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Independent Study Title Effects of Green Tea Extract on Body Composition in
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Author Nutkamon Luesomboon
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ABSTRACT

Previous researches have reported several positive effects of green tea on
weight control and body composition, mainly focusing on weight and body fat loss. In
this 12-week experimental cross-over control study, effects of green tea extract on
body composition, specifically body fat percentage and visceral fat level, were
investigated. Fifteen overweight Thais (age 30-40 with BMI between 23.0 to 27.5
kg/m?) were assigned to a 6-week control period with no green tea extract
consumption, then continued with a 6-week experimental period of green tea extract
consumption (103.56 mg daily). Their body composition (weight, BMI, body fat
percentage, visceral fat level, and waist-to-hip ratio) was obtained at baseline, Week
6, and Week 12. Results analyzed with repeated measures ANOVA showed
significant differences between means of body weight, BMI, and visceral fat level.
Pairwise comparison revealed further that a statistically significant decrease in
visceral fat level (with mean difference of 0.53 and p-value of 0.044) was evident

after 6 weeks of green tea extract consumption.

Keywords: Green Tea Extract, Overweight, Body Composition, Body Fat,
Visceral Fat
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CHAPTER 1

INTRODUCTION

1.1 Background

Tea, derived from a plant called Camellia sinensis, is a widely consumed
beverage in more than 50 countries around the world, second only to water. Different
levels of fermentation yield different types of tea, which are green tea (steamed
freshly harvested tea leaves), Chinese tea or Oolong (partially fermented tea leaves)
and black tea (fermented tea leaves, enzymatic transformation of catechin).
Interestingly, green tea has been found to provide a wide variety of health benefits,
derived from polyphenols components, specifically from green tea catechins. The four
major types of catechins in green tea are epicatechin (EC), epigallocatechin (EGC),
epicatechin gallate (ECG) and epigallocatechin gallate (EGCG), with EGCG accounts
for 50-80% of catechins (Sinija & Mishra, 2008; Wongsuphasawat, 2020). Many
studies discovered a wide variety of healthful effects green tea catechins can provide
us through numerous mechanisms, ranging from antioxidant, anti-viral, and anti-
cancer effects to lipid (fat) and sugar regulation, heart health, and weight reduction
(Sinija & Mishra, 2008; Chinchole et al., 2014; Balsaraf & Chole, 2015). With its
thermogenesis effect, which consequently affects body fat and weight, green tea has
been incorporated in many ways into weight loss regimen, either as a drink or as
(extract) supplement (Hursel et al., 2009).  To give some examples of how green tea
can affect our body composition, Nagao et al. (2007) found significant reductions in
body weight, BMI, body fat ratio, body fat mass, waist and hip circumference, total
fat area, visceral fat area, and subcutaneous fat area of the subjects in the high-
catechin group after 12 weeks of consumption. Maki et al. (2008) found that in the
catechin group, after 12 weeks, total abdominal fat area and abdominal subcutaneous
fat were reduced more than in the control group. In another study, after a 12-week



treatment, Chen et al. (2016) discovered that high-dose green tea extract can result in
significant reductions in body weight, BMI, and waist circumference in obese women
(starting BMI 27 kg/m?).

In addition to the aforementioned studies, other seem to also find positive
effects of green tea catechins on weight, body composition (body fat), lipid profile,
blood sugar and even hormonal changes (Auvichayapat et al., 2008; Di Pierro et al.,
2009; Wang et al., 2010; Belcaro et al., 2013; Huang et al., 2014; Gilardini et al.,
2016). This study focused specifically on how green tea extract consumption can

affect our body composition, particularly body fat percentage and visceral fat level.

1.2 Research Objective

This study aimed to investigate effects of green tea extract consumption on
body composition, specifically body fat percentage and visceral fat level, in

overweight.

1.3 Research Hypothesis

The main hypothesis of the study was that green tea extract consumption can

lead to decreases in body fat percentage and visceral fat level in overweight.

