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Abstract

Obesity is an increasing public health concern due to increased risk of related
disorders. However, appropriate prevention and early management of obesity are
changes in lifestyle patterns including physical activity and diet. Additional use
of dietary agents for the prevention of obesity would be of tremendous benefits.
It has been shown that green tea helps to reduce obesity when consumed on
daily basis. Anti-obesity effect of green tea has been associated with its content
of caffeine and catechins particularly (-)-epigallocatechin-3-gallate (EGCG). A
number of studies have explored the effects of green tea on the overweight
and obesity conditions. Many human epidemiological studies, demonstrated
beneficial effects of green tea or green tea catechins rich in EGCG in overweight
management. The consumption of green tea or its catechins helps in significant
reduction of body mass index (BMI), body weight and body fat by increasing
postprandial thermo genesis and fat oxidation. In addition, it was also found
to reduce blood cholesterol, triglyceride, glucose and insulin levels. Several
studies have hypothesized biological mechanisms whereby green tea may
reduce adipocyte lipogenesis, decrease fat absorption, as well as suppressed
appetite and nutrient absorption. In spite of all these benefits, the optimal dose
of green tea is still not clear. This article provides a comprehensive overview of
the human studies addressing the potential anti-obesity and its related benefits

genesis

of green tea and its contents, particularly catechins.
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Introduction

Obesity is rapidly reaching epidemic proportion worldwide and
has become a public health burden. It is strongly associated with the
risk of various diseases including diabetes mellitus, , hypertension,
neurological disorders, cardiovascular diseases and even some types
of cancer [1,2], and promotes premature death. Obesity is associated
with the expansion of adipose tissue, deposition of fat, elevation of
plasma free fatty acids, blood cholesterol and blood glucose levels
[3,4]. These disorders arise due to imbalance of metabolic, endocrine,
neurological and nutritional factors [5,6]. Most of the studies have
reported that the lack in physical activities, overeating, binge eating,
junk food, fast food, highly processed foods and drinking sugar-
sweetened beverages are the risk factors of obesity [6]. However, in
some cases, genetic predisposition, family history, and ethnicity have
been associated with obesity [7].

WHO estimated that more than 1.4 billion adults were overweight,
of these over 200 million men and nearly 300 million women were
obese and more than 40 million children under the age of five were
overweight [8]. In Saudi Arabia, prevalence of obesity ranged from
~14% in children to ~83% in adults [9]. The observed prevalence and
pattern of overweight/obesity in Saudi Arabia is due to urbanization,
which has a significant impact on different aspects of lifestyle factors
specially sedimentation and eating habit [10,11].

The preventive intervention of overweight and/or obese
individuals is a key issue globally. World Health Assembly in 2004

reviewed the increasing incidence of obesity and its related diseases.
Finally they found that improvement of diets and physical activity
patterns at global, regional and local population levels will be helpful
in preventing obesity [8]. However, researchers are also investigating
the functional foods that could be probably helpful in prevention of
obesity and related diseases. There are many controversies about the
role of green tea and its effects on health and diseases. In view of these,
we explored the beneficial effects of green tea and green tea catechins
in healthy obese human subjects. This review has also focused on
the patho-physiological model of obesity onset and the probable
mechanism through which the green tea may prevent obesity and
its related problems. It would be of great interest to the general
population and especially those who are undergoing initiation and
progression of obesity.

The epidemiological research data of green tea were in this paper
collected up to December 2013, through cross-referencing, using
various resources like Pubmed, Medline, Embase, Science direct,
Biological abstracts, and Thomson Reuters, Web of Science.

Green Tea Composition

Green tea is a popular beverage made from the leaves of Camellia
sinensis var. sinensis and Camellia sinensis var. assamica plant (family-
Theacease). Thousands of years ago, it was believed that drinking of
green tea has medicinal efficacies in the prevention and treatment
of many diseases, and so longevity is often associated with the green
tea drinking habit [12]. In the recent past years, numerous studies
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have revealed several physiological responses of green tea, which may
promote health and may also be useful for prevention and treatment
of some chronic diseases. Green tea catechin epigallocatechin gallate
(EGCQG) has been reported for anticancer, antiobesity, antidiabetes
effectiveness and prevention of cardiovascular diseases [13,14].
However, caffeine and EGCG catechins are also considered as active
substances of green tea, which associated with energy expenditure, fat
oxidation and weight loss in obese subjects [15]. Other catechins and
polyphenolic compounds of green tea have been reported for various
pharmacological activities [16-18], which reflect the increasing
interest in the possible health benefits of green tea.

Green tea is produced from freshly harvested young leaves by
immediate steaming to prevent enzymatic fermentation. Steaming
processes inactivate the polyphenolic oxidase enzyme, which is
capable for oxidation of tea catechins to oligomeric and polymeric
derivatives. Though, young leaves processed for fully enzymatic
oxidation (fully-fermentation), in which catechins is converted into
the aflavins and the arubigins, is known to be a feature of the black
tea, while limited enzymatic oxidation (semi-fermentation) is known
to produce Oolong tea [17].

Catechins content in green tea infusion depends on species,
harvesting variables, and brewing methods. Wu and Wei, estimated
~90 mg of EGCG in a cup of green tea (2.5 g of green tea leaves in
200 ml of water) [19], whereas, Higdon and Frei, estimated EGCG
content about 30-130 mg/237 mL green tea infusion [20]. Cabrera et
al. estimated ~32.5 mg of caffeine content in 1g of green tea infusion
[21].

Mechanism of antiobesity action of the green tea

To date, metabolomics have established enormous possibilities
for the onset of obesity [4]. The changes in metabolic network are
uniquely poised to increase obesity and obesity-related diseases,
and finally disordered whole body systems [22]. The metabolomics
concept of obesity is almost similar with the old concept of energy
balance model. In other obese individuals the level of total caloric
expenditure is lower than caloric intake, resulting in fat accumulation
in adipose tissue [5]. It has been reported that overeating not only
accumulates high caloric energy, it also enhances stomach capacity
which activates gastric stretch receptors and mechanoreceptors that
regulate signals for again and again eating [23]. Adversely, slow rate
of gastric emptying, delayed duodenal release of cholecystokinin
and therefore also delayed satiety signals [24], enhances over eating.
Hence, overeating results in weight gain [25], and onset of obesity
[26]. Green tea polyphenols elevate cholecystokin in hormone that
decreases food intake and suppresses appetite [27]. Green tea beverage
has also been alter energy balance through their interference with the
metabolism of lipid and carbohydrate by virtue of their antioxidant
and physicochemical effect as well as their ability to activate metabolic
enzymes [20,28].

High concentration of lactate in the plasma may be an indicator
of hepatic glucose production and hepatic lipid synthesis [29], which
may also results in the onset of obesity [4]. Complex molecules, like
starch and glycogen are hydrolytically broken down by a-glycosidase
enzyme into glucose molecules. Glucose molecules either used as
metabolic energy or in excess, are converted into lactate [30]. Some
studies have reported that, theaflavins and catechins retard starch

digestion through inhibition of a-glucosidase [31], salivary amylase
and pancreatic amylase activities [32]. However, caffeine stimulates
the cori-cycle where lactate move from muscles to the liver and
converted into pyruvate [33]. Finally pyruvate is converted into
glucose by lactate dehydrogenase and circulates back to the muscles
[33]. Hence, green tea’s role as a starch blocker minimizes lactate
concentration and reduces carbohydrate utilization [34].

Free fatty acids compositions, especially saturated fatty acids
have been positively associated with the development of obesity and
cardiovascular related diseases including diabetes and hypertension
[35,36]. Metabolically, free fatty acids either are catabolized in
mitochondria to produced energy and excess lipids stored in adipose
tissue or elsewhere as triglycerides [37]. Studies have shown that
green tea extracts inhibit fatty acid synthase [38], increase lipid
metabolism through the intervention in the process of adipogenesis
and lipolysis [39]. Green tea catechins inhibit gastric lipase and
pancreatic lipase [40], which is involved in lipid digestion. This
inhibition is apparently due to catechins reduced lipolysis of long-
chain triglycerides [41] and interference with the emulsification,
digestion and micellar-solubilization of lipids that support intestinal
absorption of dietary lipids [42,43]. This notion suggests that the
reduced lipid emulsification and digestibility may be responsible
for lowering intestinal absorption of dietary lipids, including
triglyceride, cholesterol, and other lipophilic compounds [44]. Green
tea also lowers plasma cholesterol by increasing fecal bile acids and
cholesterol excretion [45].

Neurological factors, particularly sympathetic nervous system
(SNS) regulates energy balance in both basal and stimulated (exercise,
food intake and stress) conditions via interference with the metabolic
rate and facultative thermogenesis [46]. This low activity of SNS
is associated with weight gain and onset of obesity [47]. A study
has shown that an obese population with low SNS activity gained
more and more weight [48]. The actual role of SNS is to stimulate
adrenal medulla that secretes catecholamines, epinephrine and
norepinephrine, which is circulated in the body through blood [47].
The active norepinephrine (NE) binds to fat cells surface receptor
and stimulates the activity of hormone sensitive lipase (HSL) so that
fat could be used as fuel. Adversity, catechol O-methyl-transferase
(COMT) is an enzyme encoded by the COMT gene, that degrades NE
and prevents the breakdown of fat [48]. Some studies have revealed
that green tea catechins, especially EGCG inhibits COMT and caffeine
inhibits trancellular phosphodiesterases that break down NE-induced
cAMP [49,50]. This notion indicated that the thermogenic properties
of green tea could reside primarily in an interaction between its high
content of catechins and the presence of caffeine that sympathetically
released noradrenaline and inhibits tran-cellular phosphodiesterases
[51]. synergistic
and caffeine may result in increased CNS activity that prolongs
sympathetic stimulation of thermogenesis, energy expenditure, and
fat oxidation [52,53], which could be helpful in obesity management
intervention.

Hence, such interaction between catechins

Various pilot studies have been designed to evaluate the beneficial
effects of green tea extracts and green tea catechins specially
(-)-epigallocatechin gallate (EGCG) in healthy obese overweight
volunteers (Table 1). The concentration of EGCG in green tea
beverage or capsules used in the various studies ranged from 100 to
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Table 1: Summary of the important studies related to the effect of the Green tea consumption on the overweight and obese subjects.

