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Abstract—Obesity is the growing health disorder globally and
lifestyle changes are at the heart of this problem. It has been found
that green tea market is increasing. One of the supposedly many
effects of green tea is the weight loss. There is vast literature
available related to this subject. The purpose of this study was to
elucidate by meta-analysis whether green tea has an effect on body
weight. PubMed search was done for the term - Green tea and later
limited by English-language, human studies published in last decade
and available as full text. Out of the 704 initially retrieved articles 11
were included in the present meta-analysis after considering the
exclusion and inclusion criteria of the study. The pooled results of all
the studies with the random effect model is -1.26 [-1.87 to -0.65]. It is
imperative by this meta-analysis that green tea consumption leads to
weight loss. However the substantial heterogeneity (12 = 81.71%)
among the studies warranties larger studies for confirmation and
validation of the effect of green tea on weight of an individual.
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1. INTRODUCTION

Obesity is a growing health issue worldwide. According to
world health organization (WHO) report updated in January
2015 (a) prevalence of obesity has more than doubled since
1980 (b) 600 million adults are obese and 39% are overweight
as per the 2014 statistics (c) obesity is also prevalent in
children under age 5, according to 2013 statistics it accounts to
42 million [1].

Specifically in India there is a growing prevalence of obesity.
India is third most obese country in the world, just behind US
and China [2]. India is a developing country with 270 million
people under poverty line. In such a scenario the rise in
obesity and obesity related disorders focuses on the increasing
effect of Lifestyle changes specifically eating habits i.e. more
consumption of junk food [3].

The solution to this problem is to have healthy lifestyle
speaking of which opens a lot of doors from exercise to food.
India is the world’s largest Tea-drinking nation and there is an
emerging trend of drinking green tea is observed specifically
for the reasons of weight loss [4]. There is increase in the
demand of green tea in Indian market [5].

Asians have been aware of health benefits of green tea for
over a century [6] and for almost 24 years now, it is has been
considered as enhancer of energy expenditure and fat
oxidation and thereby inducing weight loss (WL) [7,8]. The
polyphenols in green tea such as EpiGalloCatechin Gallate
(EGCG) stimulates energy expenditure because it has
thermogenic effect as proven by a couple of short-term studies
showing significant increase in energy expenditure and fat
oxidation [9, 10]. Later on the longer term studies were
published on the effect from an EGCG—caffeine mixture on
WL.

Hence a lot of literature is generated in context to green tea
and weight loss. Therefore this study aimed to find out
whether green tea has effect on body weight through meta-
analysis of the available literature.

2. METHODOLOGY

2.1 ldentification of Relevant Studies

PubMed was searched for the term — Green tea.

The search was limited to English language and human
studies. All the studies available as free full text articles for
the past decade.

2.2 Inclusion and exclusion criteria

A study was included in the review if (a) the study participants
were randomly assigned to conditions, (b) the results allowed
a direct comparison of the effects of green tea consumption
(either dosage versus placebo or high dosage versus low
dosage) on either WL or WM, and (c) the study lasted at least
for 8 weeks. Green tea is served as either regular tea or as
capsules.

An important exclusion criterion was the use of any tea other
than an EGCG—caffeine mixture (such as oolong tea).

2.3 Data extraction

We extracted data for various parameters from the original
articles using a standardized data extraction form. Wherein the
study’s author(s), year of publication, the duration of the
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treatment phase (weeks), the age range, average body weight
and gender of the participants in the study was recorded. We
also recorded the number of participants and the dosage of
green tea administered (mg/day).

For each condition, we calculated or extracted the mean
weight change (kg) between the post-treatment and the
baseline assessment. For studies which mentioned WL and/or
WM the baseline corresponded to the time immediately before
starting of WL phase and /or WM phase respectively. The
post-treatment mean was recorded just after the intervention
ends. Irrespective of the study design, negative values for the
mean change, indicate WL, a value of zero indicates no
change, and positive values indicate an increase in the body
weight on average. The effect size measure for the
Metaanalysis was therefore difference between values of the
mean change for the treatment minus the mean change value
for the control group.

2.4 Statistical Analysis

The results are represented as weighted mean of the body
weights (kg) of the study participants. The Meta-Analysis is
performed using Exploratory Software for Confidence
Intervals, ESCI software. The effect size estimates were
aggregated based on a random effects model to estimate the
amount of heterogeneity in the effect sizes. We report the
estimated average effect (u), the estimated amount of
heterogeneity (1), and the estimated percentage of the total
amount of variability that can be attributed to heterogeneity
(I%). Corresponding 95% confidence intervals are given for all
of these statistics.

3. RESULTS

Initially 48 potentially relevant articles were retrieved.

These articles where then assessed on the basis of titles and
abstract thereby excluding in vitro studies, unrelated studies,
biochemical and molecular biology based studies..
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Figure 1: Selection procedure of the articles included in the systematic review (Meta-Analysis).

