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ABSTRACT Green tea has been shown to have thermogenic and antiobesity properties. Therefore, it is important to

investigate its effect on weight loss in humans, especially in women. We investigated the effects of green tea consumption

combined with resistance training on the body composition and the resting metabolic rate (RMR) in women who were

overweight or obese (grade I). After 4 weeks on an adaptive diet, 36 women were divided into four groups (group 1, green tea;

group 2, placebo; group 3, green tea plus resistance training; group 4, placebo plus resistance training). The study was double-

blinded and placebo-controlled. The RMR and body composition were ascertained for each volunteer, blood tests were

performed, and subjects in groups 3 and 4 were tested for their one repetition maximum. Each subject followed the protocol

and continued the diet for eight additional weeks, and periodic evaluations were administered. The mean RMR of group 1

decreased significantly and was accompanied by weight loss, maintenance of lean body mass, and decreases in both waist

circumference and body mass index. Group 2 showed no variations in anthropometric or blood variables and significantly

decreased their mean RMR. Group 3 showed significant increases in RMR, lean body mass, and muscle strength, and

significant decreases in body fat, triglycerides, and waist circumference as compared to group 4. Green tea combined with

resistance training its potential is increased with decreasing body fat, waist circumference, and triacylglyceride levels and by

increasing lean body mass and muscle strength.
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INTRODUCTION

Obesity rates are increasing, and as a result, several
studies have investigated the effects of green tea on

weight loss due to fat oxidation1–8 and the decreased absorption
and digestion of lipids.9–11 The weight loss or maintenance
promoted by green tea (derived from the leaves of Camellia
sinensis) is due to the catechins and caffeine contained in the tea,
which increase energy expenditure and body fat oxidation.12,13

Green tea affects the sympathetic nervous system (SNS).
The catechins found in tea can inhibit the enzyme catechol
O-methyltransferase, which contributes to the degradation
of the neurotransmitter norepinephrine. When this neuro-
transmitter is not degraded, fat oxidation and thermogenesis
increase.1 The catechins in green tea may also cause apo-
ptosis in 3T3-L1 preadipocytes.14–17

Exercise and a healthy diet that includes functional
foods is important to maintain a good quality of life be-
cause both exercise and a healthy diet help to increase
metabolism.18 Some studies have shown that the thermo-
genic effects of green tea are enhanced if combined
with exercise; this association further increases energy
expenditure, which increases metabolism and promotes
weight loss.18,19

Due to the previously mentioned studies and as a result of
increasing obesity rates, it is important to study the effects of
green tea in overweight or obese (grade I) women and to
evaluate the effects of green tea when coupled with resis-
tance training. This study aimed to compare the resting
metabolic rate (RMR) and body composition of the specified
group before and after green tea consumption.

SUBJECTS, MATERIALS, AND METHODS

Subjects

This study included 36 women who were recruited
through brochures, newspaper announcements, and local
television advertisements. All of the women in this study
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Agroindústria, Alimentos e Nutrição, Escola Superior de Agricultura ‘‘Luiz de Queiroz,’’
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were informed about the research objectives and signed
an informed consent document for voluntary participation in
the study.

The selected women were sedentary, aged 20 to 40 years,
and overweight or obese (body mass index [BMI] 25–35 kg/
m2). The study excluded women with thyroid problems,
smokers, alcoholics, pregnant women, nursing mothers, ath-
letes, and those taking diet or weight loss drugs or phyto-
chemicals. To exclude women with these conditions, we
performed a health assessment that included a clinical history.
The project was approved by the Ethics Committee on Human
Research of the Luiz de Queiroz College of Agriculture
(ESALQ) of the University of São Paulo (USP; Piracicaba,
SP, Brazil), and it was assigned protocol number 48.

Experimental design

For a period of 4 weeks, the volunteers ate 1200 kcal/day
based on individual dietary habits; there was no other source
of polyphenols in the diet except the green tea. This period
was necessary for the metabolic adaptation of the volun-
teers, since it is during this time that weight loss occurs
followed by its stabilization. Therefore, the weight loss that
would occur after this period would be due to green tea
consumption. This was necessary to ensure that the meta-
bolic diversity of the subjects did not interfere with the re-
sults. After this period, the subjects were divided into four
groups: 1 (green tea), 2 (placebo), 3 (green tea plus resis-
tance training), and 4 (placebo plus resistance training).

