrhage, 344 of subarachnoid hemorrhage, and more than 856,206 individuals.
The follow-up times varied from 3.8 years to 24.0 years in
each individual study. The outcomes were CHD in seven
studies [6, 9, 10, 30, 38, 40, 41], cardiac death in 12 studies
[6–11, 14, 32, 33, 37, 42, 43], stroke in eight studies [6, 12,
13, 30, 31, 34, 35, 38], stroke mortality in five studies [6, 32,
33, 37, 43], total mortality in seven studies [6, 7, 10, 11, 37,
39, 43], cerebral infarction in four studies [30, 31, 35, 36],
intracerebral hemorrhage in four studies [30, 31, 35, 36], and
subarachnoid hemorrhage in two studies [31, 36]. Study
quality was assessed using NOS [18], as shown in Appendix
1-Table S1.
Figures S1–S8 show the results of meta-analyses of RRs
according to high versus low tea consumption. The summary RR showed that high tea consumption was associated
with a reduced risk of CHD (RR, 0.53; 95 % CI: 0.28–0.98;
P = 0.043), cardiac death (RR, 0.58; 95 % CI: 0.43–0.78;
P \ 0.001), stroke (RR, 0.67; 95 % CI: 0.53–0.85;
P = 0.001), total mortality (RR, 0.59; 95 % CI: 0.40–0.87;
P = 0.007), and cerebral infarction (RR, 0.78; 95 % CI:
0.67–0.92; P = 0.002), but not with any reduction in stroke
mortality, intracerebral hemorrhage, or subarachnoid
hemorrhage. Between-study heterogeneity was high for
CHD, cardiac death, stroke, total mortality, cerebral
infarction, and intracerebral hemorrhage, and moderate for
stroke mortality and subarachnoid hemorrhage. Sensitivity
analyses indicated that exclusion of any individual study
did not change the results (data not shown).
All included studies were eligible for the dose–response
meta-analysis. The results showed that a increment in tea
consumption by 3 cups per day was associated with a
reduced risk of CHD (RR, 0.73; 95 % CI: 0.53–0.99;
P = 0.045; Fig. 2a), cardiac death (RR, 0.74; 95 % CI:
0.63–0.86; P \ 0.001; Fig. 2b), stroke (RR, 0.82; 95 % CI:
0.73–0.92; P = 0.001; Fig. 3a), total mortality (RR, 0.76;
95 % CI: 0.63–0.91; P = 0.003; Fig. 3c), cerebral infarction (RR, 0.84; 95 % CI: 0.72–0.98; P = 0.023; Fig. 4a),
and intracerebral hemorrhage (RR, 0.79; 95 % CI:
0.72–0.87; P \ 0.001; Fig. 4b). However, increased tea
consumption was not associated with stroke mortality (RR,
0.93; 95 % CI: 0.83–1.05; P = 0.260; Fig. 3b) or the risk of
subarachnoid hemorrhage (RR, 0.91; 95 % CI: 0.41–2.03;
P = 0.818; Fig. 4c). Heterogeneity between studies was
high for CHD, cardiac death, stroke, total mortality, cerebral
infarction, and subarachnoid hemorrhage, and moderate or
low for stroke mortality and intracerebral hemorrhage.
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Figure 5 shows that tea consumption of 1–3 and 1–5
cups per day seems to be associated with a reduced risk of
cardiac death and in total mortality, respectively (P values
of nonlinearity for these analyses were both 0.0008).
However, we found no evidence of nonlinear relationships
between tea consumption and the risk of CHD and stroke,
or stroke mortality (Figures S9–S11). Because only a few
studies were included in the meta-analysis, we have not
presented the nonlinear trend for cerebral infarction,
intracerebral hemorrhage, and subarachnoid hemorrhage.
In the subgroup analysis, we stratified studies into
groups to examine the sources of study heterogeneity. The
results of the subgroup analysis of RRs for an increase in
tea consumption by 3 cups per day for CHD, cardiac death,
stroke, stroke mortality, and total mortality are listed in
Tables 1 and S3. We found that an increment in tea consumption by 3 cups per day was associated with a reduced
risk of CHD if the participants were European or consumption of black tea. Similarly, we found that a 3 cups per
day increase in the consumption of tea was associated with
a reduced risk of cardiac death if the participants were
women, Asian, European, or consumption of green tea; an
increase of 3 cups of tea per day was associated with a
reduced risk of stroke if the participants were men, Asian,
or consumption of green tea; an increment in tea consumption by 3 cups per day was associated with a reduced
risk of total mortality if the participants were women,
Asian, or consumption of green tea. Furthermore, subgroup
analyses of RRs for high versus low tea consumption for
CHD, cardiac death, stroke, stroke mortality, and total
mortality were also performed, and the results are listed in
Table S4. The results were generally consistent with a
stratified analysis for an increase in tea consumption by 3
cups per day.
A review of funnel plots could not rule out the potential
for publication bias regarding major cardiovascular outcomes (Figures S12–S18). The Egger [28] and Begg [29]
test results showed no evidence of publication bias for
CHD, stroke, stroke mortality, total mortality, cerebral
infarction, or intracerebral hemorrhage. However, we noted
evidence of publication bias for cardiac death (P value for
Egger: 0.033; P value for Begg: 0.019). The conclusions
were not changed after adjustment for publication bias by
the trim and fill method [44].

