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Abstract

Background: Strong epidemiologic evidence indicates that green tea intake is protective against hyperlipidemia;
however, randomized controlled studies have presented varying results. In the present study, we aimed to conduct
a literature review and meta-analysis to assess the effect of green tea on blood lipids.

Methods: PubMed, Embase, and the Cochrane Library were electronically explored from inception to September
2019 for all relevant studies. Random effect models were used to estimate blood lipid changes between green tea
supplementation and control groups by evaluating the weighted mean differences (WMD) with 95% confidence
intervals (Cls). The risk of bias for study was assessed using the Cochrane tool. Publication bias was evaluated using
funnel plots and Egger's tests.

Results: Thirty-one trials with a total of 3321 subjects were included in the meta-analysis. In general, green tea intake
significantly lowered the total cholesterol (TC); WMD: — 4.66 mg/dL; 95% Cl: — 6.36, — 2.96 mg/dL; P < 0.0001) and low-
density lipoprotein (LDL) cholesterol (WMD:—4.55 mg/dL; 95% Cl: —6.31, — 2.80 mg/dL; P < 0.0001) levels compared
with those in the control. Green tea consumption did not affect high-density lipoprotein (HDL) cholesterol; however, it
reduced the triglycerides compared with that in the control (WMD: — 3.77 mg/dL; 95% Cl: — 890, 1.37 mg/dL; P=0.15).
In addition, significant publication bias from funnel plots or Egger's tests was not evident.

Conclusions: Collectively, consumption of green tea lowers LDL cholesterol and TC, but not HDL cholesterol or
triglycerides in both normal weight subjects and those who were overweight/obese; however, additional well-
designed studies that include more diverse populations and longer duration are warranted.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of
mortality and disability worldwide, accounting for appro-
ximatelyl7.3 million deaths per year [1]. Hyperlipidemia,
resulting from abnormalities due to lipid metabolism,
causes atherosclerotic plaques and is considered a major
risk factor for CVDs [2]. The previous study reports that

* Correspondence: chengz2003@163.com

“Division of Cardiology, Department of Internal Medicine, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology,
Wuhan 430030, People’s Republic of China

Full list of author information is available at the end of the article

B BMC

subjects with hyperlipidemia have a three-fold risk of heart
attack compared with those with normal lipid levels [3].
Moreover, CVDs risk was found to reduce by 3% when the
serum cholesterol decreased by 1% [4]. Although several
synthetic lipid-lowering medications (fibrates, statins, and
bile acid sequestrants) are available in the market, their
long-term usage might result in various adverse effects [5].
Agencies concerned with cardiovascular health have uni-
formly stressed the importance of lifestyle and diet as the
primary means of lowering serum lipids and CVDs risk [6].
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Green tea, which is derived from the plant Camellia
sinensis, is a popular beverage worldwide, and can delay
the onset or progression of numerous diseases such as
cardiovascular disorders, metabolic diseases, and hyper-
tension [7, 8]. Tea polyphenols, specifically catechins
(flavonoids), are crucial in promoting health. The four
major catechins (constituting 25-30%) reported in green
tea are epicatechin (EC), epigallocatechin (EGC), epica-
techingallate (ECG), and epigallocatechin gallate (EGCG)
[9]. EGCQG is most abundant (50-60% of total catechins),
and has anti-inflammatory, antioxidant, anticarcinogenic,
and antiobesity properties [10, 11]. Green tea also con-
tains theaflavins, caffeine, phenolic acids, and flavonols
such asquercetin, kaempferol, and myricetin [12].

Both in vitro and animal experiments have shown that
green tea catechins can significantly reduce the levels of
plasma triglycerides, total cholesterol (TC), and low-
density lipoprotein (LDL) cholesterol [11, 12]. However,
clinical trial results have not been conclusive regarding
these effects of green tea. Some randomized controlled
trials (RCTs) and meta-analyses have suggested that
green tea may affect the lipid profiles in subjects with
cardiovascular-related diseases such as hypercholesterol-
emia, hypertension, and glucose intolerance as well as in
healthy individuals [13, 14], whereas other RCTs have
not been able to confirm the positive metabolic effects
of green tea [15, 16].

In this article, we report a systematic review and meta-
analysis of RCTs to quantitatively assess the effect of
green tea on total cholesterol, LDL, HDL, and triglycer-
ide levels based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [17].

