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ABSTRACT

Objective: Tea has been suggested to decrease blood
glucose levels and protect pancreatic B cells in diabetic
mice. However, human epidemiological studies showed
inconsistent results for the association between tea
consumption and type 2 diabetes mellitus (T2DM) risk.
The aim of this study was to conduct a meta-analysis
to further explore the association between tea
consumption and incidence of T2DM.

Design: Systematic review and meta-analysis.
Methods: We performed a systematic literature search
up to 30 August 2013 in PubMed, EMBASE, Chinese
Wanfang Database and CNKI database. Pooling relative
risks (RRs) were estimated by random-effect models.
Two kinds of subgroup analyses (according to sex and
regions) were performed. Sensitive analyses were
performed according to types of tea.

Results: Overall, no statistically significant relationship
between tea consumption and risk of T2DM was found
based on 12 eligible studies (pooling RR 0.99, 95% CI
0.95 to 1.03). Compared with the lowest/non-tea
group, daily tea consumption (>3 cups/day) was
associated with a lower T2DM risk (RR 0.84, 95% Cl
0.73 to 0.97). Subgroup analyses showed a difference
between men and women. Overall, the RRs (95% Cl)
were 0.92 (0.84 to 1.00) for men, and 1.00 (0.96 to
1.05) for women, respectively. Tea consumption of >3
cups/day was associated with decreased T2DM risk in
women (RR 0.84, 95% Cl 0.71 to 1.00). Overall, the
RRs (95% Cls) were 0.84 (0.71 to 1.00) for Asians,
and 1.00 (0.97 to 1.04) for Americans and Europeans,
respectively. No obvious change was found in
sensitivity analyses.

Conclusions: The results suggest that daily tea
consumption (>3 cups/day) is associated with a lower
T2DM risk. However, further studies are needed to
enrich related evidence, especially with regard to types
of tea or sex.

INTRODUCTION

Tea is the most widely consumed beverage in
the world, next to water." Depending on the
basic manufactured process, tea can be classi-

Strengths and limitations of this study

= This updated meta-analysis shows that daily tea
consumption (>3 cups/day) is associated with a
lower type 2 diabetes mellitus (T2DM) risk.

= The subgroup analysis is the first report to show
the differences between different regions (Asia,
America and Europe). Subgroup analysis also
showed a difference between men and women
with regards to tea consumption and T2DM risk.

= The major limitation of this study is that the
research included in our meta-analysis had dif-
ferent categories for tea consumption and we
were not able to conduct stratified analysis on
the association of consumption of different tea
types with T2DM risk.

consumed in the USA and European coun-
tries. Green tea is usually consumed in Asian
countries including China, Korea, Japan and
others (20-22% of tea consumption). The
remaining 2% is oolong tea, which is popular
in south-eastern China.” The three non-herbal
teas have different qualitative and quantitative
chemicals. Green tea contains more of chem-
ically simpler antioxidants (including epigallo-
catechin gallate, EGCG), while black tea and
oolong tea contain more complex antioxi-
dants, including theaflavins and thearubigins.*

According to the latest report from the
WHO, about 347 million people worldwide
have diabetes mellitus (DM), from which total
deaths are projected to rise by more than 50%
in the next 10years. Type 2 DM (T2DM)
accounts for approximately 90% of all diabetes
worldwide. Nearly 26 million people aged
>20 years in the USA have been diagnosed
with DM, among which the vast majority (90—
95%) had T2DM.® T2DM is often associated
with high morbidities and mortalities due to
different types of cardiovascular diseases,
resulting in heavy financial burden on patients
with T2DM, that is, about US$174 billion cost
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prevention of T2DM.? Some previous studies have sug-
gested that tea may have protective effect against DM.
Green tea extract decreases the levels of hyperglycaemia
and hyperinsulinaemia in an animal model of insulin
resistance.” Black tea extract helps in the regeneration
of damaged pancreas and protects pancreatic B cells in
the streptozotocin-induced mice with diabetes.'” As the
major polyphenolic constituent in green tea, EGCG can
delay the onset of TIDM in spontaneous non-obese
mice with diabetes, reduce blood glucose levels and
ameliorate the decrease of pancreatic islet mass in the
streptozotocin-induced mice with diabetes, and attenu-
ate high glucose-induced harmful effects in other
animal and cell models."' ™"

