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ABSTRACT

Introduction: Most studies of green tea extract (GTE) combined with physical activity have reported a preven-
tative effect for cardiovascular disease; however, the findings regarding the effects on serum lipids are controversial.
Objective: This meta-analysis aimed to examine the evidence of the effects of GTE combined with physical activity
on the serum lipid content in humans. Methods: In June 2017, we conducted electronic searches of PubMed, Web of
Science, and Cochrane Library to identify pertinent studies: those with an experiment period exceeding two weeks,
human randomized controlled trials (RCTs), and those that only assessed GTE with physical activity were included.
A random effects model meta-analysis was used in this review. Results: A total of 271 citations were retrieved in
our search of the electronic literature, and 7 RCTs, which included 608 individuals, were identified. Overall, there
was no significant decrease in low-density lipoprotein cholesterol (LDL-C) (SMD:-0.169; 95% confidence interval
[CI-0.414 to 0.076; 1’=22.7%; p=0.177) or total cholesterol (TC) levels between the GTE and placebo combined
with the physical activity group. Similar results were also observed for high density-lipoprotein cholesterol (HDL-C)
and triglycerides (TG). In the subgroup and sensitivity analyses of the five studies, the TC levels of the subjects
who received a lower dose of epigallocatechin gallate (EGCG) together with performing physical activity were
significantly decreased. Conclusion: Current evidence suggests that green tea combined with physical activity
does not improve the lipid and lipoprotein levels in humans. Level of evidence I; Systematic review.

Keywords: Green tea; Physical activity; Humans.

RESUMO

Introdugdo: A maioria dos estudos sobre extrato de chd verde (ECV) em combinacdo com atividade fisica relata efeito
preventivo em doencas cardiovasculares; entretanto, os achados sobre os efeitos sobre lipides séricos sGo controversos.
Objetivo: Esta metandlise tem como objetivo examinar as evidéncias dos efeitos do ECV em combinagdo com atividade
fisica sobre o teor de lipides séricos no ser humano. Métodos: Em junho de 2017, realizamos pesquisas eletrénicas nos bancos
de dados PubMed, Web of Science e Cochrane Library para identificar estudos pertinentes; foram incluidos os que tinham
periodo experimental superior a duas semanas, estudos clinicos randomizados (ECRs) e que avaliaram apenas ECV com
atividade fisica. Neste trabalho, empregamos o modelo de metandlise de efeitos aleatérios. Resultados: Um total de 271
citagdes foi recuperado em nossa busca, e sete ECRs foram identificados, totalizando 608 individuos incluidos. No geral,
ndo houve redugdo significativa nos niveis da lipoproteina de baixa densidade do colesterol (LDL-C) (DMP: -0,169; 95% de
intervalo de confianca [IC]:-0,414a 0,076;F = 22,7%; p =0,177) ou no colesterol total (CT) entre 0 ECV e placebo combinados
com o Grupo atividade fisica. Resultados semelhantes foram observados também para a lipoproteina de alta densidade
do colesterol (HDL-C) e para os triglicérides (TG). No subgrupo e nas andlises de sensibilidade de cinco estudos, os niveis de
CT dos individuos que receberam dose mais baixa de epigalocatequina-3-galato (EGCG) em combinagdo com atividade
fisica foram significativamente reduzidos. Conclusdo: A evidéncia atual sugere que o chd verde em combinagdo com ati-
vidade fisica ndo melhora os niveis de lipides e lipoproteinas no ser humano. Nivel de Evidéncia I; Revisdo sistemadtica.

Descritores: Chd verde; Exercicio fisico; Humanos.