1.4 Scope of Research

1.4.1 Sample population: Healthy individuals, both male and female, aged
30 — 40 years old, whose BMI is 23.0 — 27.5 kg/m2 (classified as overweight)
(WHO expert consultation, 2004).
1.4.2 Variables involved (Please refer to Figure 1.1 for further details of this
study’s conceptual framework)
1.4.2.1 Predictor: Green tea extract 103.56 mg (daily consumption)
1.4.2.2 Outcome(s): Body weight, BMI, body fat percentage, visceral fat

level
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Figure 1.1 The study’s conceptual framework

1.4.3 Duration: 12 weeks

1.4.4 Product used: Nutrilite™ Green-T Plus, a decaffeinated green tea extract
supplement from Amway (Thailand). Product registration number is 10-3-00745-1-
0056.



1.5 Terminology Definition

1.5.1 Green Tea Extract
A standardized decaffeinated extract of Camellia sinensis supplement from
Amway (Thailand), under the commercial name of Nutrilite™ Green-T Plus.

Consumption of two tablets per day yields a total of 103.56 mg of green tea extract.

1.5.2 COMT
Catechol-O-methyltransferase (COMT), a catecholamine-degrading enzyme,

which inactivates catecholamine (including norepinephrine).

1.5.3 Body Mass Index (BMI)
The ratio of body weight (in kilograms) to height (in meters) squared, used to

determine if an individual is underweight, normal or overweight.

1.5.4 Waist-to-Hip Ratio (WHR)
The ratio of waist circumference to hip circumference, used as a predictor of
cardiovascular diseases. WHR should not exceed 0.95 for men and 0.8 for women.

1.5.5 Body Fat Percentage

The level of fat in our body, which can be obtained by dividing fat mass (FM)
by total body weight, calculated with a BIA method using an InBody Dial H20N.
Healthy ranges are 12-18% for men and 18-23% for women.

1.5.6 Visceral Fat Level

The level of accumulated fat surrounding the internal organs, calculated with a
BIA method using an InBody Dial H20N. According to InBody’s method, the level
can be displayed from 1 to 20. Individuals with visceral fat levels exceeding 10 are
considered as increased health risk.



CHAPTER 2

LITERATURE REVIEW

2.1 Green Tea: Composition and Health Benefits

2.1.1 Green Tea Composition

Out of numerous nutraceuticals that have been investigated and used for our
health benefits, tea, which is derived from a plant Camellia sinensis (family
Theaceae), has been under scientific investigation for more than three decades and is
one of the most widely consumed beverages, second only to water (Wongsuphasawat,
2020). Green tea, derivation of steamed freshly harvested tea leaves, constitutes of
several chemical compounds, ranging from, caffeine, theobromine, organic acids,
chlorophyll, theanine, and free amino acids, to flavones, phenolic acids, minerals and
vitamins (Namal Senanayake, 2013). Its main constituents, which endowed many
beneficial effects, are polyphenols, with the basic phenolic compound being the
flavonoids (Maurya et al., 2020). These flavonoids contain largely catechins, which
accounts for 70-80% of its polyphenols content.

To categorize the catechins further, the four main catechins found in green tea
are epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG), and
epigallocatechin gallate (EGCG). The largest proportion, accounting for 50-80% of
green tea catechin, is epigallocatechin gallate (EGCG), which is also considered as the
most significant (Sinija & Mishra, 2008; Huang et al., 2014). Figure 2.1 depicts the

chemical structure of these major green tea catechins.
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Figure 2.1 Chemical structure of green tea catechins

2.1.2 Antioxidant Property

Number of studies have suggested that green tea has a variety of health
benefits, the most evident being its potent antioxidant property. One study has found
that when green tea polyphenols were consumed for 3 months (500 mg per day or
1000 mg per day), the oxidative DNA damage biomarker, 8-hydroxydeoxyguanosine
(8-OHdG), was significantly reduced compared to the placebo group (Luo et al.,
2005). Another early evidence showed that when the oxygen radical absorbance
capacity was used, green tea had a greater antioxidant activity than brussel sprouts,
garlic, kale and spinach (Sinija & Mishra, 2008). A study by Basu et al. (2010)
demonstrated that drinking green tea (4 cups a day, with 928.0 mg of total catechins)
lead to significant decrease in levels of both malondialdehyde (MDA), a membrane
oxidative damage biomarker, and hydroxynonenal (HNE), a product of lipid
peroxidation.