Discussion
Our large standardized meta-analysis shows that increased
tea consumption is associated with a reduction in total
mortality, and in the risk of CHD, cardiac death, stroke,
cerebral infarction, and intracerebral hemorrhage, but has

Tea consumption and the incidence of CVD
Fig. 2 Dose–response metaanalysis for per 3 cups per
increment in tea consumption
for CHD and cardiac death

A CHD

RR
(95% CI)

Study
JPHC Study Group

1.02 ( 0.92, 1.13)

EPIC−NL Cohort Group

0.89 ( 0.81, 0.98)

The CAHS Study Group

0.95 ( 0.86, 1.04)

The Rotterdam Study Group

0.65 ( 0.44, 0.98)

The Scottish Heart Health Study (men)

0.35 ( 0.31, 0.40)

The Scottish Heart Health Study (women)

0.35 ( 0.29, 0.43)

The HPFS Study Group

1.12 ( 0.94, 1.33)

The WHS Group

0.98 ( 0.77, 1.24)

Overall

0.73 ( 0.53, 0.99); P=0.045
2
(I =97.6%; P<0.001)
.3

.5

1
RR

2

B Cardiac death

RR
(95% CI)

Study

0.80 ( 0.60, 1.07)
0.77 ( 0.65, 0.92)
1.10 ( 0.88, 1.37)
1.11 ( 0.97, 1.27)
0.82 ( 0.70, 0.95)
0.67 ( 0.56, 0.80)
0.60 ( 0.49, 0.74)
0.95 ( 0.82, 1.10)
0.80 ( 0.68, 0.94)
0.54 ( 0.34, 0.84)
0.41 ( 0.17, 0.98)
0.32 ( 0.26, 0.40)
0.36 ( 0.24, 0.53)
0.56 ( 0.36, 0.86)
0.97 ( 0.87, 1.08)
0.83 ( 0.69, 1.01)
1.22 ( 1.02, 1.46)
0.74 ( 0.63, 0.86); P<0.001
2
(I =90.6%; P<0.001)

EPIC−NL Cohort Group
The NLCS Study Group (men)
The NLCS Study Group (women)
JACC study Group (men)
JACC study Group (women)
The Shizuoka Elderly Cohort Study (men)
The Shizuoka Elderly Cohort Study (women)
The Ohsaki Study (men)
The Ohsaki Study (women)
The Onset Study
The Rotterdam Study Group
The Scottish Heart Health Study (men)
The Scottish Heart Health Study (women)
The Zutphen Study
Iowa Women Study Group
Bidel
The Caerphilly Study Group
Overall