Methods

Search strategy and eligibility criteria

We explored PubMed, Embase, and the Cochrane Li-
brary from the index date of each database through Sep-
tember 2019 by using the following terms: “green tea,”
“tea component(s),” “green tea extract,” “tea solid(s),”
“catechins,” “EGCG,” “Camellia sinensis,” and “tea poly-
phenols,” which were paired with the following words:
“blood lipid,” “blood cholesterol,” “high-density lipopro-
tein cholesterol,” “low-density lipoprotein cholesterol,”
“triglyceride,” or “cardiovascular.” We further restricted
the search to studies on humans and to English articles.
Additional studies not captured by our database search
were retrieved via a manual search of references from
the originally identified reviews and research reports.

” o«

Study selection

The prespecified inclusion criteria were as follows: 1)
adult subjects who had ingested green tea for>2 weeks;
2) use of an RCT design; 3) trial reported effects on TC,
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LDL cholesterol, HDL cholesterol, or triglycerides;4)
green tea extract not being administered as part of a
multicomponent supplement in either the experimental
or control group; 5) the study used a concurrent control
group; the only difference between the treatment and
control groups was the use of green tea or green tea ex-
tract; and 6) each group in the trial enrolled > 10 partici-
pants. The exclusion criteria were as follows: 1) trials that
enrolled children or pregnant women;2) trials in which
green tea was included as part of a calorie-containing bev-
erage, for example, milk or fruit juice. The data of multiple
published reports from the same study population were
included only once.

Assessment of risk of bias in included studies

Two authors (CGZ and XRF) independently assessed the
risk of bias of each study, using the Cochrane tool for
assessing risk of bias [18]. Any disagreement was re-
solved by discussion between the third author (YK). The
risk of bias tool addresses the following domains: Bias
arising from the randomisation process; Bias due to de-
viations from intended interventions; Bias due to missing
outcome data; Bias in measurement of the outcome; Bias
in selection of the reported result and overall bias. For
each study we categorized each domain as ‘low risk of
bias’, ‘high risk of bias’ or ‘Some concerns’. The overall
risk of bias generally corresponds to the worst risk of
bias in any of the domains. However, if a study is judged
to have “some concerns” about risk of bias for multiple
domains, it might be judged as at high risk of bias
overall.

Data extraction

We extracted all data using a standardized data collec-
tion form. The following information was sought from
each article: study characteristics (the first author, year
of publication, study design, sample size, study duration,
intervention type and dose), participant characteristics
(age, sex, country, and baseline cholesterol status), and
mean differences in the levels of TC, LDL, HDL, and tri-
glycerides, representing the primary outcome measures.
Two authors (CGZ and XRF) independently extracted
the data, and any disagreements were resolved by discus-
sion with a third author (YK). All values were converted
to milligram per deciliters (mg/dL) in this trial. Although
outcomes were reported several times at different stages
of the trials, only the final outcome concentrations, at
the end of the trial, were included in the meta-analysis.

Statistical analysis

We performed this meta-analysis by using STATA stat-
istical software (version 11; STATA Corp LP). Treat-
ment effects were defined as the mean differences and
95% confidence intervals (CIs) calculated for changes in
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TC, LDL, HDL, and triglyceride levels between the inter-
vention and control groups from baseline to the end of
the intervention period. Pooled estimated effects were
calculated by assigning each study a weight of the recip-
rocal of its variance. If the standard deviations (SDs)
were not reported directly, then the variances were im-
puted from P values, 95% Cls, standard error (SE), or ¢
values [19]. In addition, missing SD values for paired dif-
ferences were imputed by assuming a correlation coeffi-
cient of 0.5 between the variances at baseline and end of
trial according to the method by Follmann et al. [20].
Random-effects models (DerSimonian and Laird), which
considered both within- and between-study variation,
were performed for the studies used different doses,
different populations, different durations and so on.
Statistical heterogeneity was estimated by using
Cochran’s test (P <0.10 was considered statistically sig-
nificant) and heterogeneity was quantified with the I*
statistic. I >50% indicated significant heterogeneity
across studies [21]. Prespecified subgroup analyses were
performed according to: catechin dosage (=615 mg/day,
high median vs. <615 mg/day, low median); green tea
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intervention duration (=12 weeks, long-term vs. <12
weeks, short-term); intervention type (green tea beverage
or green tea capsule); participant ethnicity (Asian or
Western countries); study design (parallel or crossover);
health status of participants (healthy subjects vs. obese
subjects). Furthermore, meta-regression analysis was
performed to examine the association between the net
change in serum lipids and intervention dose, treatment
duration, intervention type, caffeine content, different
ethnicity and study design. Sensitivity analyses were per-
formed to assess the stability of the results by removing
one study each time to identify the impact of individual
studies on the pooled effect size. Funnel plots and
Egger’s regression test were used to assess the publica-
tion bias [22]. A P value of < 0.05 was considered statis-
tically significant in this trial, unless otherwise specified.