The following assessments were performed before be-
ginning the protocol: biochemical analyses (glucose, total
cholesterol, low-density lipoprotein [LDL], very low–
density lipoprotein [VLDL], high-density lipoprotein
[HDL], triacylglycerides , creatinine, insulin, and C-reactive
protein [CRP]), assessment of body composition (weight,
height, BMI, waist circumference, and bioelectrical im-
pedance [lean body mass, body fat mass, and body fat per-
centage]), RMR, and for groups 3 and 4, a one repetition
maximum (1RM). The protocols were followed for 8 weeks,
and the base diet was continued. All these variables were
measured again at the end of this period.

The subjects maintained a food diary throughout the
study. All assessments were conducted by a physical edu-
cation teacher and a doctor who specializes in sports med-
icine and nutrition.

Food studied

During the 8-week period, all volunteers consumed 20 g of
either green tea or placebo per day (10 g at 10:00 a.m. and 10 g
at 4:00 p.m., diluted in 200 mL of ice water). The times were
standardized to avoid possible interference with the results.

Both the green tea and the placebo were weighed, sealed,
and packaged at the pilot plant of the Department of
Agroindustry, Food, and Nutrition, ESALQ. The volunteers
were given the correct dosage (10 g) by the researchers. The
packages were delivered every 10 days for better monitoring
and control, and each volunteer received six packages of the
product by the end of the 8-week period. Each package was

labeled with a code specified by an officer of the Group of
Functional Foods (GEAF), ESALQ, and the contents were
revealed to the researchers only after the end of data col-
lection to ensure a double-blind study.

It was offered to four groups of volunteers either green tea
or placebo. The volunteers who received green tea had no
access to the placebo and the volunteers who received pla-
cebo had no access to green tea. They did not know about
the placebo, they were informed about the existence of
placebo only after the research.

The green tea and the placebo were donated by Sanavita
Industry (Piracicaba). The product was a powder, soluble in
water-based maltodextrin, of powdered green tea, orange
pulp, vitamin C, zinc, selenium, lemon flavor, chlorophyll
dye, and sucralose. The nutrition information was as fol-
lows: energy value (30 kcal = 126 kJ); carbohydrates (7.5 g);
sodium (15 mg); zinc (2.1 mg); vitamin C (13.5 mg); sele-
nium (10.2 mg); and total polyphenols (160 mg). The pla-
cebo had the same nutritional composition and the same
ingredients, with the exception of the powdered green tea;
therefore, it did not contain polyphenols. So the green tea
and the placebo had similar color, odor, texture, and taste.
The placebo had organoleptic properties indistinguishable
from the green tea itself. The green tea enriched with vita-
min C, selenium, and zinc used in the study is already
marketed. To avoid any interference in the results, the pla-
cebo also experienced the same type of enrichment, but
without the powdered green tea.

A 10-g portion of green tea had 20 mg of caffeine, and was
being ingested at a rate of 40 mg of caffeine per day (20 g of
green tea). Theobromide was detected in levels relatively
low, just traces of it when compared with the caffeine. Found
in those rates, neither caffeine nor theobromide presented
any effect on the appraised parameters, just the catechins
presented some effect in this case.1 The placebo showed no
caffeine or theobromide in its composition.

Determination of body composition and RMR

The measurement of body mass was performed using a
scale (Welmy 110 CH; Welmy Ltd.), and height was
measured with a stadiometer (Alturexata; Alturexata Ltd.).
BMI was obtained by dividing the weight by the height
squared (kg/m2). Waist circumference was obtained using a
measuring tape.

Before the measurements were taken, the volunteers fasted
from both food and water for 12 h; went to the bathroom
before testing; did not exercise or use diuretics for 24 h; did
not perform the tests during a menstrual period; did not wear
metallic accessories; and wore only light clothing. All these
precautions were taken to avoid interference with the results.

Evaluations were performed at the Laboratories of An-
thropometric Assessment and Physical Effort of the
Methodist University of Piracicaba (UNIMEP; Piracicaba).