2.1.3 Cardiovascular Health
Green tea also has an ability to beneficially affect our cardiovascular health.

One way is by regulating our blood pressure. In one study, the high-catechin beverage



(582.76 mg per day) group showed a greater decrease in their systolic blood pressure
than the control group (who consumed merely 96.22 mg of green tea catechins per
day) after 12 weeks. The difference was even more pronounced in women than in
men (Nagao et al., 2007). Matsuyama et al. (2008) had conducted a study in children
(age 6-16 year-old) and found that at 24 weeks, the catechin group (who consumed
575.9 mg/day of catechins, in canned beverage form) had significantly reduced
systolic blood pressure than the control group. Fourteen RCTs conducted by Li et al.
(2015) also revealed that green tea extract supplement can cause significant, albeit
small, reductions in blood pressure in overweight and obese adults. A meta-analysis
also shows that coronary heart disease (CHD), cardiac death, stroke, cerebral
infarction, and intracerebral hemorrhage, as well as total mortality are positively
associated with increased tea consumption (Zhang et al., 2014).

2.1.4 Anti-Cholesterol Effects

Another notable health benefit of green tea is its anti-cholesterol effect. Lipid
profile is one of the outcomes investigated in a study by Nagao et al. (2007). They
found that subjects who consumed a high-catechin beverage (582.76 mg per day) for
12 weeks showed a significant change in serum total cholesterol, HDL cholesterol,
and LDL cholesterol, when compared to the control group. Similarly, Matsuyama
et al. (2008), who examined several outcomes from green tea consumption in
children, found that after 24 weeks, there was a greater decrease in LDL
cholesterol/HDL cholesterol ratio in the catechin group compared with the control
group, suggesting that green tea might consequently help reduce the risk of heart
disease. There is evidence that green tea can affect triglyceride level as well. After 12
weeks of catechin-beverage consumption (625 mg of catechins per day), this group
showed a greater and significant decrease in their triglyceride level than the control
group (Maki et al., 2008). Similarly, a 12-week treatment by Chen et al. (2016)
supports the claim of green tea’s lipid-lowering effects, presenting that high-dose
green tea extract consumption (856.8 mg of EGCG per day) in obese women (initial
BMI > 27 kg/m®) led to significantly lower levels of total cholesterol and LDL-

cholesterol than those in the control group. A systematic review by Momose et al.



(2016) also provides supporting evidence of LDL-cholesterol lowering effects of

green tea.
2.1.5 Other Health Benefits

In addition to the aforementioned benefits, green tea consumption is
associated with thermogenesis and fat oxidation. It is not surprising that green tea has
been used to support weight loss and weight management. This will be elaborated in

more detail in Section 2.3.

2.1.6 Harmful Side Effects

Some of the reported negative side effects of green tea are restlessness,
insomnia, and tachycardia, which is due to the caffeine content (Sinija & Mishra,
2008; Chinchole et al., 2014). It has also been established that EGCG is cytotoxic, and
larger consumption of green tea can cause acute cytotoxicity in liver cells. It is worth
noting that the safe EGCG intake limit for humans is 338 mg/day (fed or fasted) in
solid dose form. For tea preparations in beverage form, an Observed Safe Level
(OSL) of 704 mg EGCG/day (fed or fasted) may be appropriate. Hepatotoxicity with
EGCG intake ranges from 140 mg to 1000 mg/day, according to United States
Pharmacopeia adverse event case reports, with significant inter-individual
heterogeneity in susceptibility, probably related to hereditary factors (Oketch-Rabah
et al., 2020). It is important to note that liver effects were not found in clinical
intervention studies with intakes below 600 mg EGCG/person/day, hence a tolerable
upper intake level of 300 mg EGCG/person/day is advised for food supplements
(Cerbin-Koczorowska et al., 2021)

2.2 Body Composition: Health Implications & Measurements

2.2.1 Definition & Models

To define what body composition is, various conceptual models have tried to
capture and classify our body into different compartments. These conceptual models
range from one compartment (1C: focusing merely on weight of our whole body

mass), two-compartment (2C: fat mass and fat-free mass), to multi-compartment (in



which a variety of constituents are taken into consideration). Figure 2.2 illustrates

these different models in comparison with one another.