Results

Results of the literature search

The detailed process of the study selection is depicted in
Fig. 1. In total, 1736 potentially relevant articles were
initially identified from PubMed, EMBASE, and the

Potentially relevant articles (n=1736)
Pubmed: 818

Embase: 756

Cochrane: 152

Manual search: 10

Excluded (n=1631)

,| Duplicated articles: 653

Clearly not eligible: 811

Review, editorial or protocol: 167

\ 4

Full-text articles reviewed (n=105)

\ 4

Excluded (n=74)

No suitable endpoint: 25

Multicomponent supplements: 9

Subjects had been treated with black tea

or oolong tea: 8

Did not report enough details for inclusion: 27
Experiment duration <2 weeks: 5

A 4

Studies included in the meta-analysis (n=31)

Fig. 1 Flow diagram of the study selection procedure presenting the number of eligible articles included in the meta-analysis
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Cochrane Library, collectively with manually searched
articles. A total of 1631 articles were excluded, either
because of duplication or because they were deemed ir-
relevant on the basis of the article title and abstract
screening. We included 105 articles in the full-text re-
view during which 74 articles were excluded for various
reasons: 27 articles did not report enough details for
inclusion, 25 articles did not report relevant outcomes, 8
articles were excluded because the subjects had been
treated with black tea or oolong tea, 5 studies were < 2
weeks in duration, 9 studies used green tea a multicom-
ponent supplement in the experimental group. Thus, 31
articles were eventually selected for inclusion in the
meta-analysis.

Study characteristics

Thirty-one eligible RCTs with a total of 3216 subjects
were enrolled in the meta-analysis [23-53]. Trial charac-
teristics are summarized in Table 1. In these trials, the
study duration ranged from 3 weeks to 12 months, trial
size varied from 20 to 936 subjects, green tea catechin
intake in the intervention groups ranged from 80 to
2488.7 mg/d. We included 31 trials with 33 comparisons
in this meta-analysis. Thirty-one comparisons reported
on total cholesterol (1 =3024 subjects) [23-36, 38-40,
42-53], 29 comparisons reported on LDL cholesterol
(n=3005) [23-29, 32-40, 42-44, 46-53], 29 compari-
sons reported on HDL cholesterol (n=3073) [23-30,
32-36, 38—44, 47-53] and 29 comparisons reported on
outcomes for triglycerides (n=3025 subjects) [23-29,
31-36, 38—41, 43-45, 47-53]. Sixteen comparisons were
conducted in western countries [23-26, 29-31, 40, 42,
46-48, 50, 53] and 17 comparisons were conducted in
Asian countries [27, 28, 32-39, 41, 43-45, 49, 51, 52].
Twelve comparisons were performed in healthy normal
weight subjects [31, 36, 39, 43, 46-49, 52, 53], and 21
comparisons were conducted in over-weight to obese
patients [23-30, 32-35, 37, 38, 40-42, 44, 45, 50, 51].
Most of the comparisons (30/33) used a parallel study
design [23-25, 27-31, 33, 34, 36-53], whereas 3 com-
parisons adopted a crossover design [26, 32, 35]. Four-
teen comparisons ruled out the confounding effect of
caffeine on lipid concentrations [23, 25, 26, 28, 34, 35,
37-39, 42, 46, 48, 53], 12 comparisons used caffeinated
green tea as supplements [27, 29-33, 40, 43-45, 49, 52]
and 7 did not report the use of coffee [24, 36, 41, 47, 50,
51]. Nine comparisons selected green tea beverage [23,
32, 40, 43-45, 47, 49, 52], and 24 comparisons used
green tea extract capsule [24-31, 33-39, 41, 42, 46-48,
50, 51, 53] (Table 1).

Risk of bias
Overall nine of the 31 studies were at low overall risk of
bias with no items at unclear or high risk of bias [25, 26,
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28, 33, 34, 39, 42, 48, 51]; two were at unclear risk of
bias with no items at high risk of bias [35, 52]; and 20 were
at high risk of bias [23, 24, 27, 29-32, 3638, 40, 41, 43-47,
49, 50, 53] (Fig. 2). The risk of bias judgments and the de-
tails for each trial are in supplementary Table 1.