Bioelectrical impedance. Bioelectrical impedance val-
ues were obtained for the determination of body composition.
Volunteers remained supine on a stretcher; electrodes were
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placed on the middle finger and on the articulation of the
dorsal side of the right hand and right foot, and then they were
connected to the device (BF 900; Maltron International Ltd.),
which passed an electrical current through the body to de-
termine resistance. Body composition was determined by
the equation of Gray et al.20: Body fat mass = 0.00151 · stature2

- 0.0344 · resistance + 0.14 · body mass - 0.158 · age + 20.387.
Total fat was calculated by multiplying the mass by the body fat
percentage. Lean mass was calculated by subtracting the body
fat mass from the total body mass.

Resting metabolic rate. Indirect calorimetry was used to
ascertain the RMR in a suitable environment (low light, no
noise, and a temperature of 24�C). The women were laid supine
on a gurney for 30 min before the measurements were taken.
After this period, the subjects breathed through a pneumo-
tachograph connected to a gas analyzer (Aerosport VO2000;
Medical Graphics Corporation) for the measurement of oxygen
consumption (VO2) and carbon dioxide production (VCO2) in
L/min every 20 sec for 35 min. The first 5 min were discarded
for the calculation of RMR in 24 h kcal/min. The measurements
over the subsequent 30 min were multiplied by 1440 and input
into the equation of Weir:21 Total kcal = 3.9 · VO2 + 1.1 ·
VCO2. The RMR was expressed in both absolute values (kcal/
day) and relative to body mass (kcal/[kg$h]).

One repetition maximum test

The subjects of groups 3 and 4 were tested to determine
their 1RM before and after the study period to determine a
training load of 70%.22 The apparatus used for this deter-
mination were: bench press, back pull down, and leg press
(45�). When each exercise was performed correctly, the
weight was increased. When the exercise was not performed
correctly or completely, another attempt was made at a
weight previously executed correctly to determine the 1RM.
Subjects were allowed to make up to five attempts, with up
to 3 min of rest between the repetitions.

Resistance training program

The subjects of groups 3 and 4 were subjected to a re-
sistance training program in which we employed the fol-
lowing exercises: bench press, back pull down, leg press
(45�), side lateral raises, triceps pushdown, bicep curls with
the bar, leg curls, gluteus kickback, bent-knee calf raises,
and sit-ups. Three sets of 10 repetitions of each exercise
were performed, with 60 sec of rest between the reps and the
sets, three times a week in the afternoon. The volunteers
were instructed to ingest the product (green tea or placebo)
10 min before each training session. The loads used for each
exercise were established in the first three sessions indi-
vidually.23 For the bench press, back pull down, and leg
press (45�), 70% of the 1RM was used.24 The resistance was
increased voluntarily over time.

Blood variables

Biochemical analyses were performed before and after
the study in a specialized laboratory. The biochemical tests

included measurements of the following: glucose, insulin,
total cholesterol, LDL, VLDL, HDL, TAG, creatinine, and
CRP. The volunteers fasted from both food and water for
12 h and abstained from alcohol for 24 h.

Statistical analysis

The results are expressed as means with standard devia-
tions, and they were analyzed using an analysis of variance
for class level information. To compare the variables, we
used the Tukey test with a significance level of P < .05, using
Statistical Analysis System software (SAS) version 9.0.

RESULTS

Anthropometric measurements

Table 1 shows the body composition of the subjects. In
group 1, there was a decrease in body mass, BMI, waist