RESUMEN

Introduccion: La mayoria de los estudios sobre extracto de té verde (ETV) en combinacidn con actividad fisica
relata efecto preventivo en enfermedades cardiovasculares; entretanto, los hallazgos sobre los efectos sobre lipidos
séricos son controvertidos. Objetivo: Este metaandlisis tiene como objetivo examinar las evidencias de los efectos del
ETVen combinacién con actividad fisica sobre el tenor de lipidos séricos en el ser humano. Métodos: En junio de 2017,
realizamos busquedas electrénicas en los bancos de datos PubMed, Web of Sciencey Cochrane Library para identificar
estudios pertinentes; fueron incluidos los que tenian periodo experimental superior a dos semanas, estudios clinicos
aleatorizados (ECAs) y que evaluaron sélo ETV con actividad fisica. En este trabajo, empleamos el modelo de metaa-
ndlisis de efectos aleatorios. Resultados: Un total de 271 citaciones fue recuperado en nuestra blsqueda, y siete ECAs
fueron identificados, totalizando 608 individuos incluidos. En general, no hubo reduccion significativa en los niveles de
la lipoproteina de baja densidad del colesterol (LDL-C) (DPE:-0,169; 95% de intervalo de confianza [IC]:-0,414.a 0,076;
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12=22,7%; p=0,177) 0 en el colesterol total (CT) entre el ETV y placebo combinados con el Grupo actividad fisica.
Fueron observados resultados semejantes también para la lipoproteina de alta densidad del colesterol (HDL-C) y para
los triglicéridos (TG). En el subgrupo y en los andlisis de sensibilidad de cinco estudios, los niveles de CT de los individuos
que recibieron dosis mds baja de epigalocatequina-3-galato (EGCG) en combinacién con actividad fisica fueron
significativamente reducidos. Conclusion: La evidencia actual sugiere que el té verde en combinacion con actividad
fisica no mejora los niveles de lipidos y lipoproteinas en el ser humano. Nivel de Evidencia I; Revisién sistemadtica.

Descriptores: Té verde; Ejercicio fisico; Humanos.

DOI: http://dx.doi.org/10.1590/1517-869220202605212295

INTRODUCTION

Green tea (Camellia sinensis), which contains several kinds of polyphe-
nol, is one of the most popular beverages in the world. These polyphenols
are classified into pyrogallol-type and non-pyrogallol-type catechins.
Previous studies have reported four major catechins in green tea, (both
pyrogalloland non-pyrogallol-typecatechins): epigallocatechin-3-gallate
(EGCG), epigallocatechin (EGC), epicatechingallate (ECG), and epicatechin
(EC)."3 EGCG is the most pharmacologically active of these catechins.*
Study have shown that tea catechins can be used to help prevent
various types of disease, describing their anti-bacterial, anti-obesity,
anti-diabetic, and anti-cancer effects.> The preventing of CVD is a major,
important effect of GTE and can be largely attributed to EGCG, the major
the most pharmacologically active component of tea catechins.® Several
mechanisms through which green tea extract can reduce the risk of CVD
have been suggested. One of the main mechanisms is the antioxidant
effects, which prevent oxidative modification to LDL-C, which is an
important step in the progression of atherosclerosis.” A meta-analysis
reported that the intake of GTE improved the lipid profile in humans,
especially for LDL-C and TC8 Cardiovascular disease (CVD) alone accounts
for 48% of Non-communicable diseases, which leading cause of death
worldwide, and is expected to affect more than 23.6 million people by
2030.° CVD not only harms individuals but also places a heavy economic
burden on governments around the world.'® The major risk factors for
CVD include smoking, overall alcohol consumption, dietary cholesterol,
hypertension, and diabetes mellitus." Thus, controlling the risk factors
for CVD is important for reducing its incidence. As a well-established
risk factor of CVD, LDL-C has been key target in the treatment, control
and prevention of CVD. In addition, lower levels of HDL-C, and higher
levels of TC and TG have been associated with an increased risk of CVD.'?