Main outcomes

Primary outcome measures included changes in TC,
LDL cholesterol, HDL cholesterol, and triglycerides.
Thirty-one studies representing 3024 participants re-
ported results for serum TC concentrations. Collectively,
a significant difference was observed in the serum TC
level in the green tea supplementation and the control
groups (weighted mean difference: —4.66 mg/dL; 95%
CL - 6.36, — 2.96 mg/dL; P <0.0001). This difference rep-
resents a 2.3% decrease in the TC concentration while
consuming green tea. Heterogeneity was not significant
for this outcome (1% = 23.2%, P = 0.124; Fig. 3).

Results for LDL cholesterol were reported in 29 studies
representing 3005 participants. Green tea supplementation
significantly reduced the LDL cholesterol by —4.55 mg/dL
(95% CI: -6.31, - 2.80 mg/dL; P<0.0001) compared with
the placebo effects. The degree of heterogeneity was signifi-
cant (I* = 28.1%; P = 0.082) (Fig. 4).

The mean change in HDL cholesterol concentrations
was reported in 29 studies, which represented 3073 partic-
ipants. In general, no significant difference was observed
in serum HDL between the green tea supplementation
and placebo groups (weighted mean difference: 0.23 mg/
dL; 95% CI: - 0.45, 0.91 mg/dL; P =0.50). The overall re-
sult for the heterogeneity test was significant (I* = 34.8%;
P =0.035) (Fig. 5).

Serum triglyceride concentrations were calculated in
29 comparisons that included 3025 subjects. Although
differences in triglyceride levels did not attain statistical
significance, we observed a trend in favor of green tea -
3.77 mg/dL (95% CI: - 8.90, 1.37 mg/dL; P =0.15). Large
heterogeneity (I* =56.5%; P =0.0001) was observed in
this outcome (Fig. 6).

Subgroup analysis and meta-regression

In the subgroup analysis, the beneficial effect of green
tea intake on total cholesterol was consistently observed
in all the analyses except for the study design subgroups.
Green tea consumption significantly lowered TC in sub-
groups with parallel design, but no effect was found in
the subgroup with crossover design. In addition, the
beneficial effect of green tea intake on LDL cholesterol
was also consistently observed in most subgroup ana-
lyses except for the decaffeination subgroup. A signifi-
cant reduction in LDL cholesterol was observed in the
decaffeination subgroup; however, no effect was ob-
served in the caffeine subgroup. Meta-analysis indicated
that green tea has no effect on serum HDL cholesterol,
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Bias arising from the randomisation process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall bias assessment

0% 25% 50% 75% 100%
[ Lowriskotbias [ unclearrisk of bias [Jl] Hion risk of bias
Fig. 2 Risk of bias summary: review authors' judgements about each risk of bias item for included studies
~
Study %
1D WMD (95% ClI) Weight
Basu 2011 -1.94 (-4.61,0.73) 12.40
Bogdanski 2012 -15.85(-27.83,-3.87) 1.81
Brown 2009 0.15(-11.41,11.11) 2.02
Brown 2011 -4.26 (-11.30, 2.78) 439
Chan 2008 3.86(-13.52,21.24) 091
Chen 2016 -18.30 (-37.42,0.82) 0.76
Diepvens 2008 -11.58 (-25.69, 2.53) 1.34
Frank 2009 -8.96 (-32.73, 18.81) 0.43
Freese 1999 -15.43 (-42.81, 11.95) 0.38
Fukino 2008 -3.80(-18.89,11.29) 1.19
Hsu 2008 -3.00 (-19.96, 13.96) 0.95
Hsu 2011 6.58 (-8.33, 21.49) 1.21
Huang 2018 -2.60 (-6.19, 0.99) 9.93
Kafeshani 2017 -3.568 (-14.83,7.71) 202
Liu 2014 -2.60 (-11.91,6.71) 281
Lu 2018 -10.90 (-17.52, -4.28) 4.82
Masaki 2009 -8.27 (-13.48, 0.94) 4.24
Mielge-Ayuso 2014 8.12(-5.15, 21.39) 1.50
Miyszaki 2012 -12.20 (-26.32, 1.92) 1.34
Nagao 2007 -2.32(-8.48, 3.84) 535
Nagao 2009 -15.20 (-29.75, -0.65) 1.27
Nantz 2009 -3.00 (6.77,0.77) 9.50
Princen-a 1998 1.55(-11.46,14.56) 1.58
Princen-b 1998 -5.40 (-19.27, 8.47) 1.39
Samavat 2018 -5.78 (-8.98, -2.58) 10.92
Sone 2011 4.84 (-4.51, 13.79) 2.90
Suliburska 2012 -15.08 (-33.65, 3.49) 0.80
Tadayon 2018 -13.10 (-25.18, -1.02) 1.78
Venkatakrishnan 2018 —_——] -8.01 (-21.86, 9.84) 1.08
Wu-a 2012 ~ -11.33 (-18.86, -3.80) 3.97
Wu -b 2012 -8.88 (-13.31,-0.45) 5.02
Oversll (l-squared = 22.2%, p = 0.124) -466(-8.38,-2.96)  100.00
NOTE: Weights are from random effects analysis'
T T