Table 1. Body Composition at Baseline and at Week 8

Variable and group Baseline Week 8

Weight (kg)
Group 1 72.8 – 6.8a,B 67.1 – 7.9a,B

Group 2 81.3 – 5.8a,A 81.0 – 5.9a,A

Group 3 80.0 – 5.4a,AB 81.4 – 3.6a,A

Group 4 80.3 – 5.7a,A 80.7 – 5.9a,A

Waist (cm)
Group 1 89.6 – 4.7a,B 83.8 – 5.0b,C

Group 2 97.9 – 0.3b,A 99.8 – 1.8a,A

Group 3 100.7 – 6.5a,A 91.5 – 6.6b,BC

Group 4 95.0 – 6.6a,AB 92.6 – 8.0a,AB

Body mass index (kg/m2)
Group 1 28.4 – 1.7a,B 25.8 – 1.7b,B

Group 2 31.1 – 1.4a,A 30.9 – 1.7a,A

Group 3 30.4 – 1.9a,AB 31.6 – 1.3a,A

Group 4 31.8 – 1.9a,A 32.1 – 2.3a,A

Body fat mass (kg)
Group 1 31.6 – 3.7a,B 27.6 – 3.5b,B

Group 2 34.4 – 2.4a,AB 36.5 – 3.4a,A

Group 3 38.1 – 4.7a,A 28.4 – 5.3b,B

Group 4 34.6 – 6.0a,AB 31.4 – 3.8a,AB

Lean body mass (kg)
Group 1 44.5 – 2.0a,A 45.6 – 2.6a,B

Group 2 47.5 – 2.8a,A 45.2 – 2.3a,B

Group 3 46.9 – 2.4b,A 53.5 – 4.2a,A

Group 4 44.1 – 3.0b,A 47.6 – 3.2a,B

Percentage fat (%)
Group 1 42.1 – 1.5a,A 37.4 – 2.1b,B

Group 2 42.3 – 2.9a,A 44.4 – 2.3a,A

Group 3 45.5 – 3.7a,A 35.2 – 4.1b,B

Group 4 43.0 – 5.4a,A 38.6 – 4.0a,B

Data are means – standard deviation. Group 1: green tea; group 2: placebo;

group 3: green tea + resistance training; group 4: placebo + resistance

training.
abWithin a row, means marked with different lowercase letters are

significantly different (P < .05).
ABCWithin a column, means for the same variable marked with different

uppercase letters are significantly different (P < .05).
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circumference, and body fat mass and percentage, while the
lean mass increased slightly. Group 2 did not improve in any
anthropometric parameters. Group 3 showed no change in
body weight or BMI. However, there was a significant de-
crease in waist circumference and body fat mass and per-
centage, and a significant increase in lean body mass in
group 3. This group improved more in these parameters
(except for body mass and BMI) than the other groups
(P < .05). Group 4 also showed no changes in body weight or
BMI; they improved in the other variables, but not signifi-
cantly. Figure 1 indicates the percentage change for the
main variables of the body composition (lean body, body
fat, and fat percentage).

Energy expenditure

The RMR measurements are shown in Figure 2. The
RMR decreased significantly in groups 1 and 2, but in-
creased significantly in groups 3 and 4 (P < .05) (Fig. 2A). In
group 1, the RMR for body mass showed no change, while
in group 2, there was a measurable, but not significant de-
cline. In groups 3 and 4, the RMR for body mass increased
significantly, and it was highest in group 3 (Fig. 2B).

Blood variables

The only groups that showed changes in the biochemical
variables were groups 3 and 4. TAG decreased in both
groups, but the decrease was only significant (P < .05) in
group 3 (-37.6 mg/dL). The TAG levels in group 3 de-
creased 8.7% more than in group 4 (-19 mg/dL).

Muscle strength

Women who underwent the resistance training program
(groups 3 and 4) showed increased muscle strength, which
was observed during the weeks of training and verified by
the 1RM tests performed both before and after the study
period (Fig. 3). Both groups showed significant im-
provements (P < .05), and group 3 showed the greatest

FIG. 1. Changes of body composition (%) between baseline and
week 8. abcBars for the same variable marked with different lowercase
letters are significantly different (P < .05).

FIG. 2. Resting metabolic rate (RMR) (A) and RMR per weight (B)
between baseline and week 8. abBars for the same treatment marked
with different lowercase letters are significantly different (P < .05).
ABBars for the same time marked with different uppercase letters are
significantly different (P < .05).