The European guidelines for the prevention of CVD suggest that
nutrition supplementation and physical activity might be useful for pre-
venting CVD and modifying an unhealthy lifestyle.”” It is widely accepted
that physical activity not only helps maintain or promote one’s physical
fitness but also reduces weight'® and improves type 2 diabetes mellitus, '
and cognition and health defects due to an unhealthy lifestyle across age
groups.’® Physical activity also improves the serum lipid profile through
mechanisms that increase the lipoprotein lipase activity in skeletal muscle,
elevate HDL-C levels, and enhance the transport of plasma lipids and
lipoproteins from the peripheral circulation and tissues to the liver.'® Nu-
merous studies have shown that physical activity increases HDL-C levels
and reduces the TG levels in adults, and the risk of CVD is reduced linearly
with increased activity."”'® In addition, aerobic exercise increases the HDL-C
content, while exercise reduces the LDL-C and postprandial TG levels, with
a particularly significant effect on the HDL-C content.!” However, exercise
in combination with green tea has shown a controversial result on the
lipid and lipoprotein content. Although many systematic reviews and/or
meta-analyses have summarized the effects of the consumption green
tea on CVD and the total mortality, blood pressure, and lipid profile, there
have no meta-analyses to assess the effects of GTE combined with physical
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activity on the serum lipid content. Thus, the aim of this meta-analysis was
to compile evidence on the effects of physical activity combined with GTE
on the serum lipids and lipoprotein content in humans.

METHODS

Search strategy

This review adhered to the Preferred Reporting Items for Systematic Revie-
ws and Meta-Analyses (PRISMA) guideline, 2009. Three electronic databases(Pu-
bMed, Web of Science, and the Cochrane Library) were searched for articles
written in English and published before June 2017, using the following combi-
nations of text and medical subjects heading[MeSH] terms:“green tea extract”
or‘catechin”or"tea polyphenols”or"EGCG"or“Camellia sinesis"and “physical acti-
vity"orexercise”or"walking"or“training"or“strength training"or‘aerobic exerci-
se”or'isometric exercises’;and“serum lipids'(“lipoproteins”or“high density lipo-
protein cholesterol"or"HDL-C"or“low density lipoprotein cholesterol"or"LDL-C
"or"total cholesterol”or"TC"or "triglyceride”or “TG"). Two reviewers indepen-
dently searched the studies.

Eligibility criteria

We included randomized controlled trials (RCTs) investigating the
effect of physical activity combined with GTE on the lipid profiles pa-
rameters (HDL-C, LDL-C, TG, and TC) in participants of both sexes. The
inclusion criteria were as follows: studies should involve (1) physical
activity combined with GTE ingestion; (2) randomized control trials; and
(3) human research. The exclusion criteria were as follows: the trial (1)
involved transient testing; (2) did not report at least one of HDL, LDL,
TG, or TC; (3) had a study period of less than two weeks; (4) included
other nutritional supplements combined with GTE.

Data extraction

Two researchers extracted all relevant data independently. One author
extracted the following data from the eligible articles: first author and
publication year, study design, intervention duration, participant (men
and women), dose of GTE, intervention characteristics, control group
characteristics, exercise (volume and intensity), and outcomes of HDL-C,
LDL-C, TG and TC (mean standard deviation).

Quality assessment

The quality of the studies was assessed using the Cochrane Risk of
Bias Tool. The criteria included random allocation, blinding of supplement,
outcome assessors and individuals, allocation concealment, use of an
intention-to-treat analysis, and other biases. Two researchers assessed
the studies, separately. If any differences in their findings were noted,
conflict was resolved by discussion.

Statistical analyses

We estimated the relationship between the GTE combined with phy-
sical activity group and the control group based on the data presented as
the standardized mean difference (SMD). Mean changes in the LDL-C, TC,
HDL-C and TG were used to first assess the differences between the trial
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and control groups. Due to the different units of measurement used in
study, we converted all measures of mg/dl to mmol/L. We therefore used
arandom-effects model meta-analysis. Subgroup analyses (based the daily
dosages of EGCG [< 150mg or >150mg] in trials, and based on the exercise
intensity in studies)® were performed. IPwas used to assess heterogeneity
between studies,and I? values of <25%, 25%-75%, and >75% were considered
toindicate low moderate, and high heterogeneity, respectively. Egger's test
was used to assess the publication bias (P<0.1 was considered to indicate
significant publication bias). Statistical analyses were performed using the
STATA version 15.0 software program (Stata Corporation, College Station, TX,
USA). P values of <0.05 were considered to indicate statistical significance.