-42.8 0 428

Fig. 3 Meta-analysis of the effects of green tea on total cholesterol concentrations. Results from individual trials were pooled with the use of

random-effect models and are expressed as weighted mean differences with 95% Cls
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-33.4

o

\

Study %
D WMD (95% Cl) Weight
Basu 2011 —_— -6.19 (-15.79,3.41) 271
Bogdanski 2012 —_— -13.92 (-26.03, -1.81) 1.83
Brown 2009 —— 5.10 (-4.01,1421) 295
Brown 2011 —_—— -3.48 (-9.70,2.74) 515
Chan 2006 i - 15.44 (-2.48,33.36) 0.90
Chen 2016 - -14.90 (-30.98, 1.18) 1.10
Diepvens 2006 —_—— -3.86 (-15.84,8.12) 1.87
Fukino 2008 —_— 1.10 (-11.91,14.11) 162
Hsu 2008 —_— -10.50 (-22.69, 1.69) 1.81
Hsu 2011 —_—— -5.42(-14.38,3.54) 3.03
Huang 2018 —_— -5.30 (-10.49,-0.11) 6.39
Kafeshani 2017 —_— -7.26 (-18.75,4.23) 2.01
Lee 2016 —_— -9.60 (-18.31,-0.89) 3.17
Liu 2014 | ———— 5.40 (-2.66, 13.46)  3.57
Lu 2016 —_— -3.40 (-9.19, 2.39) 5.62
Maki 2009 —_— -1.67 (-7.73, 4.39) 5.31
Mielgo-Ayuso 2014 — 5.80 (-7.56, 19.16) 1.54
Miyazaki 2013 —_— -7.50 (-19.10,4.10) 1.98
Nagao 2007 —_— -5.01(-9.95,-0.07) 6.75
Nantz 2009 — -5.60 (-9.09,-2.11) 922
Princen-a 1998 —_— 0.78 (-10.48,12.04) 2.08
Princen-b 1998 _— -5.79 (-18.60,7.02) 1.66
Samavat 2016 —— -5.86 (-8.81,-291)  10.30
Sone 2011 —_— 2.71(-5.18,1060) 3.69
Suliburska 2012 -+ - -12.76 (-28.32,2.80) 1.17
Tadayon 2018 —_— -12.00 (-22.78, -1.22) 2.24
Venkatakrishnan 2018 0.80 (-14.52, 16.12) 1.20
Wu-a 2012 —_— -10.83 (-17.97, -3.69) 4.27
Wu -b 2012 —_— -8.69 (-15.20,-2.18) 4.84
Overall (-squared = 28.1%, p = 0.082) d) -4.55(-6.31,-2.80)  100.00
1

NOTE: Weights are from random effects analysis

T T

Fig. 4 Meta-analysis of the effects of green tea on LDL cholesterol concentrations. Results from individual trials were pooled with the use of
random-effect models and are expressed as weighted mean differences with 95% Cls. LDL cholesterol: low-density lipoprotein cholesterol

334

which was consistent in all the subgroup analyses. Sub-
group analysis suggested that triglycerides were reduced
to a greater degree in the studies with longer duration
subgroup, with mean changes of —9.03 mg/dL (95% CI:
-17.92, -0.15mg/dL; P=0.04); however, no effect of
green tea on triglycerides was observed in other sub-
group analysis (Table 2).

Meta-regression found no linear relations between net
change in TC, LDL cholesterol, HDL cholesterol or tri-
glycerides and intervention dose (Fig. 7). Furthermore,
meta-regression found no linear relations between net
change in serum lipid and treatment duration, caffeine
content, different ethnicity, intervention type and study
design.

Publication bias

The funnel plots of the studies were symmetrical for TC,
LDL cholesterol, HDL cholesterol, and triglyceride (sup-
plementary Figure 1). Furthermore, Egger’s test suggested
that no strong evidence was seen for a publication bias for
TC (P =0.63), LDL cholesterol (P = 0.54), HDL cholesterol
(P =043), or triglycerides (P = 0.36).