.3

no significant effect on stroke mortality or the risk of
subarachnoid hemorrhage. Our findings extend the results
of previous reviews [15], showing associations between
increased tea consumption and the risk for CHD and cardiac death, as well as total mortality, and provide evidence
that associations might differ within different sex, country,
and tea-type subgroups for these three outcomes. For other
outcomes, the magnitudes of associations between
increased tea consumption and the risk of major cardiovascular outcomes were similar across sexes, populations
of different ethnic backgrounds, and the types of tea.
Meta-analyses of observational studies are prone to biases
and confounding factors that are inherent in the original
studies. We restricted our analysis to prospective studies
(cohort studies or nested case–control studies) and excluded
traditional case–control studies, which are prone to recall

.5

1
RR

2

and interviewer bias [45]. Furthermore, we assessed the
methodological quality of the included studies, using the
NOS system [18], and also evaluated the effect of tea consumption on major cardiovascular outcomes in specific
populations in subgroup analyses. Our study showed that
different subpopulations and consumption of different types
of tea might be a source of significant heterogeneity in the
association with the risk of some major cardiovascular outcomes. This is a possible reason for our findings being
inconsistent with earlier reports [15] that increased tea consumption has no significant effect on the risk of intracerebral
hemorrhage. Furthermore, the effect of ethnicity is underestimated, because mixed tea consumption (green and black
tea) was more popular in western countries [3].
Increased tea consumption might play an important role in
cardiovascular morbidity and mortality. The specificity of
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Fig. 3 Dose–response metaanalysis for per 3 cups per
increment in tea consumption
for stroke, stroke mortality and
total mortality

A Stroke

RR
(95% CI)

Study
JPHC Study Group

0.88 ( 0.83, 0.92)

The SMC and the Cohort of Swedish Men

0.96 ( 0.87, 1.07)

EPIC−NL Cohort Group

1.04 ( 0.91, 1.20)

The NHS Study Group

0.87 ( 0.71, 1.05)

The Tokamachi¨CNakasato Cohort Study Group (men)

0.51 ( 0.36, 0.72)

The Tokamachi¨CNakasato Cohort Study Group (women)

0.81 ( 0.55, 1.21)

The CAHS Study Group

0.94 ( 0.78, 1.13)

The Zutphen Study

0.56 ( 0.36, 0.87)

Sato

0.48 ( 0.35, 0.67)
0.82 ( 0.73, 0.92); P=0.001
2
(I =77.6%; P<0.001)

Overall

.3

.5

1

2

RR

B Stroke mortality

RR
(95% CI)

Study
EPIC−NL Cohort Group

0.91 ( 0.63, 1.31)

The NLCS Study Group (men)

0.96 ( 0.75, 1.23)

The NLCS Study Group (women)

1.01 ( 0.76, 1.35)

JACC study Group (men)

1.12 ( 0.90, 1.39)

JACC study Group (women)

0.82 ( 0.65, 1.04)

The Ohsaki Study

0.80 ( 0.71, 0.91)

Bidel

1.15 ( 0.80, 1.66)
0.93 ( 0.83, 1.05); P=0.260
(I2=43.2%; P=0.103)

Overall

.3

.5

1

2

RR

C Total mortality
RR
(95% CI)

Study
EPIC−NL Cohort Group

1.03 ( 0.94, 1.12)

The Shizuoka Elderly Cohort Study (men)

0.84 ( 0.77, 0.92)

The Shizuoka Elderly Cohort Study (women)

0.68 ( 0.60, 0.78)

The Ohsaki Study (men)

0.95 ( 0.90, 1.00)

The Ohsaki Study (women)

0.87 ( 0.81, 0.93)

The Scottish Heart Health Study (men)

0.36 ( 0.31, 0.40)

The Scottish Heart Health Study (women)

0.36 ( 0.29, 0.44)

Klatsky

0.92 ( 0.84, 1.01)

Bidel

0.84 ( 0.72, 0.98)

The Caerphilly Study Group

1.22 ( 1.09, 1.35)