RESULTS

The results of our electronic literature search and the study se-
lection process are shown in Figure 1. We searched 271 articles and

identified 31 potentially eligible trials. We included 7 of the RTC
trials?'?’ that enrolled a total of 608 participants in the meta-analy-
sis. All of the studies had a randomized design: four had a double-
-blind randomized design, one had a single-blind design, and two
simply had a randomized design. Physical activity included aerobic
exercise, and resistance training combined with aerobic exercise.
Two studies used an activity level assessment. One study did not
report the main component of GTE, and one used decaffeinated
GTE. The participants in all of the RCTs were different, they included
healthy subjects (two studies), obese subjects (two studies), over-
weight breast cancer survivors (one studies), subjects with metabolic
syndrome (one studies), and subjects with hypercholesterolemia
(one studies). The characteristics of the patients that were evaluated in
the meta-analysis are listed in Table 1. The risk of bias in the included
studies is summarized in appendix figures.

Records excluded through abstract (176)

Full-text articles screened, according to the

inclusion and exclusion criterion (24)

c
o
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Figure 1. Flow diagram showing the literature search and selection process.

Table 1. Basic characteristic of included 7 trials.

Reference | Year | study design |Duration P (N) age(year) GTE(mg) Placebo (mg) [ Density- exercise health condition Lipids
: 300mg/d 70% moderate ' .
Be\car%G 2013 randomllzed, 24 W male'and 4l\7A6i5.5 EGCG>13% Cellulose aerobic: 30% borderline metabolic| TG {
etal. single-blinded female; 100N | C:45.3+3.5 ; . syndrome HOLT
Ps:19%-25%; muscular strength
Rostamian aerobic exercise sedentary TG 1
51| 2017 | Randomized 2W | female; 24N 50-58 GTE: 1200 Cellulose 4 times/week; postmenopausal LDLY
M et al. - )
40-50min/session women HOLT
randomized TCs: 583 Cs: 42.8
Nagao T e male and : CG:40.1 GC: 1275 Cs: 100 daily visceral fat-
et al? 2007 | double-blind, | 12W female; 270N 2555 GCG: 1397 EG: 694 Caffeine: 75 | activityassessment type obesity LDLY
parallel EGCG: 1003
TCs: 6309 Cs: 30
Miyazaki double-blind, male and CG: 248 GC:125.7 TCs: 88.7 ) TC1l
Retalz | 2913 | placebo AW female; 52N | 9%1%99 | GCG1126 G458 | Caffeine: 824 walking older people LDL!
EGCG: 1432
Gahreman . GTE: 750 Ps: 562.5 Interval spring )
D et al’s 2016 | Randomized 2w male 48N | 26.1+0.7 £GCG: 375 None exercise 3times/week overweight men none
Stendell-Hollis randomized, ) 56.648.1 Cs: 23564 activity level overweight breast
NR et al.# 2010 double-blind 24W | female; 54N C57.8485 EGCG: 128.84 herbal tea assessment cancer survivors HDLT
" ) TG 1
KajimotoOet e male and TCs:197.4 EGCG: 67.5 ) . hypercholesterolemia
N 2003 | double-blind 12W female;60N 47.4£10 ECC: 25 GCG825 Cyclodextrin walking patients HDLETLTlcl

TCs =total catechins; Cs =catechin; Ps = polyphenols; C =control; W =weeks; P =participants; N =numbers; GCG=Gallocatechin-3-O-Gallate; CG =Catechin-3-O-Gallate; GC = Gallocatechin.
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Effects of GTE on LDL-C and TC

Three RCT studies reported that GTE combined with physical activity
increased the level of LDL-C, and one showed significant effects in the
GTE group in comparison to the placebo group. A meta-analysis of 6
trials (Figure 2) failed to show a significant decrease in the LDL-C level
in the GTE group in comparison to the placebo group (SMD:-0.169; 95%
confidenceinterval [Cl]:-0.414 to 0.076; 1°=22.7%; p=0.177). A subgroup
analysis revealed no significant differences in the LDL-C values between
the subjects who received higher and lower doses of EGCG. A similar
relationship was observed in the physical activity subgroup analysis.
However, the heterogeneity in the higher-dose EGCG group wasl’=61.9%
(p=0.105). Because only two studies were included, we were unable to
perform a sensitivity analysis. According to Egger’s test, there was no
publication bias (p=0.895).