Single administration

Suntory Ltd (Osaka, Japan

Study design Dose (per day), duration, tea brand* Authors’ conclusion Reference/country
Multl—;:rr:itzg:nrg?n;golled. GT AR, 4 cap [375 mg catechins, of which 270 mg EGCG]  GT capsule consumer significantly decreases [40]
BMI: 25-32 3 months body weight and waist circumference. France
Double-blind, placebo Placepo [cellulose]
controlled Caffeine [150 mg]
BMI 251 + 1.2 GTE [270 mg EGCG and 150 mg caffeine] GTE consumer significant increases EE and [51]
Parti.ci a.nt;' iO 24 hours fat oxidation. France
P ’ AR25, Arkopharma Laboratories, Nice,
France
Randomized, cross-over, Con_trol [water]
controlled Caffeine [270 mg]
- ) Half-strength tea 1500 ml [331 mg catechins (122 mg EE and fat oxidation were high in full
Participants:12 . [54]
BMI: 18-30 EGCG)] strength tea consumers followed by caffeine Japan
’ Full-strength tea 1500 ml [662 mg catechins (244 mg consumers and half strength tea consumers. p
EGCG)]
3 days, self-prepared
Randomized, case-controlled GT1 350 ml [77.7 mg catechins +80.15 mg caffeine] EE and fat oxidation were higher in high [55]
Participants: 12 GT2 350 ml [592.9 mg catechins +81.9 mg caffeine] catechins group followed by lower catechins Japan
BMI: 24.8+0.8 12 weeks, self-prepared group. P
h Placebo [3g fibersol-2]
Double blind, cross-over, h
placebo controlled GT 2100 mg [540 mg catechln; (282 mg EGCG) + 300 mg GT consumers significantly increase EE and [56]
. . caffeine] - ]
Participants: 31 fat oxidation. Switzerland
BMI: 20.25 8 days
T Choladi TCTG; Nestle Co., Choladi, India
Placebo [caffeine 150 mg]
Cross-over, double blind, GT1[catechins 493.8 mg (242.4 mg EGCG) + caffeine 150
placebo controlled . mg] . GT consumers non-significantly increase of
- . GT2 [catechins 645 mg (607.2 mg EGCG) + caffeine 150 o - [57]
Participants: 15 EE, fat oxidation and decrease respiratory
) mg] ) Denmark
BMI: 22-4 +1-6 . . quotient.
GT3 [catechins 684 mg (1.8 mg EGCG) + caffeine 150 mg]
lday
Unilever Research & Development, Colworth, UK
Randomized double-blind, Placebo [300 mg lactose] Postorandial respiratory quotient sianificant!
placebo controlled GT [300 mg EGCG] decfeases whe:)eas Eé?ﬁd not si Siiﬁcantl / [58]
Participants: 6 2 days, Teavigo™ by DSM Nutritional products (Basel, change 9 Y Germany
BMI: 29.1 Switzerland) ge.
Placebo [lactose]
Randomized, double-blind Dose 1[300mg EGCC] Low dose of EGCG increases fat oxidation,
Dose 2[600mg EGCG] . . [59]
placebo controlled j which was equal to the 200 mg caffeine
. . Dose 3[200 mg caffeine] : . Germany
Participants: 12 Dose 4] 300 mg EGCG/200mg caffeine] consumers, whereas high EGCG did not show
BMI: 31.3:0.8 9 9 this effect.
3days
Teavigo™ by DSM Nutritional products (Basel, Switzerland)
Randomized, double-blind Placebo [gelatin capsule] . .
Short-term consumption of Teavigo capsule
placebo controlled GT [405 mg EGCG] . . ) ) [60]
- . did not increase resting metabolic rate and the
Participants: 16 2 days thermic effect of feedin USA
BMI 24.6 + 1.2 Teavigo capsule 9
Placebo [cellulose]
Randomized, double-blind, [600 mg caffeine + 270 mg EGCG]
placebo controlled. [600 mg caffeine + 600 mg EGCG] Caffeine along with EGCG significantly [61]
Participants: 14 [600 mg caffeine + 900 mg EGCG] increases EE and fat oxidation. Canada
BMI: 20-27 [600 mg caffeine + 1200 mg EGCG]
1day
Control (water)
h Oolong tea 300 ml [206 mg catechins, of which 81 mg was
Randomized, cross-over, K .
controlled EGCG and 77 mg caffeine] Oolong tea consumer increases EE more 62]
- . GT 300 ml [293 mg catechins, of which 156 mg was EGCG than GT.
Participants: 11 and 161 mg caffeine] Japan
BMI: 21.22.5 9
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Case-control

Low dose GTE [118.5 mg catechins, of which 32 mg EGCG

Low dose of GT reduces body weight, BMI
and insulin.

BMI: 24-30
Participants: 80

and 83 mg caffeine]
12 weeks

subcutaneous fat area and hip circumference.

Participants: 23 and 75 mg caffeine] [63]
BMIP 24_2'5 High dose GTE [483.0 mg catechins, of which 300 mg High dose of GT reduces body weight, BMI, Japan
’ EGCG and 75.5 mg caffeine] body fat, visceral fat, cholesterol, glucose and P
12 weeks insulin.
Ragﬁ:g]Izgi’eziri!il{rgﬁ:gle_ Placebo [1200 mg cellulose] GT consumer slightly reduces body weight [64]
P e ) GT 1200 mg [491 mg catechins (302 mg EGCG)] and body fat, whereas significant reduces Taiwan
Participants: 100 ) .
) 12 weeks LDH-cholesterol and triglyceride levels.
BMI: > 27
Randomized. placebo- Placebo [cellulose]
controilgd GT 750 mg [catechins 140.8 mg (100 mg EGCG) + 86.5 | GT capsule consumer significantly decreases [65]
o . mg caffeine] body weight, respiratory quotient and ;
Participants: 60 ) Thailand
BMI > 25K 12 Weeks increased EE.
9 Herbal One Co., Ltd., Nakornprathom, Thailand
Control GT 750 ml [catechins 41.1 mg (9.3 mg EGCG)]
Double blind, controlled GT1, 750 ml [catech!ns 444.3 mg (152.3 mg EGCG)] GT1 and GT2 consumers’ decreases body
. . GT2, 750 ml [catechins 665.9 mg (229.8 mg EGCG)] . : [66]
Participants: 195 weight, BMI and abdominal fat area, total fat
BMI: 22.5-30 12 weeks area and visceral fat area Japan
T THEA-FLAN 90S produced by ITO EN, Ltd, Shizuoka, )
Japan
Randomized double-blind, Control 340 ml [96.3 mg catechins (4.9 mg EGCG) and 75 GT consumers decrease body weight,
controlled mg caffeine] BMI, body fat, waist circumference, hip [67]
Participants: 240 GT 340 ml [582.8 mg catechins (29.5 mg EGCG) and 72.3 circumference, visceral fat area, subcutaneous Japan
BMI: 26.8+2 mg caffeine] fat area, low-density lipoprotein (LDL) and P
12 weeks cholesterol.
Randomized, placebo Placebo 250 ml [30 mg catethns +10 mg caffgme] GT consumer reduces body fat. While, GT3
GT1 250 ml [458 mg catechins +104 mg caffeine] ) . .
controlled . . consumer decreases intra-abdominal fat, waist [68]
- . GT2 250 ml [468 mg catechins +126 mg caffeine] : B .
Participants: 192 . . circumference and body weight. China
} GT3 250 ml [886 mg catechins +198 mg caffeine]
BMI: 24-35
90 days
Randomized, double-blind Control 350 ml [catechl_ns 86.2 mg (14.8 mg EGCG) +
controlled caffeine 40.4 mg]
- . GT 350 ml [catechins 609.3 mg (125.5 mg EGCG) + GT beverage consumer reduces body weight, [69]
Participants: 118 : h ;
. caffeine 68.6 mg] BMI, visceral fat area and total body fat. China
BMI: 24-40
12 weeks
Kao Corporation, Tokyo, Japan
Randomized single blind Control [water]
controlled GT [1 sachet in 1.5 liter water] GT consumer significantly decreases body [71]
Participants: 30 25 days weight, BMI and waist circumference. Malaysia
BMI: 29.90 + 4.93 Green tea (BOH®)
. . ) Control [Water]
Random;ictir,os”lzgle blind, GT 4 cups|catechins 928 mg (440 mg ECGC) + 8.96 mg Both GT beverage and capsule consumers
Particinants: 35 caffeine] significantly decreases body weight and [72]
P ) GT 2 caps|catechins 870 mg (460 mg ECGC) + 3.6 mg BMI. Also, GT beverage decreases lipid USA
BMI: 36.1 . I
caffeine] peroxidation and LDL-cholesterol.
8 weeks
Randomized, double-blind, Placebo control drink
: GT beverage consumer decreases body
placebo-controlled GT beverage [540 mg catechins] . ) [73]
- . weight and body fat, abdominal total fat,
Participants: 226 visceral fat, and subcutaneous fat area Japan
BMI: 25-35 12 weeks ’ )
Randomized, double-blind Placebo control drink
placebo-controlled GT beverage 680 mL [339.8 mg catechins with a galloyl | GT beverage consumer decreases abdominal [74]
Participants: 41 moiety] fat and visceral fat area. Japan
BMI: 23-30 12 weeks
Rand:)ar(r:'l;z;i,cgz:glltlee-(?llnd, Placebo control drink De-caffeinated GTE reduces body weight, [76]
P - . De-caffeinated GTE drink [548 mg catechins] waist circumference, abdominal body fat and
Participants:81 12 weeks blood linids Japan
BMI225 pias.
Ca-sg-cont‘rol Oolong tea 8 g [EGCG 153.3 mg and caffeine 141 mg] Oolong tea decrease body weight, body fat, 78]
Participants:100 6 weeks subcutaneous fat and waist size China
BMI=25 Fujian Tea Import and Export Co., Ltd. (China) ’
Randomized, double-blind, | Control [126.5 mg catechins, of which 25.2 mg was EGCG
controlled and 81 mg caffeine] GT consumer significantly reduces body (80]
Subjects with normal exercise | GT 340 ml [588 mg catechins, of which 115 mg was EGCG | weight, BMI, body fat mass, visceral fat area, Japan
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Controlled, parallel
Subjects with treadmill

Control 500 ml [non-catechins beverage]
GT 500 ml [570.4 mg catechins (218.4 mg EGCG) + ~40