0% 100%
1 Compartment (1C) Body mass (weight)
2 Compartment (2C) Fat mass Fat-free mass (FFM)
3 Compartment (3C) Fat mass Fat-free mass (FFM) mc
Metabolic
4 Compartment (4C) Fat mass Total body water (TBW) t' MC
issue

5 Compartment (5C) NEL EL Total body water (TBW) Protein MC B3
6 Compartment (6C) Fat mass Total body water (TBW) Protein | BM EE

wy

Source Ward (2018)

Figure 2.2 Various conceptual models of body composition

Traditionally, the two-compartment conceptual model divides our body into
merely two compartments (as the name suggests), which are fat mass and fat-free
mass. The model defines fat mass (FM) as “all of the fat stored in the body”, which
can be categorized as essential and storage fat. Essential fat accounts for an
approximate of 3% of total body weight of adult men, and 12% in adult women. To
determine the level of body fatness, the body fat percentage can be calculated using
the following formula:

fat mass

% bod t = 100
% body fa total body weight X

For men, a healthy body fat range is 12% to 18%, and for women, 18% to

23%. Obesity is defined as males with more than 25% body fat and women with more
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than 30% body fat, according to the majority of health care experts (DeTurk &
Johnson, 2017).

To classify body fat further, there are two types of fat accumulation:
subcutaneous fat, which is located beneath the skin on the arms, legs, and buttocks,
and visceral fat, which is found around internal organs like the liver, heart, and colon.
The excess of this type of fat accumulation is a result of unhealthy lifestyle, stemming
from habits such as sedentary lifestyle, high carbohydrate or high saturated fat diet,
poor sleep quality, stress, smoking and alcohol consumption (InBody USA, 2020).
Obesity-related problems such as type 2 diabetes and coronary artery disease are
significantly linked to the accumulation of visceral fat (Brukner & Khan, 2019). Other
health complications, such as hypertension, cancer, and depression are also associated
with high levels of visceral fat accumulation.

The fat-free mass (FFM), on the other hand, is “all body tissues that are not
fat”, which includes muscles, bone, internal organs, body tissues, water and other
fluids (DeTurk & Johnson, 2017; Powers & Howley, 2021).

Since the two-compartment model seems to pose some limitations, the
alternative multi-compartment conceptual models, which categorize our body in
further detailed compartments, have been proposed. These multi-compartment models
are proven to be highly useful in body composition analysis, as they take into
consideration different parts of the body and their difference in biological homeostasis
(Chaicholatornkul, 2021).

2.2.2 Body Composition Measurements
Several methods have been used by healthcare professionals, researchers, and
even fitness personnels, to measure and obtain figures of our body composition with
aims to learn more about possible health risks and promote healthier conditions. Each
method has its own merits and limitations. Detailed information of the methods
relevant to this study will be described below.
1. Body Mass Index (BMI)
Several measurement methods have been used to gauge our body
composition. One of the easy, rapid and non-invasive methods that has been utilized

by healthcare professionals worldwide to determine if an individual is overweight or
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obese is the Body Mass Index (BMI). This method has been used to identify an
individual's level of body fat, which in turn can be an indication of obesity and other
obesity-related health risks. BMI is calculated with the following formula:

o - i)

Current classification from the World Health Organization (WHO) to
determine if an individual is underweight, normal, overweight, or obese can be found
in Table 2.1. This classification lends itself as one of the easy predictors of mortality
and morbidity associated with obesity. Note that there are different cut-off points
between the classification of international (western) and Asian standards. This can be
due to differences in body-frame that could pose heightened health risk in Asians with
the same level of BMI as westerners, and also supported by the evidence that even at
a low BMI, Asians have higher body fat percentage than westerners (Choo, 2002;
WHO expert consultation, 2004; Jih et al., 2014).