Further review articles which didn’t contribute any additional
data were excluded. Also articles having any of the following

insufficiencies: 1) animal studies 2) full text in language other
than English 3) insufficient data; were excluded. The relevant
data from two studies was requested from the corresponding
authors through e-mail but could not be procured. Hence these
two studies could not be included in this review. None of these
studies were excluded due to lack of blinding. After this
rigorous screening, 10 articles are included in this review [13-
22]. Fig. 1 summarizes the selection procedure of these
articles.

More than one effect size could be calculate from two studies.
Hursel et al. [14] provided two effect sizes corresponding to
two sub-groups viz. adequate protein (AP) diet and high-
protein (HP) diet under green tea-caffeine mixture
consumption and placebo groups in WL and later WM. Also
Wang et al. [15] study group provided three effect size
estimates as a result of three treatment groups wherein
participants received increasing order of dosage as a result of
different number of servings. Therefore a total of 13 effect
size estimates could be extracted from the 9 studies. Fig. 2
shows a forest plot of the individual effect size estimates with
corresponding study weightings and 95% confidence intervals.

The random-effects model indicated a modest, but significant
positive effect of catechins on WL (n = -1.26, 95% CI: -1.87
to -0.65; p = 0.01). Therefore, it is estimated that subjects in
the treatment groups lost on average 1.26 kg more weight (or
gained on average 1.26 kg less weight) than people in the
control groups [Fig. 2].
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Figure 2: Forest Plot of the Meta-Analysis

Removal of any individual study from the meta-analysis did
not alter this conclusion. However, the results were clearly
heterogeneous (I* = 99.53%, p= 0.01; t = 1.061 kg, 95% CI:
0.98, 1.15).

4. DISCUSSION

This meta-analysis shows green tea consumption has a
negative impact of body weight of an individual even when
consumed as an EGCG-caffeine mixture. Also the results
show that difference in dosage of catechins in the EGCG—
caffeine mixture among treatment and control groups had no
effect on overall effect size estimates of this meta-analysis.
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This result is in line with study by Berube-Parent et al. [10]
wherein different mixtures of EGCG and caffeine with a
different dosage of catechins were examined. The results from
that study showed that all mixtures increased 24-h energy
expenditure and that the increase was similar for all doses of
EGCG in the mixtures, which was also found in the study
from Wang et al. [15].

It is important to note all the studies included in this particular
meta-analysis had comparable designs: in the WL studies [13—
22] participants immediately started to consume an EGCG—
caffeine mixture for 8-12 weeks following randomization. All
studies had test period for at least 12-13 weeks except for
Tsuchida T et al. [21] that had a test period of 8 weeks. Two
WM studies [14, 20] had participants with first weight loss
phase for 4 weeks using a very low energy diet, followed by
randomization and then an EGCG-caffeine mixture
supplementation phase for either 12 or 13 weeks. One study
[16] randomly assigned subjects to three different dosage
conditions as compared to controls. All the studies had true
placebo group except one [22] made the comparison between
two groups of low and high dosage of catechins.

However there was significant heterogeneity observed in this
meta-analysis. Therefore there was a need to look up for
factors influencing meta-analytical heterogeneity. Two factors
were highlighted from the data provided in the research
articles included in this review which are ethnicity and
habitual caffeine intake. It is noted that Asian studies had a
low caffeine intake and while almost all Caucasian studies had
a high caffeine intake. Although caffeine intake was not a
significant moderator alone but when examined together in a
model including ethnicity it was found have an impact. If
more studies with both ethnicities with different amounts of
caffeine intake are conducted and then a similar meta-analysis
would provide a clearer picture of the effectiveness of these
moderators.

5. CONCLUSION

Taken together, this meta-analysis has shown that EGCG—
caffeine mixtures have a positive effect on WL and on WM.
Moreover, it also shows that habitual caffeine intake and
ethnicity may be moderators, whereas different doses of
catechins do not have a significantly different effect.

6. ACKNOWLEDGEMENTS

Medical Research Society of Sir H N Reliance Foundation
Hospital and Research Centre for providing necessary
infrastructure for this review writing.

REFERENCES
[1] "Obesity and Overweight." WHO. N.p., Jan. 2015. Web. 30 May
2015.

[2] Ng, Marie et al. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980—
2013: a systematic analysis for the Global Burden of Disease
Study 2013. The Lancet , Volume 384 , Issue 9945 , 766 - 781

[3] "India the Third Most Obese Country in the World.” Mail Today,
News. N.p., n.d. Web. 27 May 2015.

[4] Jane Pettigrew, The Tea Companion, Running Press, 2004.

[5] "Green Tea Market to Touch Rs 400 Crore in FY'l5: Tata
Global." Timesofindia-economictimes. N.p., n.d. Web. 27 May
2015.