Overall

0.76 ( 0.63, 0.91); P=0.003
2
(I =97.3%; P<0.001)
.3

.5

1

2

RR

these associations argues against confounding and bias, and
for a possible causal link between increased tea consumption
and a reduction in the risk of major cardiovascular outcomes.
Some important confounding factors might not have been
quantified, or quantified with sufficient precision, in these
studies. In our current study, BMI seemed to be a major
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confounder in the association of increased tea consumption
with the risk of CHD or cardiac death, and total mortality;
daily energy intake seemed to be a confounding factor in the
association between tea consumption and cardiac death,
stroke and total mortality; and blood pressure was a potential
confounding factor in the association of increased tea

Tea consumption and the incidence of CVD
Fig. 4 Dose–response metaanalysis for per 3 cups per
increment in tea consumption
for stroke subtypes

A Cerebral infarction

RR

Study

(95% CI)

JPHC Study Group

0.90 ( 0.84, 0.97)

The SMC and the Cohort of Swedish Men

1.00 ( 0.89, 1.13)

The Tokamachi¨CNakasato Cohort Study Group

0.58 ( 0.41, 0.82)

The ATBC Cancer Prevention Study Group

0.75 ( 0.64, 0.88)

Overall

0.84 ( 0.72, 0.98); P=0.023
(I2=78.7%; P=0.003)
.3

.5

1

2

RR

B Intracerebral hemorrhage

RR

Study

(95% CI)

JPHC Study Group

0.79 ( 0.71, 0.87)

The SMC and the Cohort of Swedish Men

0.73 ( 0.49, 1.10)

The Tokamachi¨CNakasato Cohort Study Group

0.66 ( 0.42, 1.06)

The ATBC Cancer Prevention Study Group

1.05 ( 0.70, 1.58)

Overall

0.79 ( 0.72, 0.87); P<0.001
(I2=0.0%; P=0.458)
.3

.5

1

2

RR

C Subarachnoid hemorrhage

RR

Study

(95% CI)

The SMC and the Cohort of Swedish Men

1.36 ( 0.74, 2.49)

The ATBC Cancer Prevention Study Group

0.60 ( 0.32, 1.16)

0.91 ( 0.41, 2.03); P=0.818
2
(I =69.6%; P=0.070)

Overall

.3

.5

1

2

RR

consumption with stroke and total mortality. However, we
could not determine the effect of these potential confounding
factor on the risk of major cardiovascular outcomes, since
too few studies were stratified by these factors.
In this meta-analysis, benefits were mainly detected in
reducing the incidence of CHD, cardiac death, stroke, total
mortality, cerebral infarction, and intracerebral hemorrhage. The possible reason for this could be that: (1) The
polyphenolic flavonoids in tea have antioxidative properties that prevent the oxidation of low-density lipoproteins

in vitro or vivo [46, 47]. Moreover, increased tea consumption also contributes high concentrations of autoantibodies against oxidized low-density lipoproteins in
patients with atherosclerosis [48, 49]. (2) Although we
found no significant associations between increased tea
consumption and stroke mortality or subarachnoid hemorrhage, these conclusions may be unreliable because smaller
numbers of trials were included in these subsets. (3) Our
inclusion criteria restricted our meta-analysis to prospective observational studies and provide the evidence that
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A cardiac death

Relative Risk

OR=1
Spline Model

Pnon-linearity = 0.0008

8.00

4.00

2.00
1.50
1.00
0.80
0.60
0

1

2

3

4

5

6

7

8

9

10

tea consumption (cups/day)

B total mortality
6.00

OR=1

Relative Risk

Pnon-linearity = 0.0008

Spline Model

4.00

2.00
1.40
1.20
1.00
0.80
0.60
0.40

0

1

2

3

4

5

6

7

8

9

10

tea consumption (cups/day)