GT consumer non-significantly increases EE

exercise mg caffeine] and sedentary fat oxidation at rest and during (81]
. . Japan
Participants: 14 2 months exercise.
BMI: 24.5+2.6
Randomized, placebo Placebo [lactose 2 caps]. ) -
controlled Teavigo® 2 caps [EGCG 300 mg] Teavigo® consumer non-significantly
Subjects with moderate g P 9 reduces total body fat, abdominal fat, waist [82]
) 12 weeks ; . ) ) .
exercise circumferences and intra-abdominal adipose Australia
BMI: 25-39.9 tissue.
Participants: 38
Cross-over, placebo controlled Placebo [1517 mg gluten-free corn flower].
Subjects with exercise GT (3caps) [polyphenols 892 erZ]g (366 mg EGCG), caffeine- GT consumer increases fat oxidation rates [83]
Participants:12 during moderate-intensity exercise. UK
BMI: 23.9 24 hour
T Healthspan, St Peter Port, UK
Randomized, double-blind,
controlled Control [39 mg caffeine] GT beverage consumer significantly reduces
Participants:132 GT 500 ml [625 mg catechins (EGCG 214.4 mg) + 39 mg ag 9 I [84]
. ] body weight, subcutaneous, abdominal fat
BMI:25-40 caffeine] areas, triglyceride and free fatty acid USA
Subjects with moderate 12 weeks - ngly ty '
exercise
Randomized, double- blind,
controlled Control [77.6 mg caffeine] GT consumer with moderate exercise
Participants: 12 GT 340 ml [catechins 572.8 mg (EGCG 100.5 mg) + . S [85]
] . increases whole body fat utilization and non-
BMI: 22.9 caffeine 76.7 mg] significant decreased in body weight and BMI Japan
Subjects with moderate 10 weeks 9 Y welg :
exercise
Clinical trial, controlled
Participants: 19 Control drink [No catechins] GT consumer increases fat oxidation rate (86]
BMI: 24+0.5 GT drink [570 mg catechins] during exercise and contributes to body fat Japan
Subjects with moderate 12 weeks reduction. P
exercise
Clinical trial, controlled Control drink [No catechins]
Participants: 192 GT beverage [278 mg catechins] Body fat was effectively reduces by the long (87]
BMI: 24.9+0.2 GT beverage [570 mg catechins ] term intake of catechins in combination with Japan
Subjects with moderate GT beverage [845 mg catechins] physical activity P
exercise 12 weeks
Double blind, controlled Control 340 ml [catechins 21.76 mg]. GT consumer sianificantly decreases bod
Participants: 38 GT 340 ml [catechins 686.8 mg]. vthotievinine s 89]
BMI: 24.5-25 12 weeks gnt. \’/vaistycircumference ’ Japan
Subjects with LED Self-prepared ’
Doubli;t:l[?:)jl,lezlacebo Placebo [2790 mg maltodextrin]
Participants: 46 GTE [1206.9 mg catechins (595.8 mg EGCG) and 236.7 GT with LED had no additional benefit. [90,91]
; mg caffeine] Netherland
BMI:27.6+1.8 87 davs
Subjects with LED Y
Randomized parallel. placebo- Control [placebo] Up to 4" week, a subject reduces body weight,
conﬁrolled P GT 6 cap [573 mg catechins (323 mg EGCG), and 104 mg | fat mass and free fat mass. During the weight- [92]
- caffeine] maintenance period, GT consumer regains
Participants: 104 ) . . - ; } Netherlands
BMI:25-35 4 weeks weight loss + 13 weeks weight maintenance body-weight, mainly due to increase of free
) fat mass.
Randomized, double blind, LF)W hablltual caffe|lne [<300 mg caffel.ne]. . ] .
High habitual caffeine [>300 mg caffeine]. High caffeine consumer reduces body weight,
placebo controlled , . X . o
- . Low habitual caffeine + GT cap [375 mg catechins (270 mg | fat mass, and waist circumference more as
Participants: 76 . .
BMI: 275 + 2.7 EGCG) and 150 mg caffeine] compare to the low caffeine consumers. [93]
I High habitual caffeine + GT cap [375 mg catechins (270 mg | While, during weight maintenance period, GT Netherlands
Subjects with LED and A ) . .
: ) EGCG) and 150 mg caffeine] with low caffeine further reduces body weight,
habitual caffeine consumers . ] . . ;
for 4 weeks GT intervention for 3 months with normal diet. waist and body fat.
) Novartis CH, Nyon,Basel, Switzerland
Randomized, placebo-
) Placebo [946 mg lactose] -
controlled, doublg blind GT 1060 mg [catechins 800 mg], decaffeinated G.T consumer significantly decreases bod.y [94]
Sedentary subjects 6 weeks weight. Also suggested that the GT-catechins UK

Participants:135
BMI: 28-38

Sunphenon 90LB; Taiyo Kagaku Ltd, Japan

protecting weight gain.

BMI=Kg/m?, GT=green tea; GTE= green tea extract, EGCG= epigallocatechin gallate; LED=Low energy diet
*Tea brand name is not reported by all authors.
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600 mg/day, while the duration of the studies varied from one day
to one year. The test items was administered either in the form of
capsules containing green tea extract, at up to six capsules/day or
beverages at up to 1500 ml/day. However, no adverse effect has been
reported in these studies.

Effects of green tea on energy expenditure and fat
oxidation

Dulloo et al. [51], first approach for obesity management was to
reduce energy intake or increase energy expenditure (EE). They found
that daily consumption of green tea extract, containing catechins-375
of which 270 mg EGCG and 150 mg caffeine, significantly increased
24-h EE, which contributed to the fat oxidation by 41.5% in healthy
men. This landmark finding resulted in the design of various models
or hypothesis to test the effect of green tea (beverage, extracts,
and capsules) in overweight or obese subjects. Some of the studies
conducted for very short duration have insignificant result on 24-h
EE and fat oxidation, whereas long duration studies constantly infer
beneficial effects of green tea not only on 24-h EE and fat oxidation
but also for the maintenance of body composition. Rumpler et
al. [54], measured EE and fat oxidation in healthy men, who were
either taking 270 mg caffeine or low strength tea (containing
catechins-331 mg of which EGCG 122 mg), or full strength tea
(containing catechins-662 mg) for 3 days. They found EE increase in
caffeine consumer by 3.4%, half strength tea consumer by 0.5%, and
full strength tea consumer by 2.9%, while fat oxidation in caffeine,
half strength tea and full strength tea consumers were 8%, 2%, 12%
respectively. Similarly, EE and fat oxidation was higher in high
catechins consumer (containing catechins-592.9 mg and caffeine
81.9 mg) as compared to the lower catechins consumer (containing
catechins-77.7 mg and caffeine 80.15 mg) after 12 weeks in overweight
subjects [55]. The trend of fat oxidation (3.3%) and thermo genesis
(4.6%) in healthy male and female subjects in response to drinking
of green tea extracts (containing catechins-450 mg of which 282 mg
EGCG and 300 mg caffeine) has been supported by another study in
recent past in which tea extract was supplemented for 3 days [56]. A
recent study, investigated the effect of green tea on normal weight
healthy males who have received either caffeine capsule (150 mg),
or green tea catechins, GT1 containing catechins-493 mg of which
150 mg caffeine, GT2 containing catechins-645 mg of which 150 mg
caffeine, GT3 containing catechins-886 mg of which 150 mg caffeine
for a day only [57]. The result found insignificant tendencies towards
increase of EE, fat oxidation and decrease of respiratory quotient
(RQ) especially in high catechins groups vs caffeine-only. Although, it
was suggested that 300 mg of EGCG Teavigo™ capsule supplemented
for 2 days increased fat oxidation through reducing the postprandial
RQ in overweight men [58]. Thielecke and his colleagues again
reported that 300 mg of EGCG Teavigo™ capsule supplemented
for 3 days in obese men have increased postprandial fat oxidation,
whereas high content of EGCG (600 mg) did not exert this effect [59].
They also reported that there were no synergism effects of EGCG and
caffeine in fat oxidation. This study provided the first evidence that
the low concentration of EGCG has a potential to moderate effect
on the fat oxidation rather than the high concentration of EGCG.
Another study also supported this notion, in which green tea Teavigo
capsule containing high content of EGCG (405 mg) did not increase
the resting metabolic rate (RMR) and thermic effect of feeding (TEF)

in healthy males and females subjects supplemented for 2 days [60].

Most of the studies reported that the magnitude of fat oxidation
was noticeable in a group who had consumed green tea catechins
containing both EGCG and caffeine [55,56]. Exceptionally, few
studies have highlighted the role of caffeine on EE and fat oxidation
rather than catechins. Single administration of caffeine (600 mg)
along with EGCG (270 mg) increased the EE by 8%, fat oxidation by
20g/day and decrease of RQ by 0.02 in healthy men [61]. However,
further increase of EGCG concentration (up to 1200 mg) along with
caffeine (600 mg) did not increase the EE and fat oxidation. However,
in this case, most probably, high content of caffeine may mask the
role of green tea EGCG and vice versa. One study compared the effect
of green tea (containing catechins-293 mg of which 156 mg EGCG
+ 161 mg caffeine) with the Oolong tea (containing catechins-206
mg of which 81 mg EGCG + 77 mg caffeine). The authors found
that a single administration of both teas cumulative by increased EE
without affecting fat oxidation and RQ in overweight females [62].
Overall, it was concluded that moderate concentration of green tea
consumption for a long duration of time might be beneficial on EE
and fat oxidation in obese subjects.

Effects of green tea on the body composition

Most of the researchers reported a significant beneficial effect
of green tea on body composition. However, each finding does not
have similar extent of beneficial effect may be due to difference in
the green tea dose, forms and so forth. A comparative study revealed
that the low dose of green tea extracts (containing catechins-118.5
mg of which 32 mg EGCG + 75 mg caffeine) slightly reduced body
composition, while an increase of green tea dose (containing 483.0 mg
catechins, of which 300 mg EGCG + 75.5 mg caffeine) significantly
reduced weight by 1.1Kg, BMI by 1.48%, waist circumference by
1.68%, body fat ratio by 6.53% and decreased blood cholesterol level
by 13 mg/ mL, glucose level by 3.5 mg/mL and insulin level by 1.3
pg/mL in healthy men after 12 weeks consumption [63]. Moderately
overweight male and female subjects, who ingested green tea capsule
(AR,)) containing catechins-375 mg of which 270 mg EGCG for
3 months reported decrease of body weight by 4.6% and waist
circumference by 4.48% [40]. However, 12 weeks ingestion of green
tea capsules, containing catechins-491 mg of which 302 mg EGCG
and 27 mg caffeine, resulted in slightly reduced body weight (0.12
Kg) and body fat (0.05 Kg) in the obese females [64]. Another study
reported a significant reduction of body weight (2.7 Kg), BMI (2.97
Kg/m?), body fat (3.82%) and waist circumference (3.86 cm) in obese
male and female subjects who ingested green tea capsule containing
small amounts of catechins (containing catechins-140.8 mg, of which
100 mg EGCG + 27 mg caffeine) over 12 weeks [65].