Table 2.1 BMI classification, international and Asian standards

. BMI Classification
Nutritional Status

International Asian
Underweight <185 <185
Normal weight 18.5-24.9 18.5-22.9
Pre-obesity / at risk 25.0-29.9 23.0-27.5
Obesity class | 30.0-34.9 >27.5
Obesity class 11 35.0-39.9
Obesity class 111 >40.0

Source WHO expert consultation (2004)

Although BMI guidelines can be helpful in identifying health risks of
individuals in the general population, there are limitations to this method. It serves as
a poor predictor of body fat percentage in our body, especially when measured in
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individuals with high muscle mass. As BMI only takes into account our total weight,
it does not distinguish between proportion of fat mass and fat-free mass, which have
different implications on our health, and is unable to provide information of fat
distribution in our body.

2. Body circumference measurement

Even though this method is not a direct measurement of our body
composition, it can be an indicator of central obesity, as well as a predictor of disease
risk factors, especially cardiovascular diseases (Cahalin & DeTurk, 2017). Waist girth
(Gw), measured at the narrowest point, and hip girth (Gh), measured at the widest
point, are then used to calculate a waist-to-hip ratio (WHR). Risk factors for
cardiovascular diseases (such as hyperglycemia, hypercholesterolemia, and
hypertension) are associated with waist-to-hip ratios higher than 0.95 in men and 0.8
in women (Powers & Howley, 2018).

Relating to the BMI guidelines, merely waist circumference is used.
Individuals who are classified as high-risk are those whose waist circumference
exceeds 100 cm (39.5 inches) in men and 90 cm (35.5 inches) in women. Table 2.2

describes the threshold in more detail.

Table 2.2 Criteria for waist circumference in adults

Waist Circumference

Risk Females Males
Category cm in cm in
Very low <70 <285 <80 <315
Low 70 - 89 28.5-35.0 80 - 99 31.5-39.0
High 90 - 109 35.5-43.0 100 - 120 39.5-47.0
Very high > 109 >43.0 > 120 >47.0

Source Chaicholatornkul (2021)
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The merits of these body circumference measurement techniques are due
to the fact that they are relatively low-cost, easy to operate, and non-invasive.
However, they cannot accurately identify fat distribution as subcutaneous or visceral,
which have different complications to our health.

3. Bioelectrical Impedance Analysis (BIA)

This method is based on the principle that our body’s lean tissues (mainly
water and electrolytes) are better conductors (lower impedance) while fat tissues are
poorer conductors (higher impedance) of a small, undetectable electric current
released from the electrodes of the bioelectrical impedance analysis (BIA) equipment.
An estimate of total body water (TBW), which can potentially predict fat mass and
fat-free mass, can be obtained from the impedance values. Body fat percent estimates
are highly correlated with body fat measurement using underwater weighing with
some standard error of estimate, approximately ranging from £3.5% to 5% (Ward,
2018; Powers & Howley, 2021).

In addition to its moderate accuracy, various advantages of this method
include high convenience to the subjects, ease of use, with relatively inexpensive cost
of equipment and little testing time involved. However, accurate results depend
particularly on the individual’s hydration status at the time of the testing as
dehydration may vyield less lean mass (and consequently more fat) (DeTurk &
Johnson, 2017; Chaicholatornkul, 2021). DeTurk and Johnson (2017) provide
guidelines for standardized assessment, specifying that hydration subjects should:

1) Urinate within 30 minutes of the test,

2) Consume no alcohol 48 hours prior to the test,

3) Avoid vigorous exercise within 12 hours of the test, and
4) Fast for 4 hours before the test.