FIG. 3. Maximum load of one repetition maximum test between
baseline and week 8. abBars in each variable for the same treatment
marked with different lowercase letters are significantly different
(P < .05). ABBars in each variable for the same time marked with
different uppercase letters are significantly different (P < .05).
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improvement. In group 3, the increase for the leg press (45�)
was 83.3 kg (33.5%), while group 4 showed an increase of
60 kg (26.3%), which is a difference of 7.2% between the
groups. For the bench press, group 3 increased by 7.9 kg
(19.3%), and group 4 increased by 5.5 kg (14.5%), which is
a difference of 4.8%. For the back pull down, group 3 in-
creased by 12.6 kg (24.1%), and group 4 increased by 9 kg
(18.6%), which is a difference of 5.5%.

DISCUSSION

Anthropometric measurements

The only group that showed a change in body mass was
group 1 (green tea). Subjects in group 1 lost an average of
5.7 kg (7.8%), which is probably related to the thermogenic
effects of green tea.25 Although this was not a significant
decrease, we consider this to be a major change from a
biological point of view. A loss of body mass has also been
reported by Wang et al.,11 who, over a period of 90 days,
found a significant loss of 1.2 kg (1.7% of the total weight of
their volunteers), which was a much smaller weight loss
than what we found in our research. As a result of weight
loss, BMI and waist circumference also decreased, but not
significantly. Other studies showed significantly decreased
values for these parameters, including body fat mass and
percentage, but at levels lower than those measured in our
study.7,11,26 With green tea consumption, we observed a
maintenance of lean body mass and a loss of body fat
mass, which reduced the body fat percentage (- 4.7%). This
finding can be attributed to increased mobilization of body
fat as a source of energy, which preserves lean body mass.
This is consistent with the study by Dulloo et al.,1 who
found that both fat oxidation and energy expenditure in-
crease due to the bioactive compounds in green tea.

In group 2, which only consumed the placebo, body
composition did not change. There was no change in body
mass, BMI, or waist circumference. Lean body mass de-
creased slightly (-2.3 kg). With caloric restriction, muscle
mass is broken down for use as energy,27 which occurred in
group 2, but not group 1, possibly because of the consump-
tion of green tea. Body fat also increased slightly (2 kg). With
the small decrease in lean body mass and the small increase in
body fat, body fat percentage increased in the group that took
the placebo (2.1%). No positive change in body composition
was observed in the sedentary individuals.

In group 3 (green tea plus resistance training), the subjects
did not lose body mass despite green tea consumption due to
the significant increase in lean body mass (P < .05) and
significant decrease in body fat (P < .05). Once the muscle
mass reaches a threshold, the fat mass begin to decrease
more significantly, but with continued resistance training,
this may be accompanied by weight loss.27 Because there
was no change in body mass, there was no change in BMI.
Waist circumference decreased significantly (P < .05). The
increase in lean body mass was significant in all the vol-
unteers. This response was due to adaptation to resistive
exercise.28 Due to the increase in lean body mass and de-
creased body fat, there was a significant decrease in body fat

percentage (10.3% in group 3). During exercise, fat oxidation
is induced by carnitine palmitoyl transferase 1 (CPT1), which
assists in the introduction of fatty acids into the mitochondria
for use as an energy source.29–31 Catechins in green tea in-
crease the expression of lipolytic substances, one of which is
CPT1,16 which may explain why there was a greater reduc-
tion in body fat percentage in group 3 than in group 4.

Group 4 (placebo plus resistance training) experienced no
change in body mass, but lean body mass increased and body
fat decreased. BMI remained unchanged, and there was only
a slight decrease in waist circumference due to the change in
body composition. Lipid utilization predominantly occurs in
obese individuals after a training period, but there is no ac-
companying change in body mass, although there is a de-
crease in abdominal subcutaneous fat.32 The decrease in body
fat in group 4 was not significant, which is similar to the
findings of Rodrı́guez-Bies et al.33 In that study, physical
exercise every other day helped to increase performance via
cellular metabolic changes that increased b-oxidation in the
mitochondria, which changed the shape and location of the
mitochondria in the muscle fibers and increased the utiliza-
tion of fat in the skeletal muscle. One of the factors that
increases the fat-burning effects of exercise is repetition,
which increases the density of mitochondria and assists in the
expression of transporters of fatty acids to be oxidized by
CPT1 and CPT2.30 There was no significant increase in lean
body mass, so although there was a decrease in body fat, there
was no significant change in the body fat percentage of group
4, despite the apparent decrease (-4.4%).