Obese men and women subjects, who ingested green tea beverage
(containing catechins-444 mg or 665 mg) daily had significantly
reduced body weight by 1.4 Kg, BMI by 0.4 Kg/m? waist circumference
by 0.7 cm, total fat area by 15 cm? and decreased total blood cholesterol
level by 0.11-0.23 mmol/L over 12 weeks [66]. In a similar study, a
group of healthy men decreased body weight by 1.7 Kg, BMI by 0.6
Kg/m?, body fat mass by 2.3 Kg, waist circumference by 2.5 cm, hip
circumference by 2.3 cm, visceral fat area by 10.3 cm? and total fat
area by 16.0 cm? who were drinking 340 mL/day green tea beverage
(containing catechins-582.8 mg of which 29.5 mg EGCG and 72.3
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mg caffeine) as compared to a group of control drink (containing
catechins -96.3 mg of which 4.9 mg EGCG and 75 mg caffeine) over
12 weeks [67]. In addition, high catechins group also decreased LDL-
cholesterol level to a greater extent as compared to the control drink
group. These two studies were almost similar to a study in the recent
past study [68]. The authors of this study applied the same approach
in moderately overweight subjects, who were offered to consume
250 mL self-prepared green tea drink. Control group ingested drink
containing 30 mg catechins and 10 mg caffeine; GT1 group’s drink
containing 458 mg catechins and 104 mg caffeine; GT2 group’s drink
containing 468 mg catechins and 126 mg caffeine; GT3 group’s drink
containing 886 mg catechins and 198 mg caffeine daily for 90 days.
They found that all groups decreased body composition except the
control group. GT1 and GT2 groups decreased body weight by 1.1%,
waist circumference by 1.1-1.3%, intra-abdominal fat area by 5-4.2%,
and body fat by 2.7-3.1%. However, GT3 group reduce body weight
by 1.7%, waist circumference by 2%, intra-abdominal fat area by 7.1%,
and body fat by 2.4% [68]. A recent study has also shown significant
decrease of body weight by 1Kg, BMI by 0.4 Kg/m?, visceral fat area by
9.4 cm”and body fat by 0.5% in healthy overweight and obese subjects,
who consumed catechins-enriched green tea beverage (containing
609.3 mg catechins and 68.7 mg caffeine) for 12 weeks [69]. Similarly,
continuous consumption of catechins beverage (catechins -588 mg)
for one year had significantly reduce body weight, BMI and visceral
fat areas as compared to the control group who consumed catechins
-126 mg [70]. A study has also reported that, the consumption of 1.5L
self-prepared green tea beverage/day for 25 days significantly reduced
body weight by 1.45 Kg, BMI by 0.63 Kg/m? and waist circumference
by 0.66 cm in obese females [71]. Basu et al. [72], separately assigned
moderately overweight subjects to consume either green tea beverage
(4 cups/day) or extract supplementation (2 capsules/ day) for 8 weeks.
Both green tea beverage (containing catechins-928 mg of which
440 mg EGCG + 8.96 mg caffeine) and green tea extract capsule
(containing catechins-870 mg of which 460 mg EGCG + 3.6 mg
caffeine) significantly reduced body weight by 2.5 and 1.9 Kg, BMI by
0.9 and 0.7 Kg/m?, triglyceride by 14.8 and 23.0 mg/dL respectively,
suggesting the role of green tea flavonoids along with catechins in
improving the features of metabolic syndrome in obese subjects [72].

Daily ingestion of green tea beverage (containing 540 mg
catechins), significantly reduces body weight, body fat mass, waist,
hip, abdominal total fat area, abdominal visceral fat area and
abdominal subcutaneous fat area in obese women and men subjects
over 12 weeks [73]. In another study the beverage containing tea
catechins-169.9 mg with a galloyl moiety was supplemented (2 bottles/
day) to the healthy women for 12 weeks significantly reduced visceral
fat area [74]. Similarly, high dose (500 mL) of green tea beverage
containing catechins 540 mg, ingested for 12 weeks significantly
decreased visceral fat area, body weight, and waist circumference
[75]. In a study on healthy men assigned to consume decaffeinated
GTE beverage (containing catechins-548 mg) over 12 weeks it was
found that they reduced body weight, waist circumference, and body
fat including visceral fat area and blood cholesterol level [76]. In
another study, green tea supplemented to the obese individuals for
12 weeks reduced body weight by 6.8Kg, total body fat by 7.6% and
decreased low-density lipoprotein cholesterol [77].

An Oolong tea which also containing EGCG 153.3 mg and caffeine

141 mg was supplemented to the diet-induced overweight and obese
subjects for 6 weeks. It showed significant reduction of the body
weight by 2.9 Kg, waist size by 2.58 cm, and decrease of cholesterol
and triglyceride level by 20% in the dyslipidemia subjects [78]. In
addition, a survey reported that the 13,916 Japanese workers who
consumed green tea daily had significantly lower levels of total serum
cholesterol [79]. Overall, it was concluded that the consumption of
green tea catechins leads to improvements in body composition,
reduced abdominal fat and improved metabolic disorders.

Green tea with moderate exercise

Some researchers have observed the beneficial effect of green
tea catechins on body composition with the addition of exercise
interventions. Ingestion of green tea beverage (340 mL) containing
catechins-588 mg of which 83 mg caffeine, for 12 weeks had
significantly reduce body weight by 1.69 Kg, BMI by 0.66 Kg/m?, body
fat mass by 1.54 Kg, total fat area by 26.37 cm?, visceral fat area by 8.71
cm?, subcutaneous fat area by 17.66 cm?* and waist circumference by
1.87 cm in overweight and obese subjects, who did greater duration
of exercise during the study periods [80]. This study provided the first
evidence that the catechins have the potential effect on fat oxidation
in moderately practicing exercise subjects. In addition to the most
remarkable findings observed in healthy subjects who consumed a
green tea beverage, containing 570.4 mg catechins of which 218 mg
EGCG, for 8 weeks increased fat oxidation at rest and during exercise
by 37% and 32% respectively [81]. It was concluded that the green tea
beverage non-significantly increased sedentary fat oxidation at rest
while during exercise significantly increased fat oxidation [81]. In
another set of study, highly purified green tea capsule Teavigo (300
mg EGCG) was supplemented to healthy obese subjects for 12 weeks,
who was performing exercise routinely by 135 min/week of walking or
running. They insignificantly reduced body fat by 0.04%, abdominal
fat mass by 0.07 Kg, visceral fat area by 6.5 cm and waist circumference
by 1.02 cm, and significant decreased plasma glucose level by 0.09
mmol/L [82]. Similarly, active normal-weight men, who ingested
caffeine free green tea capsule containing 890 mg polyphenols of
which 366 mg was EGCG, significantly increased fat oxidation during
30 min of cycling exercise compared with placebo during a 24 hours
study [83]. Maki et al. [84], randomly assigned overweight and obese
subjects to consume either green tea containing 625 mg catechins of
which 39 mg was caffeine or caffeine 39 mg with the moderate exercise
(=180 min/week). The green tea catechins group significantly reduced
body weight by 2.2%, total fat mass by 5.2%, total abdominal body fat
area by 7.7%, intra-abdominal fat area by 8.7%, and also decreased
triglyceride by 11.2%, total cholesterol by 5.3%, and free fatty acid by
0.05% as compared to the control group that reduced body weight
by1%, total fat mass by 3.5%, total abdominal body fat area by 0.3%,
intra-abdominal fat area by 1.4%, and decreased total cholesterol by
2.4%. In a recent study, normal subjects performed a cycle ergometer
exercise at 60% of VO, peak (60 min/day, 3 days/week) and daily
consumed either 340 ml of beverage containing 572.8 mg EGCG and
caffeine 76.7 mg or only caffeine (77.6 mg) for 10 weeks [85]. The
green tea beverage group reduced body weight by 0.6 Kg, and BMI by
0.2 Kg/m*and fat oxidation during 90-min exercise was 6.0 + 0.2 kcal/
min. Similarly, healthy male subjects ingested a green tea beverage
(containing catechins 570 mg) for 12 weeks. The rate of fat oxidation
during exercise was increased in association with an increase in the
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intensity of exercise in the catechins group [86]. In addition, the
findings in healthy male subjects, who ingested green tea beverage
(containing catechins-845 mg) for week 12, confirmed that the body
fat is reduced by the long term intake of catechins in combination
with physical activity or regular exercise [87]. The effects of low dose
of green tea catechins (containing catechins ~160mg of which ~70 mg
EGCQG) on energy metabolism during sub maximal cycling exercise
for 2 hours was evaluated over 3 weeks [88]. In this study green tea
consumption did not influence indices of fat and energy metabolism
and suggested only slight effects on the whole-body metabolism. Over
all, it was suggested that habitual green tea ingestion in combination
with moderate-intense exercise was beneficial to increase the
proportion of whole body fat utilization.

Green tea with control energy diet

The most common view is that obesity is a result of excess energy
intake over energy expenditure, therefore, it was believed that diet
and exercise intervention are effective in the loss of body weight and
improving body composition. Nagao et al. [89], supplemented green
tea (containing catechin-700 mg) for 12 weeks in healthy subjects
along with low energy diet, which showed significant reduction of
body weight by 2.4 Kg, BMI by 0.8 Kg/m?, body fat mass by 1.4Kg, and
waist circumference by 3.4 cm, total fat area by 26.7 cm? and visceral
fat area by 10.1cm?among the study subjects. This approach provided
direct evidence that green tea catechins can contribute to lifestyle
changes related to weight management. However, in a similar set of
study the authors did not find differences of body weight and body
fat in the obese subjects who ingested green tea extracts (containing
catechins-1206.9 mg of which 236.7 mg caffeine) along with control
diet over 12 weeks [90-91]. The authors noted that, the study subjects
were habitual caffeine consumers (200-400 mg caffeine/d). Hence,
from the above finding two possibilities may be concluded, firstly, the
effects of catechins are not additional to the weight reducing effect of
the low calorie diet, secondly high catechins content especially high
EGCG mask the effect on body fat oxidation.