An example of the equipment that uses this BIA method is an InBody,
which offers both for professional and consumer uses. The consumer-used product
specifications employed in this study are detailed in Table 2.3, with the device’s

external and warranty shown in Figure 2.2 and Figure 2.3, respectively.
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Table 2.3 InBody DIAL H20N product specifications

InBody DIAL H20N product specifications

Bioelectrical Impedance (BIA)

Measurement ltems

Electrode Method
Testing Method

Body Composition Calculation
Method
Outputs (LCD Screen)

Applied Rating Current
Power Consumption
Display Type
Dimension

Product Weight
Testing Time
Operation Environment

Storage Environment

Testing Weight Range
Height Range

Bioelectrical Impedance(Z) : 10 Impedance
measurements are taken by using two (2) different
frequencies (20kHz, 100kHz) in each of the five (5)
segments (right arm, left arm, body, right leg, left leg)
Tetrapolar 8-Point Tactile Electrode Methods

Direct Segmental Multi-frequency Bioelectrical
Impedance Analysis Method, DSM-BIA type

No Empirical Estimation

Weight, Percent Body Fat, Muscle Mass, Visceral Fat
Level

100pA

DC 6V (1.5V AA battery 4 EA)

Customised LCD

310.3 (W) x 356.4 (L) x 58.3 (H) : mm

2.7 kg

Within 8 seconds after measuring impedance
10 - 40°C, 30 - 75%RH, 70 - 106kPa

-20 - 70°C, 10 - 95%RH, 50 - 106kPa (No
condensation)

10 - 150 kg

50 -300 cm

Source InBody Co., Ltd. (2020)
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Figure 2.3 InBody Dial H20N

Name of Product . InBody H20N

Product No

Date of Purchase

Place of Purchase :

> This product warranty gives an assurance for the InBody product as below:

1. This product undergoes a strict review process to ensure quality confrol

2. The warranty perod of this product follows the warranty period policy of the manufacturer.

3. If the product malfunctions under normal use, InBody will repair it, free of charge during the
warranty penod.

4. The warranty will be voided and repair services will be offered at cost under the following
circumstances:
« Failure and/or damage caused by mishandling.

+ Failure and/or damage caused by not following the directions and precautions stated in
the User's Manual.

« Failure and/or damage caused by a natural disaster.
« Failure and/or damage caused by a power malfunction.
5. The warranty will be voided if:
« The InBody was disassembled by unauthorized personnel
« The InBody was repaired by unauthorized personnel.

6. Services are available at a cost after the warranty period.
Contact InBody.

inBody

Figure 2.4 Product Warranty Certificate
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2.3 Relevant Research

2.3.1 Green Tea and Effects on Body Composition

In addition to the aforementioned health benefits (antioxidant, cardiovascular,
anti-cholesterol), researchers have also been examining the effects of green tea with
an effort to learn more about how it can help with weight loss and weight
maintenance. Several associated parameters have been investigated and numerous
supporting evidence documented.

After 12 weeks of high catechins consumption (100.3 mg of EGCG per day),
Nagao et al. (2007) found a significant decreases in body weight, body mass index
(BMI), body fat ratio, body fat mass, waist circumference, hip circumference, total fat
area, visceral fat area, and subcutaneous fat area of the subjects in this group,
compared to the control group. Another study revealed that after 12 weeks of taking
136 mg of EGCG daily, the green tea extract group had significantly reduced body
weight, BMI, waist circumference, body fat mass, and subcutaneous fat area than the
control group (Nagao et al., 2005). Children (age 6-16 years old) also showed similar
results. After 24 weeks of daily catechin-rich beverage consumption (576 mg of
catechins with 102.34 mg of EGCQG), the catechin group’s initial values of BMI, waist
circumference, body fat mass, and subcutaneous fat area were negatively correlated
with their changes. Additionally, their changes in waist circumference were
significantly greater than that of the control group subjects. (Matsuyama et al., 2008).
There is supporting evidence from Maki et al. (2009) that after 12 weeks, total
abdominal fat area and abdominal subcutaneous fat were reduced more in the catechin
group (who consumed 625 mg of catechins per day) than those of the control group.
Chen et al. (2016) also found that consumption of high-dose green tea extract (856.8
mg of EGCG daily) can result in significant decreases of body weight, BMI, and waist

circumference in obese women (initial BMI > 27 kg/m?) after a 12-week treatment.