Energy expenditure

The subjects in group 1 showed a decrease in RMR
(270.4 kcal/day) due to decreased body mass, which lowers
the calorie expenditure necessary for body mass mainte-
nance.34 This is in agreement with Cesar et al.,35 who found
that the reduction of daily energy expenditure was propor-
tional to the weight loss of their volunteers.

Group 2, who only consumed the placebo, showed a
significant decrease in RMR (312 kcal/day, P < .05) due to
the plateau effect on the decrease in caloric intake caused by
the study diet. The decrease in RMR was not related to a loss
of body mass, as this did not occur in this group.

Women who consumed green tea and engaged in resis-
tance training exercises (group 3) had a significant increase
in RMR (560.8 kcal/day, P < .05). This was due to the sig-
nificant increase in lean body mass, which led to a subse-
quent increase in RMR relative to mass (6.6 kcal/[kg$h]).
Because lean mass is more metabolically active, the body
expends more energy to maintain it.27

The group that ingested the placebo combined with re-
sistance training (group 4) also showed an increase in RMR
due to increased lean body mass (502.8 kcal/day). Similarly,
the RMR for body mass increased without a change in
overall mass (6.3 kcal/[kg$h]). A calorie-restricted diet can
reduce daily energy expenditure per kilogram of weight lost,
but this process can be mitigated by exercise due to in-
creased muscle mass.36
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Blood variables

Biochemical analyses of the subjects in group 1 (green
tea) showed no significant changes. This may be due to the
short study period (2 months) or possibly due to the amount
of total polyphenol intake during the day. These results are
similar to those of other studies, which also reported no
significant changes in biochemistry.26,37

Group 2 (placebo) also showed no variation in the bio-
chemical analysis; however, this group did not consume the
bioactive compound contained in green tea.

Biochemical analyses of group 3 showed no significant
differences in the variables presented, except for a reduction
in TAG. This reduction can be explained by the significant
loss of body fat, which was influenced by resistance training
and green tea consumption, because this was the only group
whose TAG levels declined significantly. This may be re-
lated to increased expression of the hormone-sensitive li-
pase (HSL) in the presence of epigallocatechin gallate
(EGCG), which hydrolyzes TAG into free fatty acids.16 In
this way, fatty acids can be mobilized as an energy source
instead of being reabsorbed by the body, which would
happen with a sedentary person. This may explain why TAG
levels were unchanged in group 1 (green tea), but declined
in groups 3 and 4.

The reduction of abdominal fat also helps to reduce the
levels of TAG, as observed in this study. The green tea
catechins modulate the effects of the SNS on the oxidation
of lipid deposits in a superior way if compared physical
exercise by itself.38 This explains the greater decrease in
TAG levels in group 3 than in group 4. EGCG is a non-
competitive inhibitor of NADPH, which acts as a substrate
for fatty acid synthesis. The catechins in green tea regulate
the enzyme glycerol-3-phosphate dehydrogenase, which is
connected to the synthesis of TAG by catalyzing the
b-nicotinamide adenine nucleotide to reduce dihydroxy-
acetone phosphate to produce glycerol-3-phosphate (direct
precursor of TAG).39

Group 4 (placebo plus resistance training) also showed
decreased levels of TAG, but this reduction was not sig-
nificant. This decrease may be associated with resistance
training, which reduces body fat by metabolizing it during
physical exercise; this effect may be better observed over a
longer period of time.40,41

Muscle strength

Increases in muscle strength were observed in the groups
that did resistance training, with significant variations in
both group 3 and group 4 (P < .05). The increases were
greater in group 3 due to the consumption of green tea.

There were significant improvements in 1RM. According
to Hakkinen et al.,42 significant increases in load tests are
due to increased neuromuscular coordination and muscle
hypertrophy related to increased lean body mass.