Fig. 5 Dose–response analysis for curvilinear association between
tea consumption and relative risks of cardiac death or total mortality

increased tea consumption was associated with a lower risk
of CHD, cardiac death, stroke, total mortality, cerebral
infarction, and intracerebral hemorrhage; and (4) Subgroup
group analyses indicated that the benefit of tea drinking
was mainly the prevention of major cardiovascular outcomes in multi-subpopulations. The possible reasons for
this could be that drinking both types of tea have been
shown to reduce blood pressure, which is the primary
strategy to limit risk of cardiovascular disease in humans.
From a review of a previous meta-analysis [15], it is
notable that the evidence for the protective effect of tea
consumption comes from a combination of retrospective
case–control studies and cohort studies. In traditional case–
control studies, because information that reflects past
exposure is collected after cardiovascular morbidity and
mortality are known, recall bias is inevitable and cannot be
ignored [45]. Furthermore, the cut-off values for tea consumption categories differed between studies. Given the
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above limitations, one cannot conclude convincingly from
those data that high tea consumption has a protective effect
against major cardiovascular outcomes. In contrast with
that review, we have reported our results stratified
according to sex, ethnic background, and type of tea, and
we considered several additional potential confounding
factors. Moreover, our combined risk estimates using a
random effect model were generally more conservative
than the estimates from the previous review and provided
relatively stronger evidence for the association of increased
tea consumption with a reduction in the risk of major
cardiovascular outcomes.
Compared with previous meta-analyses, ours has some
obvious strengths. First, only prospective observational
studies were included, which would eliminate selection and
recall bias. Second, the large sample size allowed us to
quantitatively assess the association of tea consumption
with the risk of major cardiovascular outcomes, and thus
our findings are potentially more robust than are those of
any individual study. Third, the dose–response analysis
included a wide range in the quantity of tea consumption,
which allowed for accurate assessment of the dose relationship between tea consumption and the risk of major
cardiovascular outcomes.
Our study had some limitations. First, data on stroke
subtypes were available from only a few studies, which
restricted the precise assessment of the dose–response
relationship between tea consumption and these three
types of stroke in some specific subsets of individuals.
Second, the methods of assessing tea consumption differed across included studies, which could have biased the
association between tea consumption and the risk of
major cardiovascular outcomes. Third, the tea consumption level is generally assessed as the number of cups of
tea consumed per day or per week, but cup size may vary
considerably between different studies. We therefore
converted all measures into cups per day and defined
125 mL of tea consumption as one cup to avoid potential
confounding bias from cup size. Fourth, it is notable that
consumption of green tea in Asian is more popular than in
Western Countries. However, the factor of ethnicity is not
available in our study, which might play an important role
in the relationship between tea consumption and the risk
of major cardiovascular events. Therefore, we just gave a
relative results for the association between tea consumption and the risk of major cardiovascular events in several
specific subpopulations. Finally, the adjusted models were
different across the included studies, and these factors
might play an important role in the development of major
cardiovascular outcomes that could affect the result of our
pooled analysis.
Despite the limitations, our findings have important
public health implications. The reduction of cardiovascular

Tea consumption and the incidence of CVD
Table 1 Subgroup analysis of risk ratios per 3 cups per day increase in tea consumption for CHD, cardiac death, stroke, stroke mortality, and
total mortality incidence according to sex, ethnic backgrounds, and types of tea
Outcomes

Group

CHD

Sex

Number of
studies

RR and 95 % CI

P value

Heterogeneity (%)

P value for
heterogeneity

Men

2

0.63 (0.20–1.95)

0.419

99.1

\0.001

Women
Both

2
4

0.58 (0.21–1.60)
0.93 (0.85–1.02)

0.297
0.148

97.7
57.1

\0.001
0.072

Asia

1

1.02 (0.92–1.13)

0.706

–

–

US

3

1.00 (0.90–1.10)

0.954

24.9

0.264

Europe

4

0.51 (0.29–0.92)

0.026

98.2

\0.001

Green

1

1.02 (0.92–1.13)

0.706

–

–

Black

3

0.90 (0.81–1.00)