Two trials reported a significant decrease in TC after intervention
in the GTE plus physical activity group, while one showed a significant
reduction in the placebo group. The results of a meta-analysis of all of
the included studies showed that GTE combined with physical activity
was not associated with the serum value of TC (SMD:-0.219; 95%Cl:-
0.533 10 0.094; 1°’=48.1%; p=0.170)._ According to Egger’s test, there was
no publication bias (p=0.239).We divided the studies into subgroups
for an analysis, and found non-significant decreases in the lower- and
higher-dose GTE groups in comparison to the placebo group, with the
same results obtained in the physical activity subgroups. Due to the
higher heterogeneity in the subgroup analysis, we performed a sensitivity
analysis by removing each study from the meta-analysis (SMD:-0.436;
95%Cl:-0.770 to -0.102; 12=0%; p=0.01) (Figure 3), significant decreases
were noted in the lower-dose EGCG group and in the daily activity group
(SMD:=-0.594; 95%Cl:-1.012 to -0.177; 12=0%; p=0.005).

Effects of GTE on HDL-C and TG

Seven trials were included in the meta-analysis. The trials reported
significant changes in the HDL-C levels of the GTE group after intervention;

only one reported a significant increase in the GTE and placebo groups.
However, our meta-analysis found no significant increase in the HDL-C
level in the GTE combined with physical activity group in comparison to
the placebo group (SMD:-0.089; 95%Cl: -0.384 to 0.205; 1°=55.6%; p=0.552).
According to Egger’s test, there was no publication bias (p=0.16). A sub-
group analysis revealed that higher-dose GTE was associated with a signi-
ficant decrease in the HDL-C level in comparison to placebo (SMD:-0.743;
959%Cl--1.331 t0-0.154; 1’=0%; p=0.013).A subgroup and sensitivity analysis
failed to show significant differences in the HDL-C level between the plan
and daily groups (SMD:-0.177; 95% Cl:-0.448 to 0.095; I°’=33.3%; p=0.202).

Three trials reported a significant decrease in TG after intervention
in the GTE group, while two showed a significant decrease with the
GTE group and placebo group. Our meta-analysis found no significant
decrease in the TG level in the GTE combined with physical activity group
in comparison to the placebo group (SMD: 0.074; 95 % Cl:-0.168 t0 0.316;
1’=36.8%; p=0.547). According to Egger’s test, there was no publication bias
(p=0.593). A subgroup analysis revealed that the TG level of subjects who
received higher-dose GTE was not significantly decreased in comparison to
placebo nor was any significant difference in the TG level noted between
the exercise plan group and the daily activity group. We did not performa
sensitivity analysis, even though the subgroup analysis showed hetero-
geneity in the higher-dose EGCG group, because only two trials included
a higher dose of GTE.A subgroup and sensitivity analysis failed to show
a significant difference in the TG level between exercise group and daily
activity groups (SMD: 0.044; 95 % CI: -0.378 to 0.466; ’=47.3%; p=0.838).

DISCUSSION

A total of seven RCTs were included in this meta-analysis, which
found no significant differences in the serum HDL-C, LDL-C, and TG
levels between the GTE combined with physical activity and the placebo
groups. However, subgroup and sensitivity analyses revealed that the
TC level was significant decreased in the lower-dose EGCG subgroup.
The findings of the present meta-analysis contradict those of a previous
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Figure 2. Results of evaluating the effect of GTE combined with exercise on LDL-C (mmol/L). Sizes of data markers indicate the weight of each study in the analysis.
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Figure 3. Results of subgroup and sensitivity analysis from difference dose EGCG evaluating the effect of GTE combined with exercise on TC (mmol/L). Sizes of data markers
indicate the weight of each study in the analysis. (Lower subgroup = lower dose EGCG; Higher subgroup = higher dose EGCG).

meta-analysis, which revealed the beneficial effects of GTE on the lipid
and lipoprotein profile.8 In contrast to the previous review, our meta-a-
nalysis also assessed the effects of physical activity on the serum lipids.
The studies evaluated here would have been different; thus, there might
have been discrepancies between these reviews regarding the findings
concerning the beneficial effects of GTE on the lipid and lipoprotein
profile.? However, we did note some similarities in the lipid profiles of
the subjects of our review and the subjects of the previous meta-analysis.