Over the last decade, several epidemiological studies were
carried out to investigate the association between tea con-
sumption and T2DM risk. However, the results were not
always consistent. Some studies found that tea consumption
might reduce T2DM risk,'®" while the others did not find
similar associations.”” ** An earlier meta-analysis suggested
that the highest level of tea consumption is associated with a
lower T2DM risk.* However, that study neither analysed the
potential difference of such influence from tea consumption
in different regions nor explored the potential influence of
the types of tea on T2DM risk. Meanwhile, some new studies
on the association between tea consumption and T2DM risk
are available® ™ and some studies even showed contrary
results.”> ** #° The association between tea consumption and
T2DM risk is still worthy of further clarification. Therefore,
we conducted this meta-analysis to pool the current evidence
from all eligible cohort studies so as to explore the associ-
ation between tea consumption and T2DM risk.

METHODS

Literature search strategy

To search for the cohort studies on the relationship
between tea consumption and the risk of T2DM

incident, we searched PubMed (http://www.ncbi.nlm.
nih.gov/pubmed) and EMBASE (http://www.embase.
com) in English, and Chinese Wanfang Database
(http://www.wanfangdata.com.cn/), and China National
Knowledge infrastructure (CNKI) in Chinese (30 August
2013). There were no criteria for the time period, age
or country restrictions included in the papers. Medical
subject-heading terms identifying articles were used as
follows: ‘tea’, ‘black tea’, ‘green tea’, ‘oolong tea’,
‘EGCG’, ‘thearubigin’, ‘theaflavin’, ‘camelia sinensis’,
‘flavonoid’, or ‘catechin’ combined with ‘diabetes’, ‘dia-
betes mellitus’, and ‘DM’ in the full-text option. The
titles and abstracts were screened first to exclude those,
which were clearly irrelevant. Full contents of the
remaining articles were then selected according to the
pre-established criteria. Furthermore, references of the
received articles were also searched.

Selection criteria

Studies included in this meta-analysis were selected
based on the following criteria: (1) these were cohort
studies; (2) these involved the consumption of natural
tea products and not tea extract or supplements; (3) the
exposure of interest should be tea consumption and the
outcome of interest should be the incidence of T2DM,
which was diagnosed by self-reports and/or medical
records; (4) the relative risk (RR) with the correspond-
ing 95% CI (or sufficient data to calculate it) for differ-
ent frequencies of tea intake were reported; (5) the
frequency of tea intake was classified according to the
number of cups of tea consumed per day. If a study pro-
vided separate RR estimates for men and women, we
treated them as two different studies. If a study provided
multiple models, the multivariate-adjusted model, which
included all the potential confounding variables in the
study, was selected. Reports focusing on TIDM or
animal studies were excluded. If publications were dupli-
cated or shared in more than one study, either the

Figure 1 Flow diagram
describing search results of the

519 Potentially Relevant Publications
Identified and Screened for Retrieval

systematic review (identification,
screening eligibility, inclusion).

499 Publications Excluded on the basis of
title or abstract (generally because studies

were not related to clinical effects of tea
Intake)

20 potentially relevant publications
retrieved for detailed analysis
assessment of the full article

8 Studies Excluded Because:
2 was not assessed by “cups/d”

2 had unsuitable RR baseline
3 lacked sufficient details
1 was based on other design types

12 prospective cohort Studies included in
the meta-analysis
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Table 1 Overview of eligible cohort studies on tea consumption in association with (T2DM) risk

Study

Follow-up
(years)

T2DM definition/
assessment

Tea

consumption
(cup/day)

RR/OR (95% Cl)

Adjustment factor

Salazar-Martinez
et af? (Health
Professionals
Follow-up Study
and Nurses’
Health Study)

Greenberg et al'®

(First National
Health and
Nutrition
Examination
Survey
Epidemiologic
Follow-Up Study)
Song et al 7 (The
Women'’s Health
Study)

van Dam et af*
(Nurses’ Health
Study 1)

Hu et af®

12

18

8.4

8.8

13.4
13.4

NDDG diagnostic
criteria,
self-report,
confirmed by
medical records

Self-report of
doctor’s diagnosis

ADA criteria,
self-report,
confirmed by
supplemental
diabetes
questionnaire and
contact with their
primary care
physician