[6] Shixian Q, VanCrey B, Shi J, Kakuda Y, Jiang Y. Green tea
extract thermogenesis-induced weight loss by epigallocatechin
gallate inhibition of catechol-O-methyltransferase. J] Med Food
2006; 9: 451-458.

[7] Westerterp-Plantenga M, Diepvens K, Joosen AM, Berube-
Parent S, Tremblay A. Metabolic effects of spices, teas, and
caffeine. Physiol Behav 2006; 89: 85-91.

[8] Diepvens K, Westerterp KR, Westerterp-Plantenga MS. Obesity
and thermogenesis related to the consumption of caffeine,
ephedrine, capsaicin, and green tea. Am J Physiol Regul Integr
Comp Physiol 2007; 292: R77-R85

[9] Dulloo AG, Duret C, Rohrer D, Girardier L, Mensi N, Fathi M
et al. Efficacy of a green tea extract rich in catechin polyphenols
and caffeine in increasing 24-h energy expenditure and fat
oxidation in humans. Am J Clin Nutr 1999; 70: 1040-1045.

[10] Berube-Parent S, Pelletier C, Dore J, Tremblay A. Effects of
encapsulated green tea and Guarana extracts containing a
mixture of epigallocatechin-3-gallate and caffeine on 24 h
energy expenditure and fat oxidation in men. Br J Nutr 2005; 94:
432-436.

[11] Maki, K. C., M. S. Reeves, M. Farmer, K. Yasunaga, N. Matsuo,
Y. Katsuragi, M. Komikado, I. Tokimitsu, D. Wilder, F. Jones, J.
B. Blumberg, and Y. Cartwright. Green Tea Catechin
Consumption Enhances Exercise-Induced Abdominal Fat Loss
in Overweight and Obese Adults. J Nutr. 2009 Feb; 139(2):264-
70.

[12] Brown, A. Louise, Joan Lane, Jacqueline Coverly, Janice Stocks,
Sarah Jackson, Alison Stephen, Les Bluck, Andy Coward, and
Hilde Hendrickx. Effects of Dietary Supplementation with the
Green Tea Polyphenol Epigallocatechin-3-gallate on Insulin
Resistance and Associated Metabolic Risk Factors: Randomized
Controlled Trial. Br J Nutr. 2009 March; 101(6): 886—894.

[13] Hsu CH1, Liao YL, Lin SC, Tsai TH, Huang CJ, Chou P. Does
supplementation with green tea extract improve insulin
resistance in obese type 2 diabetics? A randomized, double-
blind, and placebo-controlled clinical trial. Altern Med Rev.
2011 Jun;16(2):157-63. J Nutr.

[14] Hursel R, and MS Westerterp-Plantenga. "Green Tea Catechin
plus Caffeine Supplementation to a High-protein Diet Has No
Additional Effect on Body Weight Maintenance after Weight
Loss." Am J Clin Nutr.89.3 (2009): 822-30.

[15] Wang M, Wen Y, Du Y, Yan X, Wei Guo H, Rycroft J et al. The
effects of 90 days consumption of a high-catechin green tea
beverage on body weight. Eur J Clin Nutr 2008.

[16] Auvichayapat P, Prapochanung M, Tunkamnerdthai O,
Sripanidkulchai BO, Auvichayapat N, Thinkhamrop B et al.
Effectiveness of green tea on weight reduction in obese Thais: a
randomized, controlled trial. Physiol Behav 2008; 93: 486—491.

[17] Hsu CH, Tsai TH, Kao YH, Hwang KC, Tseng TY, Chou P.
Effect of green tea extract on obese women: a randomized,
double-blind, placebo-controlled clinical trial. Clin Nutr 2008;
27:363-370.

International Journal of Biotechnology and Biomedical Sciences
Volume 1, Number 1; July- December, 2015



24

Poonam Pawar

[18] Nagao T, Hase T, Tokimitsu I. A green tea extract high in
catechins reduces body fat and cardiovascular risks in humans.
Obesity (Silver Spring) 2007; 15: 1473-1483.

[19] Diepvens K, Kovacs EM, Nijs IM, Vogels N, Westerterp-
Plantenga MS. Effect of green tea on resting energy expenditure
and substrate oxidation during weight loss in overweight
females. Br J Nutr 2005; 94: 1026-1034.

[20] Kovacs EM, Lejeune MP, Nijs I, Westerterp-Plantenga MS.
Effects of green tea on weight maintenance after body-weight
loss. Br J Nutr 2004; 91: 431-437.

[21] Tsuchida T, Itakura H, Nakamura H. Reduction of body fat in
humans by long-term ingestion of catechins. Prog Med 2002;
22:2189-2203.

[22] Hase T, Komine Y, Meguro S, Takeda Y, Takahashi H, Matsui Y
et al. Anti-obesity effects of tea catechins in humans. J Oleo Sci
2001; 50: 599-605.

International Journal of Biotechnology and Biomedical Sciences
Volume 1, Number 1; July- December, 2015