Green tea during weight maintenance

Intervention oflow energy diet was studied in weightloss programs
in which participant were habitual caffeine consumers. Low energy
diet (2-1 MJ/d) intervention for first 4 weeks reduced body weight
(7-5 %) and BMI (2.2 Kg/m?) due to loss of fat mass by 4 Kg and free
fatty acid by 2.4 Kg in healthy obese subjects [92]. However, during
weight maintenance period of 13 weeks, participants consumed
habitual diet and green tea capsule (containing catechins-573 mg of
which 323 mg EGCG and 104 mg caffeine). In this study, habitual
high caffeine consumption was associated with a higher weight
regain as compared to the habitual low caffeine consumption. They
conclude that weight maintenance after 7.5% body-weight loss
was not affected by green tea treatment and that habitual caffeine
consumption affected weight maintenance in the green tea treatment
[92]. In another similar study, overweight and obese participants
were divided into low habitual caffeine (<300 mg caffeine) or high
habitual caffeine (>300 mg caffeine) consumer and supplemented
with low energy diet (2.1M]/d) for first four weeks [93]. High caffeine
consumers reduced weight, fat mass and waist circumference more
than low caffeine consumers during the weight loss period. During
the weight maintenance period of 3 month, participants received

green tea-caffeine mixture capsules containing 270 mg EGCG and
150 mg caffeine and normal food diet. They found that green tea still
reduced body weight, waist circumference, and respiratory quotient
in low caffeine consumers, whereas in high level caffeine consumers
this effect of green tea catechins was not observed [93]. The authors
speculated that the magnitude of habitual high caffeine intake might
have masked the green tea catechins effects [92,93].

Green tea in the subjects with sedentary life style

Recently, Brown et al. [94], studied the decaffeinated green tea
extract capsule effect on sedentary obese males subjects. They assigned
the intervention group to consume 530 mg decaffeinated green tea
extract capsule containing ~ 400mg total catechins/capsule, twice
daily for 6 weeks. They found that the green tea consuming group
decreased body weight by 0.64 Kg whereas control group increased
the body weight by 0.53 Kg. The result suggested that there is a
protective role of green tea catechins against weight gain in sedentary
life subjects.

Green tea in obese children

Effects of green tea in obese or near-obese Japanese children were
also studied. Green tea supplemented either in high dose of catechins
(catechin-576 mg) or low dose (catechins-75 mg) once a day for 24
weeks. There were no significant differences in body fat mass, between
the low and high dose groups whereas waist circumference, systolic
blood pressure and low-density lipoprotein cholesterol were greater
in the high dose catechins group [95].

Conclusion

Several epidemiological studies in this review have revealed the
relationship of green tea and tea catechins consumption to energy
metabolism and body weight control during exercise, sedentary
life style, low energy diet and as usual life pattern of healthy obese
subjects. Most of the epidemiological reports have documented the
potential benefit of green tea for the prevention of obesity and its
related disorders due to the synergistic effects of its constituents.
Most of the investigators found that green tea catechins plus caffeine
significantly reduced obesity as compared with either caffeine or
caffeine-free catechins. Green tea catechins ingestion not only
stimulates thermo genesis and fat oxidation, it also reduces body
mass, visceral fat and total body fat. However, green tea intervention
has more putative benefits when ingested on daily basis along with the
physical activities. We hope that this review will be beneficial to the
people who are undergoing initiation and progression of obesity and
its related problems. There is also a need for further quality studies
over longer periods with larger samples on this important subject, as
majority of the published studies are conducted with a small sample
size and for a short period.

References

1. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-2025:
prevalence, numerical estimates, and projections. Diabetes Care. 1998; 21:
1414-1431.

2. Kopelman PG. Obesity as a medical problem. Nature. 2000; 404: 635-643.

3. Wang TJ, Larson MG, Vasan RS, Cheng S, Rhee EP, McCabe E. Metabolite
profiles and the risk of developing diabetes. Nat Med. 2011; 17: 448-453.

4. Xie B, Waters MJ, Schirra HJ. Investigating potential mechanisms of obesity
by metabolomics. J Biomed Biotechnol. 2012; 2012: 805683.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Med 1(3): id1011 (2014) - Page - 08


http://www.ncbi.nlm.nih.gov/pubmed/9727886
http://www.ncbi.nlm.nih.gov/pubmed/9727886
http://www.ncbi.nlm.nih.gov/pubmed/9727886
http://www.ncbi.nlm.nih.gov/pubmed/10766250
http://www.ncbi.nlm.nih.gov/pubmed/21423183
http://www.ncbi.nlm.nih.gov/pubmed/21423183
http://www.ncbi.nlm.nih.gov/pubmed/22665992
http://www.ncbi.nlm.nih.gov/pubmed/22665992

Rokia Al-salafi

Austin Publishing Group

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Nammi S, Koka S, Chinnala KM, Boini KM. Obesity: an overview on its
current perspectives and treatment options. Nutr J. 2004; 3: 3.

Swinburn BA, Caterson |, Seidell JC, James WP. Diet, nutrition and the
prevention of excess weight gain and obesity. Public Health Nutr. 2004; 7:
123-146.

Faroogi S, O'Rahilly S. Genetics of obesity in humans. Endocr Rev. 2006;
27:710-718.

WHO, “Obesity and overweight”. 2013.

Madani KA. “Obesity in Saudi Arabia’. Bahrain Medical Bulletin. 2000; 22:
1-9.

al-Nuaim AA, Bamgboye EA, al-Rubeaan KA, al-Mazrou Y. Overweight
and obesity in Saudi Arabian adult population, role of socio-demographic
variables. J Community Health. 1997; 22: 211-223.

Al-Hazzaa HM, Abahussain NA, Al-Sobaye HI, Qahwaji DM, Musaiger AO.
“Lifestyle factors associated with overweight and obesity among Saudi
adolescents”. BMC Public Health. 2012; 12: 1-11.

Nayor D. Natural support for healthy weight control. LE Magazine. 2007; 1-8.

Sueoka N, Suganuma M, Sueoka E, Okabe S, Matsuyama S, Imai K. A new
function of green tea: prevention of lifestyle-related diseases. Ann N Y Acad
Sci. 2001; 928: 274-280.

Chacko SM, Thambi PT, Kuttan R, Nishigaki |. Beneficial effects of green tea:
a literature review. Chin Med. 2010; 5: 13.

Diepvens K, Westerterp KR, Westerterp-Plantenga MS. Obesity and
thermogenesis related to the consumption of caffeine, ephedrine, capsaicin,
and green tea. American Journal of Physiology - Regulatory, Integrative and
Comparative Physiology. 2007; 292: R77-R85.

Cooper R, Morré DJ, Morré DM. Medicinal benefits of green tea: Part I.
Review of noncancer health benefits. J Altern Complement Med. 2005; 11:
521-528.

Cabrera C, Artacho R, Giménez R. Beneficial effects of green tea--a review.
J Am Coll Nutr. 2006; 25: 79-99.

Basu A, Lucas EA. Mechanisms and effects of green tea on cardiovascular
health. Nutr Rev. 2007; 65: 361-375.

Wu CD, Wei GX. Tea as a functional food for oral health. Nutrition. 2002; 18:
443-444.

Higdon JV, Frei B. Tea catechins and polyphenols: health effects, metabolism,
and antioxidant functions. Crit Rev Food Sci Nutr. 2003; 43: 89-143.

Cabrera C, Giménez R, Lépez MC. Determination of tea components with
antioxidant activity. J Agric Food Chem. 2003; 51: 4427-4435.

Gulston MK, Titman CM, Griffin JL. Applications of metabolomics to
understanding obesity in mouse and man. Biomark Med. 2007; 1: 575-582.

Goldfein JA, Walsh BT, LaChaussée JL, Kissileff HR, Devlin MJ. Eating
behavior in binge eating disorder. Int J Eat Disord. 1993; 14: 427-431.

Gibbs J, Young RC, Smith GP. Cholecystokinin decreases food intake in rats.
J Comp Physiol Psychol. 1973; 84: 488-495.

Stice E, Spoor S, Bohon C, Veldhuizen MG, Small DM. Relation of reward
from food intake and anticipated food intake to obesity: a functional magnetic
resonance imaging study. J Abnorm Psychol. 2008; 117: 924-935.

McGuire MT, Wing RR, Klem ML, Lang W, Hill JO. What predicts weight
regain in a group of successful weight losers?. J Consult Clin Psychol. 1999;
67:177-185.

Liao S, Kao YH, Dang MT, Song C, Fukuchi J, Kokontis JM, Hiipakka
RA. Molecular basis for medicinal actions of androgens and green tea
epigallocatechin gallate. Drug Discovery and Traditional Chinese Medicine.
2001; 89-96.

Boon N. Health potential for functional green teas? Int J Vitam Nutr Res.
2008; 78: 275-281.

Konig M, Bulik S, Holzhitter HG. Quantifying the contribution of the liver to

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

glucose homeostasis: a detailed kinetic model of human hepatic glucose
metabolism. PLoS Comput Biol. 2012; 8: e1002577.

Serkova NJ, Jackman M, Brown JL, Liu T, Hirose R, Roberts JP. Metabolic
profiling of livers and blood from obese Zucker rats. J Hepatol. 2006; 44:
956-962.

Koh LW, Wong LL, Loo YY, Kasapis S, Huang D. Evaluation of different teas
against starch digestibility by mammalian glycosidases. J Agric Food Chem.
2010; 58: 148-154.

Hara K, Ohara M, Hayashi I, Hino T, Nishimura R, lwasaki Y, et al. The green
tea polyphenol (-)-epigallocatechin gallate precipitates salivary proteins
including alpha-amylase: biochemical implications for oral health. Eur J Oral
Sci. 2012; 120: 132-139.

. Westerterp-Plantenga M, Diepvens K, Joosen AM, Bérubé-Parent S,

Tremblay A. Metabolic effects of spices, teas, and caffeine. Physiol Behav.
2006; 89: 85-91.