NDDG criteria,
ADA criteria,
self-report,
confirmed by
medical record
review

WHO criteria,
incident cases
were ascertained
from the NHDR
and the NSIIDR

0
<1
1-3
>4

1-3
>4

<1

2-3
>4

1.00

0.92 (0.81 to 1.04)
0.97 (0.82 to 1.14)
1.02 (0.59 to 1.78)

1.00

1.05 (0.97 to 1.15)
1.01 (0.92 to 1.11)
0.91 (0.72 to 1.16)
1.00

0.76 (0.54 to 1.09)
0.67 (0.36 to 1.28)
0.34 (0.15 t0 0.76)

1.00

1.07 (0.95 to 1.21)
1.05 (0.91 to 1.21)
0.72 (0.52 to 1.01)

1.00

0.97 (0.83 to 1.12)
1.17 (0.97 to 1.40)
0.98 (0.79 to 1.20)
0.88 (0.64 to 1.23)

1.00
0.89 (0.71 to 1.11)
0.83 (0.59 to 1.17)
1.00
0.92 (0.74 to 1.15)
0.85 (0.57 10 1.27)

Age, total caloric intake,
family history of diabetes,
alcohol, smoking,
menopausal status and
postmenopausal hormone
use, intakes of glycaemic
load, trans-fat,
polyunsaturated fatty acid,
cereal fibre, magnesium, BMI,
physical activity

Per-capita income,
educational level, race,
gender, physical activity,
smoking, alcohol, BMI, age,
type of diet

Age, BMI, total energy intake,
smoking, exercise, alcohol,
history of hypertension,
history of high cholesterol,
family history of diabetes,
fibre intake, glycaemic load,
magnesium, and total fat
intake

Age, smoking, BMI, physical
activity, alcohol, use of
hormone replacement
therapy, oral contraceptive,
family history of T2DM,
history of hypertension,
history of
hypercholesterolaemia,
sugar-sweetened soft drinks,
punch, quintiles of processed
meat consumption,
polyunsaturated-to-saturated
fat intake ratio, total energy
intake, glycaemic index,
cereal fibre intake

Age, study year, education,
systolic blood pressure,
bread, vegetable, fruit,
sausage, coffee, tea, alcohol,
smoking, physical activity,
BMI

Continued
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Table 1 Continued
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T
Age Tea g
Follow-up range T2DM definition/  Sample consumption >
Study assessment size Case Tea (cup/day) RR/OR (95% Cl) Adjustment factor o
Pereira et al'® 4 follow-up mailed 28812 1418 Tea 0 1.00 Age, education, hypertension, 8
(lowa Women’s surveys, >1 1.01 (0.86to 1.19)  alcohol, smoking, cigarette (/)]
Health Study) self-report 1-3 1.02 (0.91 to 1.15)  pack-years, BMI, waist-to-hip C
>4 0.64 (0.4 to 1.03) ratio, physical activity, energy
intake, total fat, Keys score,
cereal fibre, soda
consumption, magnesium and
phytate intake
Iso et al'® (Japan FPG >7.8 mmol/ 6727 231 Green <1 1.00 Age, BMI, family history of
Collaborative L, or randomly tea 1-2 0.82 (0.47 to 1.41) DM, smoking, alcohol,
Cohort Study for measured green 3-5 1.12 (0.71 to 1.76) magnesium intake, hours of
Evaluation of concentration of tea >6 0.91 (0.55 to 1.52)  walking, hours of exercise,
Cancer Risk) >11.1 mmol/L, or <1 consumption of other
treatment with oral 1-2 beverages
hypoglycaemic 3-5
agents or insulin >6
to indicate new 10 686 213 1.00
cases of DM, 0.66 (040 to 1.08)
self-report 0.61 (0.41 to 0.91)
0.49 (0.30 to 0.79)
Hamer et af® OGTT, diabetic 5823 387 Tea 0 1.00 Age, gender, ethnicity,
(Whitehall 1l medication, <1 1.08 (0.75to 1.56) employment grade, BMI,
study) self-report of 2-3 0.81 (0.56 to 1.17)  waist-to-hip ratio, smoking,
doctor’s diagnosis >3 0.77 (0.52 to 1.14)  gender-specific alcohol
intake, physical activity, family
history diabetes,
hypertension, cholesterol,
total energy intake, diet
pattern, mutual adjustment for
all beverage type
Odegaard et aF° DRICD codes, 36 908 1889 Green 0 1.00 Age, year of interview, sex,
(Singapore self-report, tea Weekly 1.03 (0.91, 1.16) dialect, education,
Chinese Health ascertained by Daily 1.06 (0.90, 1.25) hypertension, smoking,
Study) hospital records alcohol, BMI, physical activity,
or telephone dietary variables, magnesium
interview and caffeine
Boggs et af® Self-report, 46 906 3671 tea 0 1.00 Age, questionnaire cycle,
(Black Women’s confirmed by <1 1.04 (0.96 to 1.13)  energy intake, education,
Health Study) medical records 1 0.99 (0.87 to 1.12)  family history of diabetes,
2-3 1.12 (0.97 to 1.30)  vigorous activity, smoking,
>4 1.14 (0.92to 1.42) glycaemic index, cereal fibre,
sugar-sweetened soft drinks,
BMI, history of hypertension,
history of high cholesterol
Hayashino et af® ADA criteria, 4975 201 Oolong 0 1.00 Age, BMI, physical activity,
(High-risk and WHO criteria, tea 1 0.81 (0.55 to 1.20) alcohol, family history of
Population blood test and >2 1.46 (1.01 to 2.10)  diabetes, hypertension,
Strategy for self-administered smoking, vegetable intake,
Occupational questionnaire sweetened beverage,