2.3.2 Proposed Mechanisms

One possible mechanism for this weight control effect could be due to the fact
that green tea promotes thermogenesis in the body (Hodgson et al., 2013). A study by
Dulloo et al (1999) provides evidence that the body’s total 24-hour energy
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expenditure could be increased up to approximately 4% when 270 mg/day of EGCG
was consumed. The researchers concluded that, in support of several previous studies,
green tea catechins functioned in a way that inhibits catechol-O-methyltransferase
(COMT), a catecholamine-degrading enzyme. COMT reduces hydrophilicity by
methylation, sulfation, and glucuronidation, allowing for excretion in urine and bile.
Since norepinephrine (NE; one chemical in the catecholamine family) cannot be
degraded by when COMT is inhibited, the sympathetic nervous system (SNS) is
constantly aroused due to the presence of NE, which binds to b-adrenoceptors and
produces an increase in energy expenditure (thermogenesis) and fat oxidation (Hursel
& Westerterp-Plantenga, 2009). Due to this reaction, it was proposed that by
inhibiting COMT, green tea catechins can consequently prolong either thermogenesis
or fat metabolism, or both.

Another relevant explanation may be due to genetic differences related to
COMT. COMT has a known genetic variant that might cause it to be high-activity or
low-activity. People with reduced COMT activity have been demonstrated to be more
prone to gaining weight. The frequency of high-activity COMT is higher in Asians,
while the frequency of low-activity COMT is higher in Caucasians. Theoretically,
Asians with higher-activity COMT are more susceptible to the COMT inhibitory
effects of green tea than Caucasians with low-activity COMT (Jurgens et al., 2012).

Faster metabolism of fats and sugars has been shown in the case of green tea
consumption. With its inhibitory effect on insulin, green tea can redirect sugar to be
used immediately by muscles instead of being converted and stored in our body as
fats (Sinija & Mishra, 2008).

To also address visceral adiposity, green tea catechins have been reported to
have effects on visceral adipose tissues. Choi et al. (2020) found that EGCG (one type
of green tea catechins) activated autophagy as well as lipolysis of visceral white
adipose tissue via AMP-activated protein kinase (AMPK) signaling pathway. These
mechanisms not only activate ATP production, increase lipolysis and fatty acid
oxidation, but also inhibit lipogenesis. As a consequence, green tea consumption

could lead to lower levels of fat deposits.
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2.3.3 Green Tea and Effects on Body Composition in Thai Subjects

One study conducted in Thai participants also shows favourable outcomes of
green tea consumption. Auvichayapat et al. (2008) investigated weight-reduction
effects of green tea in subjects with obese condition. The green tea group received
750 mg of green tea extract daily. The placebo group, on the other hand, received
cellulose capsules. After 8 weeks, body weight, BMI, body fat percentage, and waist
circumference significantly decreased in the green tea group when compared to the
placebo group. They concluded that these results were due to an increase in resting

energy expenditure as well as fat oxidation.

2.3.4 Bioavailability of Green Tea

Even though green tea has been shown in numerous research studies to
possess a variety of beneficial health effects, like many other nutraceuticals, there is
evidence of its limited absorption when taken orally (Lambert & Hou, 2008). One
solution invented for this issue is a Phytosome technology. Early investigation by
Pietta et al. (1998) revealed that subjects who received decaffeinated green tea extract
in the phytosome form, peak plasma concentration of EGCG was two times higher
than those who received the non-complexed form.