The neuromuscular system adapts to resistance training,43

and physiological changes occur to muscles at the structural
level. Programs of resistance training that last at least 2
months44 will show measurable increases in strength and

when done regularly and with sufficient intensity, stimulates
skeletal muscle to synthesize new proteins, which leads to
hypertrophy. Due to hypertrophy, muscle mass and muscle
strength both improve.45 This increased force can be seen in
the increased load on an 1RM test. The 1RMs in group 3
were significantly higher than those in group 4 due to the
consumption of green tea.

CONCLUSION

Green tea promoted changes in body composition, weight
loss, the maintenance of lean body mass, loss of body fat,
decreased waist circumference, and lowered body fat per-
centage. When coupled with resistance training exercises,
there were greater decreases in waist circumference, body
fat mass and percentage, and TAG levels, and green tea plus
resistance training produced the largest gains in lean body
mass and strength, as compared with exercise alone (pla-
cebo plus resistance training).

ACKNOWLEDGMENTS

We sincerely thank the Coordination of Improvement of
Personnel of Superior Level (CAPES) and the Luiz de
Queiroz Foundation of Agrarian Studies (FEALQ) for fi-
nancial aid and the Sanavita Industry for donation of the
green tea and placebo.

AUTHOR DISCLOSURE STATEMENT

No competing financial interests exist

REFERENCES

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

Chantre P, Vandermander J: Efficacy of green tea extract rich in

catechins polyphenols and caffeine in increasing 24-h expendi-

ture and fat oxidation in humans. Am J Clin Nutr 1999;70:1040–

1045.

2. Dulloo AG, Seydoux J, Girardier L, Chantre P, Vandermander J:

Green tea and thermogenesis: interactions between catechin-

polyphenols, caffeine and sympathetic activity. Int J Obes

2000;24:252–258.

3. Choo JJ: Green tea reduces body fat accretion caused by a high-

fat diet in rats through beta-adrenoceptor activation of thermo-

genesis in brown adipose tissue. J Nutr 2003;14:671–676.

4. Murase T, Hamamizu S, Shimotoyodome A, Nagasawa A, To-

kimitsu I: Green tea extract improves endurance capacity and

increases muscle lipid oxidation in mice. Am J Physiol Regul

Integr Comp Physiol 2004;288:R708–R715.

5. Chanadiri T, Sanakidze T, Esaishvili M, Chkhikvishvili I, Da-

tunashvili I: Effectiveness of green tea catechines for the cor-

rection of the alimentary obesity in the experiment. Georgian

Med News 2005;126:61–63.

6. Nagao T, Komine Y, Soga S, Meguro S, Hase T, Tanaka Y,

Tokimitsu I: Ingestion of a tea rich in catechins leads to a re-

duction in body fat and malondialdehyde-modified LDL in men.

Am J Clin Nutr 2005;81:122–129.

7. Basu A, Sanchez K, Leyva MJ, Wu M, Betts NM, Aston CE,

Lyons TJ: Green tea supplementation affects body weight, lipids,

GREEN TEA AND RESISTANCE TRAINING ON BODY COMPOSITION 125



and lipid peroxidation in obese subjects with metabolic syn-

drome. J Am Coll Nutr 2010;29:31–40.

8. Sae-tan S, Grove KA, Kennett MJ, Lambert JD: (–)-Epigallo-

catechin-3-gallate increases the expression of genes related to fat

oxidation in the skeletal muscle of high fat-fed mice. Food Funct

2011;2:111–116.

9. Klaus S, Pultz S, Thone-Reineke C, Wolfram S: Epigallocatechin

gallate attenuates diet-induced obesity in mice by decreasing

energy absorption and increasing fat oxidation. Int J Obes

2005;29:615–623.

10. Koo SI, Noh SK: Green tea as inhibitor of the intestinal ab-

sorption of lipids: potential mechanism for its lipid-lowering

effect. J Nutr Biochem 2007;18:179–183.

11. Wang H, Wen Y, Du Y, Yan X, Guo H, Rycroft JA, Boon N,

Kovacs EMR, Mela DJ: Effects of catechin enriched green tea on

body composition. Obesity (Silver Spring) 2010;18:773–779.

12. Rains TM, Agarwal S, Maki KC: Antiobesity effects of green tea

catechins: a mechanistic review. J Nutri Biochem 2011;22:1–7.