Forester SC, Gu Y, Lambert JD. Inhibition of starch digestion by the green
tea polyphenol, (-)-epigallocatechin-3-gallate. Mol Nutr Food Res. 2012; 56:
1647-1654.

Laaksonen DE, Lakka TA, Lakka HM, Nyyssonen K, Rissanen T, Niskanen
LK. Serum fatty acid composition predicts development of impaired fasting
glycaemia and diabetes in middle-aged men. Diabet Med. 2002; 19: 456-464.

Green R, Kwok S, Durrington PN. Preventing cardiovascular disease in
hypertension: effects of lowering blood pressure and cholesterol. QIM. 2002;
95: 821-826.

Kim HJ, Kim JH, Noh S, Hur HJ, Sung MJ, Hwang JT. Metabolomic analysis
of livers and serum from high-fat diet induced obese mice. J Proteome Res.
2011; 10: 722-731.

Tian WX, Li LC, Wu XD, Chen CC. Weight reduction by Chinese medicinal
herbs may be related to inhibition of fatty acid synthase. Life Sci. 2004; 74:
2389-2399.

Kim HJ, Jeon SM, Lee MK, Jung UJ, Shin SK, Choi MS. Antilipogenic effect
of green tea extract in C57BL/6J-Lep ob/ob mice. Phytother Res. 2009; 23:
467-471.

Chantre P, Lairon D. Recent findings of green tea extract AR25 (Exolise) and
its activity for the treatment of obesity. Phytomedicine. 2002; 9: 3-8.

Juhel C, Armand M, Pafumi Y, Rosier C, Vandermander J, Lairon D. Green
tea extract (AR25) inhibits lipolysis of triglycerides in gastric and duodenal
medium in vitro. J Nutr Biochem. 2000; 11: 45-51.

.Wang S, Noh SK, Koo SI. Epigallocatechin gallate and caffeine differentially

inhibit the intestinal absorption of cholesterol and fat in ovariectomized rats. J
Nutr. 2006; 136: 2791-2796.

Koo SI, Noh SK. Green tea as inhibitor of the intestinal absorption of lipids:
potential mechanism for its lipid-lowering effect. J Nutr Biochem. 2007; 18:
179-183.

Loest HB, Noh SK, Koo SI. Green tea extract inhibits the lymphatic absorption
of cholesterol and alpha-tocopherol in ovariectomized rats. J Nutr. 2002; 132:
1282-1288.

Yang TTC, Koo MWL. Chinese green tea lowersc holesteroll evel through an
increase in fecal lipid excretion. Life Sciences. 2000; 66: 411-423.

Kreier F, Yilmaz A, Kalsbeek A, Romijn JA, Sauerwein HP, Fliers E.
Hypothesis: shifting the equilibrium from activity to food leads to autonomic
unbalance and the metabolic syndrome. Diabetes. 2003; 52: 2652-2656.

Snitker S, Macdonald I, Ravussin E, Astrup A. The sympathetic nervous
system and obesity: role in aetiology and treatment. Obes Rev. 2000; 1: 5-15.

Eikelis N, Esler M. The neurobiology of human obesity. Exp Physiol. 2005;
90: 673-682.

Dulloo G, Seydoux J, Girardier L, Chantre P, Vandermander J. Green tea
and thermogenesis: interactions between catechinpolyphenols, caffeine and
sympathetic activity. Int J Obes Relat Metab Disord. 2000; 24: 252-258.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Med 1(3): id1011 (2014) - Page - 09


http://www.ncbi.nlm.nih.gov/pubmed/15084221
http://www.ncbi.nlm.nih.gov/pubmed/15084221
http://www.ncbi.nlm.nih.gov/pubmed/14972057
http://www.ncbi.nlm.nih.gov/pubmed/14972057
http://www.ncbi.nlm.nih.gov/pubmed/14972057
http://www.ncbi.nlm.nih.gov/pubmed/17122358
http://www.ncbi.nlm.nih.gov/pubmed/17122358
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.ncbi.nlm.nih.gov/pubmed/9178120
http://www.ncbi.nlm.nih.gov/pubmed/9178120
http://www.ncbi.nlm.nih.gov/pubmed/9178120
http://link.springer.com/article/10.1186%2F1471-2458-12-354
http://link.springer.com/article/10.1186%2F1471-2458-12-354
http://link.springer.com/article/10.1186%2F1471-2458-12-354
http://www.lef.org/
http://www.ncbi.nlm.nih.gov/pubmed/11795518
http://www.ncbi.nlm.nih.gov/pubmed/11795518
http://www.ncbi.nlm.nih.gov/pubmed/11795518
http://www.ncbi.nlm.nih.gov/pubmed/20370896
http://www.ncbi.nlm.nih.gov/pubmed/20370896
http://www.ncbi.nlm.nih.gov/pubmed/16840650
http://www.ncbi.nlm.nih.gov/pubmed/16840650
http://www.ncbi.nlm.nih.gov/pubmed/16840650
http://www.ncbi.nlm.nih.gov/pubmed/16840650
http://www.ncbi.nlm.nih.gov/pubmed/15992239
http://www.ncbi.nlm.nih.gov/pubmed/15992239
http://www.ncbi.nlm.nih.gov/pubmed/15992239
http://www.ncbi.nlm.nih.gov/pubmed/16582024
http://www.ncbi.nlm.nih.gov/pubmed/16582024
http://www.ncbi.nlm.nih.gov/pubmed/17867370
http://www.ncbi.nlm.nih.gov/pubmed/17867370
http://www.ncbi.nlm.nih.gov/pubmed/11985958
http://www.ncbi.nlm.nih.gov/pubmed/11985958
http://www.ncbi.nlm.nih.gov/pubmed/12587987
http://www.ncbi.nlm.nih.gov/pubmed/12587987
http://www.ncbi.nlm.nih.gov/pubmed/12848521
http://www.ncbi.nlm.nih.gov/pubmed/12848521
http://www.ncbi.nlm.nih.gov/pubmed/20477375
http://www.ncbi.nlm.nih.gov/pubmed/20477375
http://www.ncbi.nlm.nih.gov/pubmed/8293024
http://www.ncbi.nlm.nih.gov/pubmed/8293024
http://www.ncbi.nlm.nih.gov/pubmed/4745816
http://www.ncbi.nlm.nih.gov/pubmed/4745816
http://www.ncbi.nlm.nih.gov/pubmed/19025237
http://www.ncbi.nlm.nih.gov/pubmed/19025237
http://www.ncbi.nlm.nih.gov/pubmed/19025237
http://www.ncbi.nlm.nih.gov/pubmed/10224727
http://www.ncbi.nlm.nih.gov/pubmed/10224727
http://www.ncbi.nlm.nih.gov/pubmed/10224727
http://link.springer.com/chapter/10.1007%2F978-1-4615-1455-8_10
http://link.springer.com/chapter/10.1007%2F978-1-4615-1455-8_10
http://link.springer.com/chapter/10.1007%2F978-1-4615-1455-8_10
http://link.springer.com/chapter/10.1007%2F978-1-4615-1455-8_10
http://www.ncbi.nlm.nih.gov/pubmed/19685436
http://www.ncbi.nlm.nih.gov/pubmed/19685436
http://www.ncbi.nlm.nih.gov/pubmed/22761565
http://www.ncbi.nlm.nih.gov/pubmed/22761565
http://www.ncbi.nlm.nih.gov/pubmed/22761565
http://www.ncbi.nlm.nih.gov/pubmed/16223541
http://www.ncbi.nlm.nih.gov/pubmed/16223541
http://www.ncbi.nlm.nih.gov/pubmed/16223541
http://www.ncbi.nlm.nih.gov/pubmed/20050703
http://www.ncbi.nlm.nih.gov/pubmed/20050703
http://www.ncbi.nlm.nih.gov/pubmed/20050703
http://www.ncbi.nlm.nih.gov/pubmed/22409219
http://www.ncbi.nlm.nih.gov/pubmed/22409219
http://www.ncbi.nlm.nih.gov/pubmed/22409219
http://www.ncbi.nlm.nih.gov/pubmed/22409219
http://www.ncbi.nlm.nih.gov/pubmed/16580033
http://www.ncbi.nlm.nih.gov/pubmed/16580033
http://www.ncbi.nlm.nih.gov/pubmed/16580033
http://www.ncbi.nlm.nih.gov/pubmed/23038646
http://www.ncbi.nlm.nih.gov/pubmed/23038646
http://www.ncbi.nlm.nih.gov/pubmed/23038646
http://www.ncbi.nlm.nih.gov/pubmed/12060056
http://www.ncbi.nlm.nih.gov/pubmed/12060056
http://www.ncbi.nlm.nih.gov/pubmed/12060056
http://www.ncbi.nlm.nih.gov/pubmed/12454325
http://www.ncbi.nlm.nih.gov/pubmed/12454325
http://www.ncbi.nlm.nih.gov/pubmed/12454325
http://www.ncbi.nlm.nih.gov/pubmed/21047143
http://www.ncbi.nlm.nih.gov/pubmed/21047143
http://www.ncbi.nlm.nih.gov/pubmed/21047143
http://www.ncbi.nlm.nih.gov/pubmed/14998716
http://www.ncbi.nlm.nih.gov/pubmed/14998716
http://www.ncbi.nlm.nih.gov/pubmed/14998716
http://www.ncbi.nlm.nih.gov/pubmed/19051209
http://www.ncbi.nlm.nih.gov/pubmed/19051209
http://www.ncbi.nlm.nih.gov/pubmed/19051209
http://www.ncbi.nlm.nih.gov/pubmed/11924761
http://www.ncbi.nlm.nih.gov/pubmed/11924761
http://www.ncbi.nlm.nih.gov/pubmed/15539342
http://www.ncbi.nlm.nih.gov/pubmed/15539342
http://www.ncbi.nlm.nih.gov/pubmed/15539342
http://www.ncbi.nlm.nih.gov/pubmed/17056802
http://www.ncbi.nlm.nih.gov/pubmed/17056802
http://www.ncbi.nlm.nih.gov/pubmed/17056802
http://www.ncbi.nlm.nih.gov/pubmed/17296491
http://www.ncbi.nlm.nih.gov/pubmed/17296491
http://www.ncbi.nlm.nih.gov/pubmed/17296491
http://www.ncbi.nlm.nih.gov/pubmed/12042447
http://www.ncbi.nlm.nih.gov/pubmed/12042447
http://www.ncbi.nlm.nih.gov/pubmed/12042447
http://www.ncbi.nlm.nih.gov/pubmed/14578282
http://www.ncbi.nlm.nih.gov/pubmed/14578282
http://www.ncbi.nlm.nih.gov/pubmed/14578282
http://www.ncbi.nlm.nih.gov/pubmed/12119646
http://www.ncbi.nlm.nih.gov/pubmed/12119646
http://www.ncbi.nlm.nih.gov/pubmed/16105936
http://www.ncbi.nlm.nih.gov/pubmed/16105936
http://www.ncbi.nlm.nih.gov/pubmed/10702779
http://www.ncbi.nlm.nih.gov/pubmed/10702779
http://www.ncbi.nlm.nih.gov/pubmed/10702779

Rokia Al-salafi

Austin Publishing Group

50.