A sensitivity analysis was performed to confirm the ro-
bustness of our findings, in which one study at a time
was excluded and the rest were analyzed; herein, the
pooled reductions in TC ranged from - 4.77 mg/dL (95%
CL -640, —3.14mg/dL) to —-4.26 mg/dL (95% CIL: -
5.90, - 2.63 mg/dL); the pooled reductions in LDL chol-
esterol ranged from -4.85mg/dL (95% CI. -6.57, -
3.13mg/dL) to —4.29 mg/dL (95% CI: - 6.04, — 2.54 mg/
dL); the pooled reductions in HDL cholesterol ranged
from 0.09 mg/dL (95% CI: -0.56, 0.75 mg/dL) to 0.37
mg/dL (95% CIL: - 0.26, 0.99 mg/dL); and the pooled re-
ductions in triglyceride ranged from - 4.50 mg/dL (95%
CL -9.61, 0.61 mg/dL) to - 2.49 mg/dL (95% CIL: —7.27,
2.30 mg/dL); removing a single trial did not hamper the
study significance.

Discussion

The present meta-analysis evaluated the association be-
tween green tea consumption and reduction in serum
lipid concentrations based on published results from 31
studies comprising 3216 subjects. The results suggest
that green tea supplementation significantly lowered
both serum TC and LDL cholesterol concentrations. In
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Study %
D WMD (95% Cl) Weight
Basu 2011 —_— : -2.32(-3.83,-0.81) 7.48
Bogdanski 2012 e 464(055873) 225
Brown 2009 —_— -1.44(-3.85,097) 478
Brown 2011 —_—— 0.00 (-2.15,2.15) 545
Chan 2006 —:—-0_ 269 (-1.40,6.78) 226
Chen 2016 —JI—-.— 190 (-1.13,493) 355
Diepvens 2006 & T -3.86(-9.21,1.49) 143
Frank 2009 - 1.54 (-4.98,8.06) 1.00
Fukino 2008 T -1.60 (-6.69, 3.49) 1.56
Hsu 2008 —_— 210(-1.54,574) 271
Hsu 2011 -+ : -0.76 (-6.07,455) 1.45
Huang 2018 —O—‘I— -1.90 (-5.99,2.19) 226
Kafeshani 2017 | —— 3.88 (0.42,7.34) 293
Liu 2014 JI—-O-— 260 (0.04,5.16) 443
Lu 2016 —_—— -0.40 (-3.28,2.48) 3.81
Maki 2009 —— -0.13(-1.20,0.94) 9.15
Maron 2003 —IL-O— 1.65(-1.24,454) 3.80
Mielgo-Ayuso 2014 : -+ 5.02 (-0.41,10.45) 1.39
Miyazaki 2013 —_— 0.80(-3.69,529) 193
Nagao 2007 —_— -1.16 (-2.87,0.55) 6.79
Princen-a 1998 —_— -2.32(6.87,223) 1.89
Princen-b 1998 —_— 0.00 (-3.54,3.54) 2383
Samavat 2016 —O—JI— -0.95(-3.72,1.82) 4.01
Sone 2011 ——— 1.54(-1.97,5.05) 2386
Suliburska 2012 - -+ 3.86 (-1.40,9.12)  1.47
Tadayon 2018 —_—— 0.40 (-3.53,4.33) 241
Venkatakrishnan 2018 - 0.28(-4.96,552) 148
Wu-a 2012 —_— 0.18(-1.81,2.17) 590
Wu -b 2012 —_— -0.15(-1.87,1.57) 6.75
Overall (l-squared = 34.8%, p = 0.035) 0.23 (-0.45,0.91) 100.00
]
NOTE: Weights are from random effects analysis _['
T I T
-10.4 0 10.4
Fig. 5 Meta-analysis of the effects of green tea on HDL cholesterol concentrations. Results from individual trials were pooled with the use of
random-effect models and are expressed as weighted mean differences with 95% Cls. HDL cholesterol: high-density lipoprotein cholesterol

addition, we demonstrated a trend toward decrease in
triglyceride concentrations, although it did not attain
significance, presumably because of the limited partici-
pants or duration for which the triglyceride concentra-
tions were reported; however, green tea did not
significantly affect the levels of HDL cholesterol. These
findings are generally in accordance with the results
from previous meta-analyses, which also identified a sig-
nificant correlation between green tea supplementation
and improvements in TC and LDL cholesterol concen-
tration [13].