Health Promotion
Study)

fat-intake, health promotion
intervention

Continued
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former or the one without multivariate-adjusted esti-
mates was excluded. Study quality was assessed by using
the NOS for cohort studies.”

Data extraction and statistical analysis

Two reviewers (JY and Q-XM) independently searched
and screened all the potential related studies. Any dis-
agreement was resolved by discussion with the other
reviewers. For each eligible study included in this
meta-analysis, the following information was extracted:
the first author’s name, the year of publication, country
where the study was performed, study population, sex,
follow-up time, sample size, definition of cases, number
of cases, type of tea, the information of tea consump-
tion, RR and the corresponding 95% CI, and variables
adjusted for in the statistical analysis. Study-specific RR
(95% CI) for highest versus non/lowest tea consumption
levels were also extracted from the publications.

In most of the included studies, tea consumption is
assessed regarding the number of cups of tea consumed
daily except for the study of Odegaard et al, in which the
tea consumption was described as ‘weekly’ or ‘daily’. In
this study, participants were asked to choose the intake
frequency of tea from nine predefined categories (never
or hardly ever, 1-3 times/month, once a week, 2-3
times/week, 4-6 times/week, once a day, 2-3 times/day,
4-5 times/day and >6 times/day). The standard serving
size was assigned on the questionnaire as one cup. We,
therefore, assessed the ‘weekly’ tea consumption (includ-
ing once a week, 2-3 times/week, 4-6 times/week) as <1
cup/day and ‘daily’ tea consumption (including once a
day, 2-3 times/day, 4-5 times/day and >6 times/day) as
>1 cup/day.”” The studies regarded non-tea consump-
tion per day as the baseline (RR 1.0) of tea consumption
except for two studies, in which ‘<1 cup/week’ or ‘Never
or monthly tea consumption’ was used as baseline.'? *
So in our study, we considered the frequency of ‘<1
cup/week’ or ‘Never or monthly tea consumption’ as
equivalent to non-tea consumption per day.

We used the z-test to test if RR=1. The random-effect
models were used in the meta-analysis. Participants’ fre-
quencies of tea consumption were classified as non/
lowest, 0-1, 1-3 and >4 cups/day. The non/lowest tea
consumption group was regarded as the reference in all
the models. Statistical heterogeneity among studies was
assessed with the Q and I? statistics.

Stratified analysis was performed by the frequency of
tea consumption. In the first model, pooling RR was esti-
mated according to all the eligible individual studies
(0-1, 1-3 and >4 cups/day tea consumption groups vs
the reference). In order to further explore the relation-
ship between the higher tea consumption and T2DM,
the second model was performed, in which, the >3
cups/day of tea consumption group was compared with
the reference, allowing more studies to be included.