51.

52.

53.

54,

55.

56.

57

58.

59.

60

61.

62.

63.

64.

65.

66.

67.

68.

Cornelis MC, EI-Sohemy A, Campos H. Genetic polymorphism of the
adenosine A2A receptor is associated with habitual caffeine consumption.
Am J Clin Nutr. 2007; 86: 240-244.

Dulloo AG, Duret C, Rohrer D, Girardier L, Mensi N, Fathi M. 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.

Hursel R, Viechtbauer W, Westerterp-Plantenga MS. The effects of green tea
on weight loss and weight maintenance: a meta-analysis. Int J Obes (Lond).
2009; 33: 956-961.

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.

Rumpler W, Seale J, Clevidence B, Judd J, Wiley E, Yamamoto S. Oolong
tea increases metabolic rate and fat oxidation in men. J Nutr. 2001; 131:
2848-2852.

Harada U, Chikama A, Saito S, Takase H, Nagao T, Hase T, et al. “Effects
of long-term ingestion of tea catechins on energy expenditure and dietary fat
oxidation in healthy subjects,” Journal of Health Sciences. 2005; 51: 248-252.

Rudelle S, Ferruzzi MG, Cristiani I, Moulin J, Macé K, Acheson KJ. Effect of
a thermogenic beverage on 24-hour energy metabolism in humans. Obesity
(Silver Spring). 2007; 15: 349-355.

. Gregersen NT, Bitz C, Krog-Mikkelsen |, Hels O, Kovacs EM, Rycroft JA.

Effect of moderate intakes of different tea catechins and caffeine on acute
measures of energy metabolism under sedentary conditions. Br J Nutr. 2009;
102: 1187-1194.

Boschmann M, Thielecke F. The effects of epigallocatechin-3-gallate on
thermogenesis and fat oxidation in obese men: a pilot study. J Am Coll Nutr.
2007, 26: 389S-395S.

Thielecke F, Rahn G, Bohnke J, Adams F, Birkenfeld AL, Jordan J.
Epigallocatechin-3-gallate and postprandial fat oxidation in overweight/obese
male volunteers: a pilot study. Eur J Clin Nutr. 2010; 64: 704-713.

.Lonac MC, Richards JC, Schweder MM, Johnson TK, Bell C. Influence of

short-term consumption of the caffeine-free, epigallocatechin-3-gallate
supplement, Teavigo, on resting metabolism and the thermic effect of
feeding. Obesity (Silver Spring). 2011; 19: 298-304.

Bérubé-Parent S, Pelletier C, Doré 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.

Komatsu T, Nakamori M, Komatsu K, Hosoda K, Okamura M, Toyama K.
Oolong tea increases energy metabolism in Japanese females. J Med Invest.
2003; 50: 170-175.

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

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.

Auvichayapat P, Prapochanung M, Tunkamnerdthai O, Sripanidkulchai B,
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.

Kajimoto O, Kajimoto Y, Yabune M, Nakamura T, Kotani K. et al. Tea
catechins with a galloyl moiety reduce body weight and fat. Journal of Health
Sciences. 2005; 51: 161-171.

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.

Wang H, Wen Y, Du Y, Yan X, Guo H, Rycroft JA. Effects of catechin enriched
green tea on body composition. Obesity (Silver Spring). 2010; 18: 773-779.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Zhang Y, Yu Y, Li X, Meguro S, Hayashi S, Katashima M, et al. Effects of
catechin-enriched green tea beverage on visceral fat loss in adults with a high
proportion of visceral fat: a double-blind, placebo-controlled, randomized trial.
Journal of Functional Foods. 2012; 4: 315-322.

Yoneda T, Shoji K, Takase H, Hibi M, Hase T, Meguro S. Effectiveness and
safety of 1-year ad libitum consumption of a high-catechin beverage under
nutritional guidance. Metab Syndr Relat Disord. 2009; 7: 349-356.

Al-Naggar RA, Osman MT, Abdulghani M. Effects of green tea on the body
weight of malaysian young obese females: single blind clinical trial study.
Research Journal of Pharmaceutical, Biological and Chemical Sciences.
2013; 4: 1649-1655.

Basu A, Sanchez MJ, Leyva M, Wu M, Betts NM, Aston CE, et al. Green tea
supplementation affects body weight, lipids, and lipid peroxidation in obese
subjects with metabolic syndrome. J Am Coll Nutr. 2010; 29: 31-40.

Kozuma K, Chikama A, Hishino E, et al. Effect of intake of a beverage
containing 540 mg catechins on the body composition of obese women and
men. Prog Med. 2005; 25: 185-197.

Suzuki Y, Nozawa A, Miyamoto S, Sagesaka YM, Azuma M, Kajimoto Y.
“Reduction of visceral fat in overweight female volunteers by long-term
ingestion of tea catechins with a galloyl moiety-A randomized double-blind
placebo-controlled study,” Japanese Pharmacology and Therapeutics. 2009;
37:521-527.

Takase H, Nagao T, Otsuka K, Kozuma K, Kataoka K, Meguro S, Komikado
M, Tokimitsu |. Effects of long-term ingestion of tea catechins on visceral
fat accumulation and metabolic syndrome: pooling-analysis of 7 randomized
controlled trials. Jpn Pharmacol Ther. 2008; 36: 509-514.

Takeshita M, Takashima S, Harada U, Shibata E, Hosoya N, Takase H, et al.
Effects of long-term consumption of tea catechins-enriched beverage with no
caffeine on body composition in humans. Yakuri to chiryo. 2008; 36: 767-776.

Ch-Huing Tsai, Wan-Chen Chiu, Nae-Cherng Yang, Chung-Mei Ouyang,
Yue-Horng Yen. A novel green tea meal replacement formula for weight loss
among obese individuals: a randomized controlled clinical trial. Internation
Journal of Food Sciences and Nutrition. 2009; 60: 151-159.

He RR, Chen L, Lin BH, Matsui Y, Yao XS, Kurihara H. Beneficial effects
of oolong tea consumption on diet-induced overweight and obese subjects.
Chin J Integr Med. 2009; 15: 34-41.

Tokunaga S, White IR, Frost C, Tanaka K, Kono S, Tokudome S. Green
tea consumption and serum lipids and lipoproteins in a population of healthy
workers in Japan. Ann Epidemiol. 2002; 12: 157-165.

Tsuchida T, Itakura H, Nakamura H. Reduction of body fat in humans by
long-term ingestion of catechins. Progress in Medicine. 2002; 9: 2189-2203.

Ota N, Soga S, Shimotoyodome A, Inaba M, Murase T, Tokimitsu I. Effects
of combination of regular exercise and tea catechins intake on energy
expenditure in humans. Journal of Health Sciences. 2005; 51: 233-236.

Hill AM, Coates AM, Buckley JD, Ross R, Thielecke F, Howe PR. Can
EGCG reduce abdominal fat in obese subjects? J Am Coll Nutr. 2007; 26:
396S-402S.

Venables MC, Hulston CJ, Cox HR, Jeukendrup AE. Green tea extract
ingestion, fat oxidation, and glucose tolerance in healthy humans. Am J Clin
Nutr. 2008; 87: 778-784.

Maki KC, Reeves MS, Farmer M, Yasunaga K, Matsuo N, Katsuragi Y, et al.
Green tea catechin consumption enhances exercise-induced abdominal fat
loss in overweight and obese adults. Journal of Nutrition, 2009; 139: 264-270.

Ichinose T, Nomura S, Someya Y, Akimoto S, Tachiyashiki K, Imaizumi
K. Effect of endurance training supplemented with green tea extract on
substrate metabolism during exercise in humans. Scand J Med Sci Sports.
2011, 21: 598-605.

Takashima S, Kataoka K, Shibata E, Hoshino E. The long term intake of
catechins improves lipid catabolism during exercise. Progress in Medicine.
2004; 24: 3371-3379.

Kataoka K, Takashima S, Shibata E , Hoshino E. Body fat reduction by the

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Med 1(3): id1011 (2014) - Page - 010