Recent mechanistic studies have examined the effects
of green tea intake on lipid control and provide further
evidence for the biological plausibility of these findings.
In accordance with our results, several animal studies
have reported that green tea supplementation signifi-
cantly improved hyperlipidemia status in high-fat diet
induced rats, including lowering TC, LDL cholesterol,
and triglycerides [54]. Moreover, recent animal studies
have indicated that green tea catechins could signifi-
cantly inhibit atherosclerotic plaque formation, lower
liver fat accumulation, and increase HDL cholesterol in
hyperlipidemic rats induced by high-fat andhigh-

cholesterol diet [55]. The mechanism underlying the
beneficial effect of green tea on lipid control may be at-
tributed to the high concentration of green tea catechins,
which involve the following aspects:

(1) EGCG could attenuate the endothelial dysfunction
induced by oxidized-LDL via the Jagged-1/Notch signal-
ing pathway in human umbilical vein endothelial cells,
which provides a beneficial effect by inhibiting the ath-
erosclerotic plaque formation [56]. (2) Tea catechins are
powerful antioxidants that prevent LDL oxidation by in-
corporating themselves into LDL particles in nonconju-
gated forms in vitro [57]. (3) These are responsible for
LDL receptor binding activity upregulation in HepG2
cells in a dose-dependent manner by regulating the
SREBP-1 (sterol regulatory binding protein-1) pathway
[58]. (4) Green tea might also inhibit intestinal lipid ab-
sorption by interfering with micelle formation [59].

Observational studies have also indicated that green
tea intake is inversely related to a risk of CVD. A large,
11-year population-based study involving > 40,000
middle-aged individuals from Japan revealed that, com-
pared with non-tea drinkers, those with habitual green
tea intake (over two cups daily, approximately 7 oz/day
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_

Study %
D WMD (95% CI) Weight
Basu 2011 —_— 0.00 (-24.36,24.36)  2.79
Bogdanski 2012 —_— -33.66 (-51.76, -15.56) 3.88
Brown 2009 - 25.25(-5.46,55.96)  2.03
Brown 2011 —_— 7.98 (-10.73,26.69)  3.76
Chan 2006 — -4.43(-21.18,12.32) 417
Chen 2016 1 -24.60 (-47.97,-1.23) 294
Diepvens 2006 977 (-31.73,12.19)  3.16
Freese 1999 —_— 0.00 (-18.45, 18.45)  3.81
Fukino 2008 - 28.50 (-63.87, 120.87) 0.30
Hsu 2008 | f————e 24.00 (-1.40,49.40) 264
Hsu 2011 —_— 11.51 (-39.57, 62.59) 0.89
Huang 2018 — -230(-14.32,972) 531
Kafeshani 2017 — -0.88 (-15.26, 13.50) 4.72
Liu 2014 —_— -28.80 (-48.34,-9.26) 3.59
Lu 2016 —_— 6.40 (-24.42,11.62) 3.90
Maki 2009 —_— -20.24 (-37.67,-2.81) 4.02
Maron 2003 — -4.89 (-18.02,824)  5.03
Miyazaki 2013 —_— -20.40 (-45.71,4.91) 266
Nagao 2007 T—— 15.95 (-6.14,38.04) 3.14
Nagao 2009 —_——— -16.70 (-48.14, 14.74) 1.97
Princen-a 1998 —_—— 13.29 (-14.30, 40.88) 2.37
Princen-b 1998 _— -0.89 (-27.16,25.38) 253
Samavat 2016 -~ 5.91 (0.40, 11.42) 6.90
Sone 2011 —_— 2215(-9.34,5364) 1.96
Suliburska 2012 —_— -25.70 (-47.92,-3.48) 3.12
Tadayon 2018 —_— -22.00 (-44.96, 0.96)  3.00
Venkatakrishnan 2018 —_— 3.70 (-15.45,22.85)  3.67
Wu-a 2012 — -4.18(-13.69,533) 596
Wu -b 2012 — 7.50 (-261,1761) 581
Overall (-squared = 56.5%, p = 0.000) Lo -377(-890,1.37)  100.00
Y
NOTE: Weights are from random effects analysis |
T T
-121 0 121
Fig. 6 Meta-analysis of the effects of green tea on triglyceride concentrations. Results from individual trials were pooled with the use of random-
effect models and are expressed as weighted mean differences with 95% Cls

for 10 years) reduced their risk of death from CVD by
22-33% [7]. Randomized controlled trials have been per-
formed to determine the effect of green tea on choles-
terol concentration; however, the results are conflicting.
Some studies have revealed that green tea intake signifi-
cantly reduced the TC and LDL cholesterol [24, 53]. In
contrast, several other studies reported no positive cor-
relations between green tea intake and reduction in TC
and LDL cholesterol [23, 52]. In addition, most studies
suggested that no effect was seen for HDL cholesterol or
triglycerides [35, 39], whereas only a few studies sug-
gested a beneficial effect on HDL cholesterol or triglyc-
erides levels [24].