In the subgroup analysis according to sex, we first con-
ducted the comparison among 0-1, 1-3 and >4 cups/
day of tea consumption groups and the reference group,

Yang J, et al. BMJ Open 2014;4:¢005632. doi:10.1136/bmjopen-2014-005632
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Table 2 Quality assessment for the eligible studies according to the NOS

ID First author

Selection*

Comparability* Outcome*

Salazar-Martinez
Greenberg

Song

van Dam

Hu

Pereira

Iso

Hamer
Odegaard

10 Boggs

11 Hayashino

12 InterAct Consortium

©oONOO O~ WN =

R I i I I i i i i

[\SIN G \o RN \O T \C T \O I \C I \C T \O I \ O I\ I\
NI \CTN \O RN \C T \C T \O I \C RSO \O I\ I (b

A study was awarded a maximum of one star for each numbered item within the selection and outcome categories. Therefore, a maximum of
four stars were given for selection, three stars for outcome. A maximum of two stars were given for comparability. More stars mean higher

quality of the eligible studies.
*Means the number of stars.

then between >3 cups/day of tea consumption group
and the reference. Another subgroup analysis was per-
formed according to regions (Asian, American and
European groups). Since just two study populations with
>3 cups/day of tea consumption were included in the
Asian group, we only did the comparison among 0-1,
1-3 and >4 cups/day of tea consumption groups and
the reference in both regions.

Potential publication bias was assessed by the funnel
plots of each trial’s effect size against the inverse SE.
Funnel plot asymmetry was evaluated by the Egger
linear regression test. Sensitivity analysis was performed
to explore the potential different influence from the
types of tea on T2DM risk. All statistical analyses were
performed by the STATA statistical software (V.8.0;
STATA Corporation, College Station, Texas, USA). The
tests were two-sided, and statistical significance was set at
p<0.05.

RESULTS

Results of literature search

The flow diagram of the procedure used to identify the
relevant studies is shown in figure 1. A total of 519
potentially relevant papers were retrieved with the sys-
tematic search. Based on the predefined selection cri-
teria, 499 articles were excluded for different reasons
such as laboratory studies and reviews. Twenty potentially
relevant studies were initially selected.'™® %0 After
the evaluation of the full texts, eight studies were
excluded. One of them categorised tea consumption
based on the frequency ‘time/day’ of drinking and did
not assign the standard serving size as one cup,”
whereas another defined it in the volume (mL/day) of
drinking®; two articles were excluded because the base-
line of RR was <1 cup/day*' *'; three articles lacked suf-
ficient details for inclusion in meta-analysis® *° **; one
was also excluded because it was based on the nested
case—control study.?” Thus, 12 studies were selected for
the further analysis in this study,'¢-20 2> 20 28 52 34-36

Characteristics of included studies

All of the 12 papers that were included in this
meta-analysis involved cohort studies (properties are sum-
marised in table 1). Six of them were conducted in
USA,!16-18 25 32 34 yhree in Asia'® 2° 2 and three in
Europe.28 35 36 A total of 761949 participants were
included in these studies, with 29 981 incident cases of
new-onset T2DM. Mean age of the participants at baseline
ranged from 17 to 88 years, and the median duration of
follow-up times from these studies ranged from 3.4 to
18 years. Study quality assessment is shown in table 2.

Effect of tea consumption on risk of T2DM

Random-effect model was used (Pheerogenciy=0-071,
1?=27.0%). Overall, no statistically significant relationship
between tea consumption and risk of T2DM was found
according to 12 eligible studies (pooling RR 0.99, 95%
CI 0.95 to 1.03, p=0.549). No statistically significant rela-
tionship was found in any stratified group, except for
the comparison between the highest tea consumption
(=4 cups/day) group and the non-consumption/lowest
consumption group (the reference). The corresponding
RRs (95% CIs) and p values were 1.01 (0.96 to 1.06),
0.729 for <1 cup/day group versus the reference, 1.01
(0.97 to 1.05), 0.700 for 1-3 cup/day group versus the
reference, and 0.84 (0.71 to 0.99), 0.036 for >4 cups/
day group versus the reference, respectively (figure 2A).