http://www.ncbi.nlm.nih.gov/pubmed/17616786
http://www.ncbi.nlm.nih.gov/pubmed/17616786
http://www.ncbi.nlm.nih.gov/pubmed/17616786
http://www.ncbi.nlm.nih.gov/pubmed/10584049
http://www.ncbi.nlm.nih.gov/pubmed/10584049
http://www.ncbi.nlm.nih.gov/pubmed/10584049
http://www.ncbi.nlm.nih.gov/pubmed/10584049
http://www.ncbi.nlm.nih.gov/pubmed/19597519
http://www.ncbi.nlm.nih.gov/pubmed/19597519
http://www.ncbi.nlm.nih.gov/pubmed/19597519
http://www.ncbi.nlm.nih.gov/pubmed/17201629
http://www.ncbi.nlm.nih.gov/pubmed/17201629
http://www.ncbi.nlm.nih.gov/pubmed/17201629
http://www.ncbi.nlm.nih.gov/pubmed/11694607
http://www.ncbi.nlm.nih.gov/pubmed/11694607
http://www.ncbi.nlm.nih.gov/pubmed/11694607
http://jhs.pharm.or.jp/data/51(2)/51_248.pdf
http://jhs.pharm.or.jp/data/51(2)/51_248.pdf
http://jhs.pharm.or.jp/data/51(2)/51_248.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17299107
http://www.ncbi.nlm.nih.gov/pubmed/17299107
http://www.ncbi.nlm.nih.gov/pubmed/17299107
http://www.ncbi.nlm.nih.gov/pubmed/19445822
http://www.ncbi.nlm.nih.gov/pubmed/19445822
http://www.ncbi.nlm.nih.gov/pubmed/19445822
http://www.ncbi.nlm.nih.gov/pubmed/19445822
http://www.ncbi.nlm.nih.gov/pubmed/17906192
http://www.ncbi.nlm.nih.gov/pubmed/17906192
http://www.ncbi.nlm.nih.gov/pubmed/17906192
http://www.ncbi.nlm.nih.gov/pubmed/20372175
http://www.ncbi.nlm.nih.gov/pubmed/20372175
http://www.ncbi.nlm.nih.gov/pubmed/20372175
http://www.ncbi.nlm.nih.gov/pubmed/20725062
http://www.ncbi.nlm.nih.gov/pubmed/20725062
http://www.ncbi.nlm.nih.gov/pubmed/20725062
http://www.ncbi.nlm.nih.gov/pubmed/20725062
http://www.ncbi.nlm.nih.gov/pubmed/16176615
http://www.ncbi.nlm.nih.gov/pubmed/16176615
http://www.ncbi.nlm.nih.gov/pubmed/16176615
http://www.ncbi.nlm.nih.gov/pubmed/16176615
http://www.ncbi.nlm.nih.gov/pubmed/13678386
http://www.ncbi.nlm.nih.gov/pubmed/13678386
http://www.ncbi.nlm.nih.gov/pubmed/13678386
http://www.ncbi.nlm.nih.gov/pubmed/18468736
http://www.ncbi.nlm.nih.gov/pubmed/18468736
http://www.ncbi.nlm.nih.gov/pubmed/18468736
http://www.ncbi.nlm.nih.gov/pubmed/18006026
http://www.ncbi.nlm.nih.gov/pubmed/18006026
http://www.ncbi.nlm.nih.gov/pubmed/18006026
http://www.ncbi.nlm.nih.gov/pubmed/18006026
http://jhs.pharm.or.jp/data/51(2)/51_161.pdf
http://jhs.pharm.or.jp/data/51(2)/51_161.pdf
http://jhs.pharm.or.jp/data/51(2)/51_161.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17557985
http://www.ncbi.nlm.nih.gov/pubmed/17557985
http://www.ncbi.nlm.nih.gov/pubmed/17557985
http://www.ncbi.nlm.nih.gov/pubmed/19680234
http://www.ncbi.nlm.nih.gov/pubmed/19680234
http://www.sciencedirect.com/science/article/pii/S1756464611001162
http://www.sciencedirect.com/science/article/pii/S1756464611001162
http://www.sciencedirect.com/science/article/pii/S1756464611001162
http://www.sciencedirect.com/science/article/pii/S1756464611001162
http://www.ncbi.nlm.nih.gov/pubmed/19558270
http://www.ncbi.nlm.nih.gov/pubmed/19558270
http://www.ncbi.nlm.nih.gov/pubmed/19558270
http://www.rjpbcs.com/pdf/2013_4(2)/%5b180%5d.pdf
http://www.rjpbcs.com/pdf/2013_4(2)/%5b180%5d.pdf
http://www.rjpbcs.com/pdf/2013_4(2)/%5b180%5d.pdf
http://www.rjpbcs.com/pdf/2013_4(2)/%5b180%5d.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20595643
http://www.ncbi.nlm.nih.gov/pubmed/20595643
http://www.ncbi.nlm.nih.gov/pubmed/20595643
http://cat.inist.fr/?aModele=afficheN&cpsidt=20688673
http://cat.inist.fr/?aModele=afficheN&cpsidt=20688673
http://cat.inist.fr/?aModele=afficheN&cpsidt=20688673
http://informahealthcare.com/doi/abs/10.1080/09637480903136667
http://informahealthcare.com/doi/abs/10.1080/09637480903136667
http://informahealthcare.com/doi/abs/10.1080/09637480903136667
http://informahealthcare.com/doi/abs/10.1080/09637480903136667
http://www.ncbi.nlm.nih.gov/pubmed/19271168
http://www.ncbi.nlm.nih.gov/pubmed/19271168
http://www.ncbi.nlm.nih.gov/pubmed/19271168
http://www.ncbi.nlm.nih.gov/pubmed/11897173
http://www.ncbi.nlm.nih.gov/pubmed/11897173
http://www.ncbi.nlm.nih.gov/pubmed/11897173
http://www.teavigoinfo.com/pdf/study-22.pdf
http://www.teavigoinfo.com/pdf/study-22.pdf
http://jhs.pharm.or.jp/data/51(2)/51_233.pdf
http://jhs.pharm.or.jp/data/51(2)/51_233.pdf
http://jhs.pharm.or.jp/data/51(2)/51_233.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17906193
http://www.ncbi.nlm.nih.gov/pubmed/17906193
http://www.ncbi.nlm.nih.gov/pubmed/17906193
http://www.ncbi.nlm.nih.gov/pubmed/18326618
http://www.ncbi.nlm.nih.gov/pubmed/18326618
http://www.ncbi.nlm.nih.gov/pubmed/18326618
http://www.ncbi.nlm.nih.gov/pubmed/19074207
http://www.ncbi.nlm.nih.gov/pubmed/19074207
http://www.ncbi.nlm.nih.gov/pubmed/19074207
http://www.ncbi.nlm.nih.gov/pubmed/20459475
http://www.ncbi.nlm.nih.gov/pubmed/20459475
http://www.ncbi.nlm.nih.gov/pubmed/20459475
http://www.ncbi.nlm.nih.gov/pubmed/20459475
http://www.epistemonikos.org/en/documents/f3dd8088ffc3d570914895d14ee4a865f9f316b9#document
http://www.epistemonikos.org/en/documents/f3dd8088ffc3d570914895d14ee4a865f9f316b9#document
http://www.epistemonikos.org/en/documents/f3dd8088ffc3d570914895d14ee4a865f9f316b9#document

Rokia Al-salafi

Austin Publishing Group

long term intake of catechins and the effects of physical activity. Prog Med.
2004, 24: 3358-3370.

8

[oe]

. Eichenberger P, Colombani PC, Mettler S. Effects of 3-week consumption
of green tea extracts on whole-body metabolism during cycling exercise
in endurance-trained men. International Journal for Vitamin and Nutrition
Research. 2009; 79: 24-33.

89. Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka Y. Ingestion of a
tea rich in catechins leads to a reduction in body fat and malondialdehyde-
modified LDL in men. Am J Clin Nutr. 2005; 81: 122-129.

90. 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.

91. Diepvens K, Kovacs EM, Vogels N, Westerterp-Plantenga MS. Metabolic
effects of green tea and of phases of weight loss. Physiol Behav. 2006; 87:
185-191.

92.

93.

94.

95.

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

Westerterp-Plantenga MS, Lejeune MP, Kovacs EM. Body weight loss and
weight maintenance in relation to habitual caffeine intake and green tea
supplementation. Obes Res. 2005; 13: 1195-1204.

Brown AL, Lane J, Holyoak C, Nicol B, Mayes AE, Dadd T. Health effects of
green tea catechins in overweight and obese men: a randomised controlled
cross-over trial. Br J Nutr. 2011; 106: 1880-1889.

Matsuyama T, Tanaka Y, Kamimaki I, Nagao T, Tokimitsu |. Catechin safely
improved higher levels of fatness, blood pressure, and cholesterol in children.
Obesity (Silver Spring). 2008; 16: 1338-1348.

Austin J Clin Med - Volume 1 Issue 3 - 2014
ISSN : 2381-9146 | www.austinpublishinggroup.com
Al-salafi et al. © All rights are reserved

Citation: Al-salafe R, Irshad M, Abdulghani HM. Does Green Tea Help to Fight against Obesity? An Overview of
the Epidemiological Reports. Austin J Clin Med. 2014;1(3): 1011.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Med 1(3): id1011 (2014) - Page - O11


http://www.researchgate.net/publication/38020138_Effects_of_3-week_consumption_of_green_tea_extracts_on_whole-body_metabolism_during_cycling_exercise_in_endurance-trained_men
http://www.researchgate.net/publication/38020138_Effects_of_3-week_consumption_of_green_tea_extracts_on_whole-body_metabolism_during_cycling_exercise_in_endurance-trained_men
http://www.researchgate.net/publication/38020138_Effects_of_3-week_consumption_of_green_tea_extracts_on_whole-body_metabolism_during_cycling_exercise_in_endurance-trained_men
http://www.researchgate.net/publication/38020138_Effects_of_3-week_consumption_of_green_tea_extracts_on_whole-body_metabolism_during_cycling_exercise_in_endurance-trained_men
http://www.ncbi.nlm.nih.gov/pubmed/15640470
http://www.ncbi.nlm.nih.gov/pubmed/15640470
http://www.ncbi.nlm.nih.gov/pubmed/15640470
http://www.ncbi.nlm.nih.gov/pubmed/16351782
http://www.ncbi.nlm.nih.gov/pubmed/16351782
http://www.ncbi.nlm.nih.gov/pubmed/16351782
http://www.ncbi.nlm.nih.gov/pubmed/16277999
http://www.ncbi.nlm.nih.gov/pubmed/16277999
http://www.ncbi.nlm.nih.gov/pubmed/16277999
http://www.ncbi.nlm.nih.gov/pubmed/15005829
http://www.ncbi.nlm.nih.gov/pubmed/15005829
http://www.ncbi.nlm.nih.gov/pubmed/15005829
http://www.ncbi.nlm.nih.gov/pubmed/16076989
http://www.ncbi.nlm.nih.gov/pubmed/16076989
http://www.ncbi.nlm.nih.gov/pubmed/16076989
http://www.ncbi.nlm.nih.gov/pubmed/21736785
http://www.ncbi.nlm.nih.gov/pubmed/21736785
http://www.ncbi.nlm.nih.gov/pubmed/21736785
http://www.ncbi.nlm.nih.gov/pubmed/18356827
http://www.ncbi.nlm.nih.gov/pubmed/18356827
http://www.ncbi.nlm.nih.gov/pubmed/18356827

	Title
	Abstract
	Introduction
	Green Tea Composition 
	Mechanism of antiobesity action of the green tea
	Efect of green tea on energy expenditure (ee) and fat oxidation
	Effects of green tea on the body composition
	Green tea with moderate exercise
	Green tea with control energy diet
	Green tea during weight maintenance
	Green tea in the subjects with sedentary life style
	Green tea in obese children

	Conclusion
	References