The weighted mean reductions in TC and LDL choles-
terol appearing due to green tea supplementation as ob-
served in the present study (TC: 4.66 mg/dL; LDL
cholesterol: 4.55 mg/dL), corresponding to reductions of
2-5%, might be important for primary prevention of
cardiovascular health. Studies have reported that a 1%
reduction in TC or LDL cholesterol was clinically associ-
ated with a 2—-3% or 1% decreased risk of CVD, respect-
ively [60]. Importantly, green tea intake did not
negatively affect the serum HDL cholesterol levels. Thus,

green tea supplementation mainly reduces the serum TC
and LDL cholesterol concentrations but has limited ef-
fect on HDL cholesterol.

In this meta-analysis, subgroup analyses suggest that
the beneficial effect of green tea was consistent in all the
subgroup analyses except for the crossover design sub-
groups; however, only three trials were included in the
crossover design, which were insufficient to make a sig-
nificant conclusion. In addition, the beneficial effect of
green tea intake on LDL cholesterol was also consist-
ently observed in most subgroup analyses except for the
caffeine subgroup. A significant reduction in LDL chol-
esterol was observed in the decaffeination subgroup in-
stead of the caffeine subgroup. As caffeine is naturally
present in green tea, whether caffeine intake affects lipid
reduction is another potential issue, which continues to
have conflicting opinions among previous studies [61, 62].
The meta-analysis indicated that green tea has no benefi-
cial effect on serum HDL cholesterol, a finding that was
consistent in all subgroup analyses. Green tea consump-
tion has a beneficial effect on triglyceride levels in subjects
with a longer duration of consumption (>12 weeks); how-
ever, the benefit was not significant in other subgroup
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analyses. Because the number of trials available for sub-
grouping was limited, such analyses should be interpreted
with caution. In addition, meta-regression found no sig-
nificant relations between net change in serum lipid and
intervention dose, treatment duration, caffeine content,
different ethnicity, intervention type and study design.
Larger and longer duration trials with optimally designed
treatments and controls are required in the future
research.

Our study has certain strengths. First, we only selected
RCTs in this meta-analysis, which ensured relatively
high-quality data and provided reliable inference about
causality. Second, the relatively large number of pooled
participants provided us higher statistical power to de-
tect a small treatment effect. Third, results were unlikely
to be influenced by publication bias. The results of

Egger’s regression tests suggested no significant asym-
metry of the funnel plot for the overall effect estimation
of mean differences in TC, LDL cholesterol, HDL chol-
esterol, and triglyceride levels.

Our analyses did have a few limitations. First, the stud-
ies had relatively short duration of follow-up, ranging
from 3 weeks to 12 months, with a median of 11 weeks,
so presumed health benefits cannot be extrapolated be-
yond the duration of these studies; however, long-term
effects are clinically important for lipid profiles and
other CVD risk factors. Second, although considerable
lowering of TC and LDL cholesterol by green tea intake
was observed in our study, we could not determine the
optimal dosage of green tea supplementation that would
have the greatest impact on improving lipid metabolism,
as the catechin dosage varied from 80 to 2488.7 mg/day
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(median: 630.9 mg/day). Third, our meta-analysis did
not recognize a safety margin in this study, however, in
some studies; concern has been raised as to the safety of
high-dose green tea catechin supplementation. Mild side
effects were reported in some clinical studies, including
gastric upset, mild skin rashes, and abdominal bloating
[26, 33]. In addition, green tea was known to be the
major dietary source of oxalate in some patients with
kidney oxalate stones [63]. Fourth, we identified large
variations in study designs, catechin dosage, ethnic
groups, green tea type, baseline health status, and trial
quality. Although we did not identify these variations as
statistically significant sources of heterogeneity, such
heterogeneity may limit the validity of the overall pooled
results. In addition, the articles included were all pub-
lished in English; limited resources prevented us from
including articles published in other languages.

Conclusions

In conclusion, the results of this study indicate that green
tea supplementation has a beneficial effect on TC and
LDL cholesterol levels in both normal weight subjects and
overweight/obese subjects; however, the protective role of
green tea against high triglyceride levels was not sup-
ported in this study. Additional large prospective cohort
studies are needed to provide a more definitive conclusion
on the association between routine consumption of green
tea and lipid metabolism.
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