Protecting human LDL against oxidative attack is an important
action of tea polyphenols; however, the mechanisms through which
LDL oxidation is inhibited are unclear*GTE affects the human body via
two major mechanisms: (1) tea polyphenols decrease the digestion
and absorption of macronutrients in the gastrointestinal tract; and (2)
tea polyphenols inhibit the anabolism and stimulate the catabolism of
skeletal muscle, liver, and adipose tissues.*® Studies have revealed that
CVD s associated with oxidative stress induced lipid damage. Tea poly-
phenols therefore reduce this damage and enhance the endogenous
defense system.3" However, we found no significant decrease in the
LDL-C and TC levels in our review. Although the previous meta-analysis
found that GTE did indeed reduce these levels3? In comparison to the
previous study, we considered physical activity as an important factor
in our review. Increasing physical activity is effective for preventing CVD.
However, in the present study, the combination of physical activity and
GTE showed no significant effect. Of note, while we found no significant
decrease in the LDL-C levels of the subjects in our meta-analysis. We
did find a significant decrease in the TC levels in a sensitivity analysis. A
study of tea polyphenols showed that EGCG, EGC, ECG, and EC are the
main of tea catechins, along with their gallate esters (gallocatechingal-
late, gallocatechin, catechingallate, and catechin). A systematic review
reported that the dose of EGCG in most studies exceeded 200 mg. An
observational study review found that people who drank 1-3 cups of
green tea enjoyed a reduced risk of CVD, and that an increase in green
tea consumption by 3 cups daily was associated with a reduced risk
of cardiac death.3* Koutelidakis et al. showed that a lower dose of tea
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catechins failed to improve the levels of LDL-C and TC2#In comparison to
those previous studies, the studies included in the present meta-analysis
might have involved a lower dose of EGCG; indeed, the lowest dose of
EGCG was39mg, and the highest was375mg. This may explain the lack
of any significant findings in our review.

Because of the limited number of studies available, we included
all of the eligible human studies regardless of the subjects’health. This
resulted in the inclusion of patients with metabolic syndrome, obese
subjects, and breast cancer survivors in our review. The LDL-C levels va-
ried markedly among our populations, which featured postmenopausal
women, patients with hypercholesterolemia, and older subjects. The
cholesterol concentrations also varied according to age and body mass
index, which might be why our review revealed no significant finding.®
Two RCT studies by Samavat et al.36 and Wu et al3” showing that green
tea catechins were able to reduce the level of LDL-C in postmenopausal
women (high-dose EGCG[400-843mg/day]). This might have been a
major confounding factor in our meta-analysis.