In the second model, RR (95% CI) was estimated
according to nine eligible studies by random-effect
method  (Ppeerogenciy=0-059, 1°=42.5%). The results
showed that daily tea consumption (>3 cups/day) was
associated with a lower T2DM risk, compared with the
reference (RR 0.84, 95% CI 0.73 to 0.97, p=0.014)
(figure 2B).

In subgroup analysis according to sex, a difference was
found between men and women (RR 0.92, 95% CI 0.84 to
1.00, p=0.048 for men, and RR 1.00, 95% CI 0.96 to 1.05,
p=0.889 for women) with regard to tea consumption and
T2DM risk according to the random-effect models

6
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RR
Study (95% CI) % Weight
01 !
salazar1 (2004) —_— 0.92(0.81,1.04) 53
salazar2 (2004) —:-.— 1.05(097,1.15) 76
greenberg (2005) : 0.76 (054, 1.09) 11
song (2005) —— - 1.07 (0.95,1.21) 55
Is01 (2006) - 0.79(047,1.32) 0s
Is02 (2006) | 0.48 (0.24,0.8) 03
Pereira (2006) 1.01(0.86, 1.19) 38
van dam (2006) 0.97(0.83,1.12) 42
Hamer (2008) . 1.08(0.75, 1.56) 10
Odegaard? (2008) L 1.03(091,1.16) 54
Boggs (2010) : 1.04(0.96,1.13) 79
Subtotal <= 1.01(0.96, 1.06) 424
|
13 |
salazar1 (2004) — 0.97 (0.82,1.14) 37
salazar2 (2004) —— 1.01(082,1.11) 70
greenberg (2005) - 0.67 (036, 1.28) 03
song (2005) B S— 1.05(0.91,1.21) 45
Hu1 (2006) —_——— 0.89(0.71,1.11) 23
Hu2 (2006) —-—:— 0.92(0.74, 1.15) 24
Iso1 (2006) : 0.82(0.47,1.41) 0s
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Figure 2 Forest plots of RR (relative risk) with 95% CIl of T2DM associated with the tea consumption stratified (A) by the
frequency of tea consumption® in random model and (B) by random-effect model (>3 cups/day of tea consumption vs the
reference). ®The frequency of tea consumption was classified as non/lowest, 0—1, 1-3 and >4 cups/day. Non/lowest of tea
consumption group was regarded as the reference. Black square means value of RR, and the size of the square means inversely
proportional to its variance. Horizontal line means 95% CI of RR. Black diamond means pooled results. The studies were ordered

by published year.

(Phctcrogcncityzo-ggl, 12:00% for men; Phctcrogcncity:()'0297
1°=40.5% for women). No statistically significant relation-
ship was found in any stratified group. In men, the corre-
sponding RRs (95% CIs) and p values were 0.91 (0.81 to
1.03), 0.138 for <1 cup/day group versus the reference,
0.92 (0.81 to 1.04), 0.187 for 1-3 cup/day group versus the
reference, and 0.96 (0.66 to 1.39), 0.826 for >4 cups/day
group versus the reference (figure 3A). In women, the cor-
responding RRs (95% CIs) and p values were 1.03 (0.98 to
1.09), 0.250 for <1 cup/day group versus the reference,
1.03 (0.98 to 1.08), 0.321 for 1-3 cup/day group versus the
reference, and 0.81 (0.65 to 1.01), 0.067 for >4 cups/day
group versus the reference (figure 3B). Compared with
the reference, the association between >3 cups/day of tea

consumption and decreased T2DM risk was only in
women. The corresponding RRs (95% Cls) were 0.94
(0.74 to 1.20), p=0.640 for men (Pheterogeneiy=0.559,
1°=0.0%), and 0.84 (0.71 to 1.00), p=0.049 for women
(Pheterogeneiy=0.063, IQ=49.8%), respectively (figure 4A, B).
Another subgroup analysis was performed according to
different regions (Asia, America and Europe). Overall, the
pooling RRs (95% ClIs) and p values were 0.84 (0.71 to
1.00), 0.046 for Asian group (Pheierogenciy=0-024,
1°=54.7%), and 1.00 (0.97 to 1.04), 0.813 for American
and Furopean group (Pheterogenciy=0-300, IQ=11.1%)
(figure bA, B).