0.048

46.1

0.157

Mixed

4

0.60 (0.32–1.14)

0.121

98.1

\0.001

7

0.75 (0.55–1.02)

0.067

95.1

\0.001

Country

Type of tea

Cardiac death

Sex
Men
Women

6

0.76 (0.62–0.94)

0.011

87.7

\0.001

Both

4

0.73 (0.58–0.91)

0.006

40.2

0.171

Asia
US

6
2

0.81 (0.68–0.97)
0.76 (0.43–1.33)

0.022
0.333

86.0
83.6

\0.001
0.014

Europe

9

0.66 (0.48–0.92)

0.013

93.2

\0.001
\0.001

Country

Type of tea

Stroke

Green

6

0.81 (0.68–0.97)

0.022

86.0

Black

3

0.86 (0.54–1.35)

0.508

81.0

0.005

Mixed

8

0.64 (0.47–0.87)

0.004

93.7

\0.001

Sex
Men

2

0.53 (0.40–0.69)

\0.001

0.0

0.744

Women

3

0.70 (0.48–1.03)

0.067

79.2

0.008

Both

4

0.94 (0.87–1.01)

0.111

52.8

0.096

Asia

4

0.66 (0.46–0.93)

0.019

86.3

\0.001

US

2

0.91 (0.79–1.04)

0.151

0.0

0.574

Europe

3

0.92 (0.76–1.11)

0.400

71.3

0.031

Green
Black

4
3

0.66 (0.46–0.93)
0.98 (0.91–1.06)

0.019
0.597

86.3
0.0

\0.001
0.590

Mixed

2

0.73 (0.48–1.11)

0.146

68.8

0.074

Country

Type of tea

Stroke mortality

Sex
Men

2

1.05 (0.89–1.23)

0.579

0.0

0.359

Women

2

0.89 (0.73–1.09)

0.279

17.4

0.271

Both

3

0.89 (0.72–1.10)

0.285

44.8

0.164

Asia

3

0.89 (0.73–1.10)

0.287

72.0

0.028

Europe

4

1.00 (0.86–1.16)

0.952

0.0

0.820

Country

Type of tea
Green

3

0.89 (0.73–1.10)

0.287

72.0

0.028

Black

1

0.91 (0.63–1.31)

0.614

–

–

Mixed

3

1.01 (0.86–1.20)

0.870

0.0

0.724
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Table 1 continued
Outcomes

Group

Total mortality

Sex

Number of
studies

RR and 95 % CI

P value

Heterogeneity (%)

P value for
heterogeneity

Men

4

0.77 (0.52–1.14)

0.190

98.7

\0.001

Women

3

0.60 (0.40–0.92)

0.019

97.0

\0.001

Both

3

0.94 (0.84–1.05)

0.254

67.5

0.046
\0.001

Country
Asia

4

0.84 (0.75–0.94)

0.002

87.5

US

1

0.92 (0.84–1.01)

0.076

–

–

Europe

5

0.67 (0.42–1.10)

0.111

98.7

\0.001

Type of tea
Green

4

0.84 (0.75–0.94)

0.002

87.5

\0.001

Black

2

1.12 (0.95–1.32)

0.188

82.6

0.016

Mixed

4

0.56 (0.33–0.95)

0.033

98.3

\0.001

morbidity and mortality continues to be an important
public health issue for researchers, especially with regard
to the relationship between lifestyle and major cardiovascular outcomes. Systematic reviews and meta-analyses are
the most powerful tools for assessing these kinds of
inconsistent associations. Therefore, our present study
provides evidence that increased tea consumption might
have a protective effect against CHD, cardiac death, stroke,
cerebral infarction, and intracerebral hemorrhage, as well
as reducing total mortality. Furthermore, the results of the
dose–response analyses indicated that tea consumption of
1–3 and 1–5 cups per day seems to be associated with a
reduction in the risk of cardiac death and in total mortality.
These protective effects of increased tea consumption,
stratified by additional potential confounding factors, need
further investigation in additional trials.
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