13. Westerterp-Plantenga MS: Green tea catechins, caffeine and

body-weight regulation. Physiol Behav 2010;100:42–46.

14. Hung PF, Wu BT, Chen HC, Chen YH, Chen CL, Wu MH,

Liu HC, Lee MJ, Kao YH: Antimitogenic effect of green tea

(–)-epigallocatechin-gallate on 3T3-L1 preadipocyts depends on

the ERK and Cdk2 pathways. Am J Physiol Cell Physiol

2005;288:C1094–C1108.

15. Wu BT, Hung PF, Chen HC, Huang RN, Chang HH, Kao YH:

The apoptotic effect of green tea (–)-epigallocatechin gallate on

3T3-L1 preadipocytes depends on the Cdk2 pathway. J Agric

Food Chem 2005;53:5695–5701.

16. Lee MS, Kim CT, Kim Y: Green tea (–)-epigallocatechin-3-

gallate reduces body weight with regulation of multiple genes

expression in adipose tissue of diet-induced obese mice. Ann

Nutr Metab 2009;54:151–157.

17. Lee MS, Kim CT, Kim IH, Kim Y: Inhibitory effects of green tea

catechin on the lipid accumulation in 3T3-L1 adipocytes. Phyt-

other Res 2009;23:1088–1091.

18. Murase T, Haramizu S, Shimotoyodome A, Tokimitsu I, Hase T:

Green tea extract improves running endurance in mice by stim-

ulating lipid utilization during exercise. Am J Physiol Regul In-

tegr Comp Physiol 2006;290:R1550–R1556.

19. 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.

20. Gray DS, Bray GA, Germayel N, Kaplan K: Effect of obesity on

bioelectrical impedance. Am J Clin Nutr 1989;50:255–260.

21. Weir JBV: New methods for calculating metabolic rate with

special reference to protein metabolism. J Physiol 1949;109:1–9.

22. Brown LE, Weir JP: ASEP–Procedures recommendation I: ac-

curate assessment of muscular strength and power. J Exerc

Physiol 2001;4:1–21.

23. Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C,

Feigenbaum MS, Fleck SJ, Franklin B, Fry AC, Hoffman JR,

Newton RU, Potteiger J, Stone MH, Ratamess NA, Triplett-

McBride T, American College of Sports Medicine: American

College of Sports Medicine position stand. Progression models in

resistance training for health adults. Med Sci Sports Exerc

2002;34:364–380.

24. Drummond MJ, Vehrs PR, Schaalje GB, Parcell AC: Aerobic

and resistance exercise sequence affects postexercise oxygen

consumption. J Strength Cond Res 2005;19:332–337.

25. 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.

26. Nagao T, Hase T, Tokimitsu I: A green tea extract high in cat-

echins reduces body fat and cardiovascular risks in humans.

Obesity (Silver Spring) 2007;15:1473–1483.

27. Mahan LK, Escott-Stump S: Food, Nutrition, and Diet Therapy,

Vol. 11. W. B. Saunders Company, Philadelphia, 2004.

28. Evans WJ, Cannon GJ: The metabolic effects of exercise-induced

muscle damage. Exerc Sports Sci Rev 1991;19:99–125.

29. Wolfram S, Wang Y, Thielecke F: Anti-obesity effects of green

tea: from bedside to bench. Mol Nutr Food Res 2006;50:176–187.

30. Melanson EL, MacLean PS, Hill JO: Exercise improves fat

metabolism in muscle but does not increase 24-h fat oxidation.

Exerc Sport Sci Rev 2009;37:93–101.

31. Richards J, Lonac MC, Johnson TK, Schweder MM, Bell C:

Epigallocatechin-3-gallate increases maximal oxygen uptake in

adult humans. Med Sci Sports Exerc 2010;42:739–744.

32. Ormsbee MJ, Thyfault JP, Johnson EA, Kraus RM, Choi MD,

Hickner RC: Fat metabolism and acute resistance exercise in

trained men. J Appl Physiol 2007;102:1767–1772.

33. Rodrı́guez-Bies E, Calvo SSC, Fontán-Lozano A, Amaro JP, de

la Rosa FJB, Carrión AM, Navas P, López-Lluch G: Muscle
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