Potential publication bias was estimated by Funnel
plot (Begg’s test) and Egger’s linear regression
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Figure 3 Forest plots of RR (relative risk) with 95% CI of T2DM associated with the tea consumption stratified by the frequency
of tea consumption® (A) among men in random-effect model and (B) among women in random-effect model. ®The frequency of
tea consumption was classified as non/lowest, 0-1, 1-3 and >4 cups/day. Non/lowest of tea consumption group was regarded as
the reference. Black square means value of RR, and the size of the square means inversely proportional to its variance.
Horizontal line means 95% CI of RR. Black diamond means pooled results. The studies were ordered by published year

(p<0.001, figure 6). Sensitivity analyses were performed
to explore the potential heterogeneity. After omitting
those studies that mentioned clearly either green tea or
oolong tea, no significant heterogeneity between the
remaining studies was found (Pheterogeneiy=0.058,
I2=26.3%). At the same time, potential publication bias
also decreased slightly (p=0.002). The pooling RRs

(95% CIs) were not modified obviously (RR 0.99, 95%
CI 0.96 to 1.02, p=0.495).

DISCUSSION
Drinking tea has recently attracted scientific attention as
a potential nutritional strategy to prevent a broad range

8

Yang J, et al. BMJ Open 2014;4:6005632. doi:10.1136/bmjopen-2014-005632



8 Open Access

A RR

Study (95% Cl)

Iso1 (2006) -

salazar1 (2004) .

% Weight

1.12(0.71,1.76)  29.1

Hu1 (2006) 0.83(0.59, 1.17) 512

1.02(0.59,1.78) 19.7

Overall 0.94 (0.74,1.20) 100.0
T
5 1 1.8
RR
B RR
Study (95% ClI) % Weight

+
+
+

Hu2 (2006) B

salazar2 (2004) 0.91(0.72,1.16)  19.0

song (2005) 0.72(0.52,1.01) 142

van dam (2006) 0.88(0.64,1.23) 144

0.85(0.57,1.27) 114

Pereira (2006) B 0.64 (0.40,1.03) 92
Iso2 (2006) B 0.61(0.41,091) 115
Boggs (2010) + 114(0.92,142) 203
Overall 0.84(0.71,1.00) 100.0
T T
4 1 15

RR

Figure 4 Forest plots of RR (relative risk) with 95% ClI; of
T2DM associated with the tea consumption (A) among men
by random-effect model (>3 cups/day of tea consumption vs
the reference) and (B) among women by random-effect model
(>3 cups/day of tea consumption vs the reference). Black
square means value of RR, and the size of the square means
inversely proportional to its variance. Horizontal line means
95% CI of RR. Black diamond means pooled results. The
studies were ordered by published year.

of disorders. Over the last decade, many studies were
conducted to investigate the association between tea
consumption and DM risk.'®*® % The studies
included in our meta-analysis showed inconsistent results
on the association between tea consumption and T2DM
risk. Some papers showed moderately inverse associa-
tions,lf’_20 while others did not find statistically signifi-
cant associations.”” ** **% Another paper even found a
moderately positive association.” Similar positive associ-
ation has also been shown in two other studies which
have not been included here.” ** One possible reason
could be that the participants who were at risk for dia-
betes or diagnosed with T2DM might have preferred to
drink more green tea or oolong tea; these teas are com-
monly regarded as healthy beverages. The other possible
reason may be the pesticide residue in tea. It is reported
that 1,1,1-trichloro-2,2-bis( p-chlorophenyl)ethane (p,p’-
DDT) was detected in tea.”® Higher blood DDT level
has been confirmed to be associated with high preva-
lence of diabetes in the 1999-2002 National Health and

Nutrition Examination Survey.”’ Thus, pesticide residue
in tea may be a possible mechanism.