While several meta-analyses have reported significant improvement
in the lipid and lipoprotein content with physical activity,® few studies
have shown significant changes in the TC and LDL-C levels specifically.*!
Furthermore, these beneficial effects were typically noted in studies
including diet intervention or obese participants.*® A previous meta-
-analysis also reported non-significant decreases in the TC and LDL-C
levels, although major cardio-protective improvements in the LDL-C
subfractions may have occurred.® In our review, the sensitivity analysis
revealed that the TC level was significantly decreased in association with
daily activity. This may be due to the methods in studies thatused physical
activity combined with GTE. Studies have shown that many confounding
factors can influence the effects of interventions targeting TC and LDL-C,
including body characteristics, energy expenditure, food supplements,
health status, and lifestyle. Consequently, the results obtained in our
analysis might be because the eligible studies all included population
with differences in health status, age, and degree of physical activity.
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Aerobic exercise has been shown able to improve the TG and HDL-C
levels, although a less-marked response is observed for LDL-C and TC#*43
However, we found no significant differences in the HDL-C and TG levels
between the GTE combined with physical activity, and exercise subgroups
and the daily activity group. A meta-analysis reported that a large amount
of high-intensity exercise exerted a beneficial effect on the HDL-Cand TG
levels(including high-amount and high intensity, low-amount and high
intensity or low-amount and moderate intensity exercise).* Furthermore,
Kodama et al.* reported that regular aerobic exercise increased the HDL-C
levels, with greater improvement seen with a longer duration of exercise. In
our included studies, more than half articles used regular exercise. However,
three of the RCTs in our meta-analysis included overweight or obese sub-
jects, and caloric restriction was not reported. A previous study reported
that regular exercise has beneficial effects on the lipoprotein profile, and
that a higher amount of exercise has a much greater beneficial effect on
the serum lipid content than alower amount of exercise*® In addition, there
was difference health statuses of the individuals included in our review.
This may explain why we failed to observe a significant improvement in
the TG and HDL-C levels in the exercise subgroups. Exercise also reduces
the TG levels and increases the HDL-C level. However, there no significant
differences were noted in the TG levels of the exercise subgroup in our
review. Endurance exercise and acute exercise studies have shown that
aerobic exercise combined with resistance training was effective in redu-
cing the TG level 7“8 A study of the effects of the amount and intensity
of exercise on the plasma lipoprotein levels reported that the TG level
was significantly changed, in response to high-amount-high-intensity,
low-amount-high-intensity, and low-amount-moderate-intensity exercise.
In contrast, although a trend toward a reduction in the TG level was found,
exercise combined with GTE had no significant effect on the TG level.

Afew studies have reported significant effects of GTE on the levels of
HDL-C and TG, Vinson* showed that GTE was able to increase the HDL-C
level in normal and high-cholesterol-diet hamsters. Guo et al. further
confirmed that GTE improved the HDL-C and TG levels in high-choleste-
rol-diet mice.** However, meta-analyses of 7 trials failed to show significant
effect on the HDL or TG. A systematic meta-analysis showed that green
tea had no significant differences in the HDL-C and TG levels in humans.??
Similarly, another study reported that GTE for 3 weeks had no effects on
serum lipid markers, such as HDL-C and TG Our study also showed no

significant changes in the HDL-C and TG levels following GTE treatment,
and in subgroup and sensitivity analysis. Furthermore, Bogdanski et al.>?
and Hsu et al.*® showed that a higher dose of GTE increased the levels of
HDL-C and TG in their RCTs. Few studies have confirmed the beneficial
effects of GTE on HDL-C and TG. More animals and/or human studies
are needed to evaluate the relationship between with the GTE or GTE in
combination with physical activity and HDL-C and/or TG.

Strengths and limitations

In comparison to the previous meta-analysis, the strength of this
review is mainly that this is the first systematic review and meta-analysis
focusing on the effects of GTE combined with physical activity on the lipid
and lipoprotein content in humans. Furthermore, our findings contradict
the results of the effects of GTE that were reported in previous reviews.
However, there are several limitations that should be acknowledged.
First, the eligible studies included data on GTE and physical activity
from only a few RCTs, which restricted the accurate assessment of the
type-response relationship between GTE combined with physical activity
and the serum lipid content in humans. Second, due to the limitations
of the included studies, we were unable to restrict the characteristics of
the subjects enrolled. This represents an important confounding factor
that affected the results or meta-analysis. Third, only one study reported
the energy expenditure of its subjects. Thus we cannot evaluate the
intensity of exercise, which is known to be associated with the degree
of improvement in the serum lipid level. Finally, a few studies only used
a pedometer to assess physical activity, and they did not report the
detailed results of the daily activity of their subjects. These limitations
might have undercut the strengths of this review.

CONCLUSION

The findings from previous studies collectively suggest that GTE
combined with physical activity does not seem to be associated with the
lipids and lipoprotein content of humans. However, due to the limited
number of eligible studies, we could not obtain a clear result. These
complexissues should be explored in better designed RCTs in the future.
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