Our meta-analysis did not find significant relationship
between tea consumption and the risk of T2DM when
we pooled the eligible data, including all different fre-
quency groups of tea consumption. However, compared
with the reference, >4 cups of tea consumption per day
was associated with reduced T2DM risk by approximately
16%. To include more other studies to verify the effect
and explore how much tea consumption would have a
statistical effect on modifying the risk of T2DM, we per-
formed a comparison between >3 cups/day and the ref-
erence and found that such frequency of tea
consumption was associated with a decreased T2DM
risk. Our results were slightly different from the previous
studies, for example, Jing et al' showed that >4 cups/day
of tea consumption was associated with reduced T2DM
risk, while Huxley et al’® showed that daily tea consump-
tion (>3-4 cups/day) was associated with a lower T2DM
risk by approximately 15%.

Subgroup analyses according to sex showed a differ-
ence between men and women with regards to tea con-
sumption and T2DM risk. One possible reason is that
fewer studies focused on males in the articles selected
for this study. Moreover, a possible biological explan-
ation for the sex difference is that, in males, there is a
higher prevalence of lower testosterone level in patients
with T2DM than those without such disease.” Tea
intake increases total testosterone levels in male rats.*" Tt
is possible that tea consumption may increase androgen
levels and in turn decrease T2DM risk. In females,
studies focusing on oestrogen use and T2DM risk show
uncertain results.*! *2 Moreover, the association between
tea intake and oestrogen level is also controversial.** **

Teas have various biological effects in different dis-
eases. For example, green tea is more effective than
black tea in improving the lipid profile, and exerts
greater and faster antihyperlipidaemic effect than
oolong tea. Green tea may have an inhibitory effect on
the activity of the angiotensin converting enzyme in
healthy volunteers, whereas black tea has no such
effect.”® However, in our meta-analysis, only three
reports had the information on the type of tea con-
sumed and the risk of TQDM,19 20 26 Thus, no compari-
son between the types of tea and T2DM risk was
performed. However, we performed a subgroup analysis
according to regions and found a significant association
between tea consumption and decreased T2DM risk in
Asian population (RR 0.84, 95% CI 0.71 to 1.00), but
not in the American and European populations (RR
1.00, 95% CI 0.97 to 1.04). This may be explained by
the different types of teas consumed in different
regions. Black tea is mainly consumed in the USA and
European countries, while green tea is preferred in
Asian countries. A difference in the physiques between
Asians and Americans/Europeans which may lead the
unequal cumulative effects from the tea consumption
may be another reason for the discrepancy.
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Figure 6 Begg’s funnel plot of publication bias test. Log RR
means the nature logarithm of RR (relative risk). Horizontal
line means the summary estimate, while the sloping lines
mean the expected 95% CI.

interpreting our results. First, the research included in
our meta-analysis had different categories for tea con-
sumption. In most studies, tea consumption is assessed
based on the number of cups of tea consumed daily.
However, cup size and volume may vary considerably.
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Second, our search was limited to published English and
Chinese language studies because of language barrier.
Third, except for other chemical constituents, there is
caffeine naturally present in tea. Some human studies
showed that caffeine intake is associated with a statistic-
ally significantly lower T2DM risk.'® *” In our current
meta-analysis, most of the studies have a lack of adjust-
ment for caffeine, which might have confounded the
results. Fourth, due to the limited information in the
included cohort studies, we were not able to conduct
stratified analysis on the association of different tea types
with T2DM risk. Five, other lifestyle parameters could
have affected T2DM risk, including the consumption of
fruits, whole-grain, and meat, and prolonged TV
viewing.**! Comprehensive lifestyle interventions are
associated with decreased T2DM risk.”® Thus, tea con-
sumption is likely to be related to all sorts of other life-
style behaviours that could affect T2DM risk.

The potential publication bias in this meta-analysis
includes: (1) non-inclusion of other studies that were
published in languages other than English and Chinese
and (2) lack of information of the types of teas used in
the studies. However, most of the related researches have
been included in this meta-analysis. Furthermore, in the
sensitivity analysis of our meta-analysis, no significant
heterogeneity was found after omitting the papers that
mentioned green or oolong tea. However, further
studies should be carried out to enrich related evidence.

In summary, our results indicate that daily tea con-
sumption (>3 cups/day) is associated with a lower
T2DM risk. This implies that the daily consumption level
might be an important factor in determining the pro-
tective effect of tea against T2DM. More strictly designed
cohort studies should be carried out to explore the
potential differences between men and women, or to
explore the different effect from types of tea.
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