More recently, GreenSelect® Phytosome technology has been studied and
demonstrated promising results. A study by Di Pierro et al. (2009) found that after 90
days, in addition to low-calorie diets, the GreenSelect® Phytosome group (who
consumed 150 mg per day of green tea extract with phytosome technology) showed
significant reductions in their weight as well as waist circumference. Similar results
were recorded in a study by Belcaro et al. (2013). Their study revealed that after 24
weeks, subjects who consumed 150 mg GreenSelect® Phytosome daily had
significantly decreased BMI and waist circumference. Not only is GreenSelect®
Phytosome effective in weight loss, but there is also evidence that it is helpful in
weight maintenance. Gilardini et al. (2016) observed that after a period of one month,
subjects in the GreenSelect® Phytosome group demonstrated decreases in weight and
fat mass, compared to the placebo group whose same variables begin to rise during

the same period.



CHAPTER 3

METHODOLOGY

3.1 Study Design

This was an experimental cross-over control study. The subject's body
composition was measured and recorded at baseline (Week 0) and Week 6, to be used
as a “control” comparison. They were introduced to Nutrilite™ Green-T Plus and
instructed to consume two (2) tablets daily (one tablet after breakfast and one tablet
after dinner, 103.56 mg of green tea extract total). Their body composition was

measured again at Week 12.

3.2 Population and Sample Subjects

3.2.1 Population

Healthy individuals, both male and female, aged 30 - 40 years old, whose BMI
is 23.0 — 27.5 kg/m? (classified as overweight) (WHO expert consultation, 2004).

3.2.2 Sample Subjects

The sample size for this study was determined using the following formula:

Z2 0'2
a{Z
n =

dZ

Where n = sample size for this independent study

Zy = standard score under normal distribution, @ = 0.05

0? = variance of interested population; g5 = 5.74345 based on the

variance calculated from the reference research by Auvichayapat et al. (2008), which



20

investigated the weight-reduction effects of green tea in obese Thai subjects. Note that

this variance is estimated from pooled sample variance.

d = maximum error of estimation; d = 1.35

The sample size can be calculated as follows:

_ (196)°(5.74345)
(1.35)2

= 12.1065 = 13

With a minimum of 13 subjects and to account for possible exclusion or

discontinuation, this study recruited a total of 18 overweight Thai subjects.

3.2.3 Inclusion Criteria

3.2.3.1 Age between 30 and 40 years old (as this age group is usually in
good health, which can have lower risk of side effects and leads to higher safety with
regards to participation in this study),

3.2.3.2 BMI 23.0-27.5 kg/m?,

3.2.3.3 In good health (as determined by medical history and prior
physical examination),

3.2.3.4 Signed the informed consent form to participate in the study after
being informed of the study’s objectives and protocol, and

3.2.3.,5 Fully vaccinated against COVID-19 with official certificate of

vaccination.

3.2.4 Exclusion Criteria

3.2.4.1 History of hyperglycemia, hyperlipidemia, and/or hyper- or hypo-
thyroidism,

3.2.4.2 History of metabolic diseas

3.2.4.3 e (such as diabetes mellitus or Cushing syndrome) or systemic
disease (such as heart or liver disease),

3.2.4.4 Pregnancy, planning for pregnancy, and/or lactating,

3.2.4.5 Unidentifiable significant weight loss in the past 3 months,

3.2.4.6 Currently has an implantable electronic defibrillator or pacemaker,

or Regular smoking or alcohol consumption.
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3.2.5 Discontinuation (Withdrawal) Criteria
3.2.5.1 Allergic reaction to green tea extract or experience side effects
from green tea extract consumption (for example, headache, restlessness, insomnia,
increased heart rate, trembling, or constipation),
3.2.5.2 Unable to be contacted or to attend follow-up session(s), or

3.2.5.3 Personal reason for discontinuation.

3.3 Instruments

3.3.1 Green Tea Extract Product

Nutrilite™ Green-T Plus, a commercially available product from Amway
(Thailand), was used in this study (see Figure 3.1 for the product packaging). One
tablet contains the following ingredients:

1. 51.78 mg (12.82%) of green tea extract (decaffeinated) with
GreenSelect® Phytosome technology,

2. 1.79 mg (0.44%) of brown seaweed extract,

3. Stabilizing agent (microcrystalline cellulose), Carrier (lecithin, gum
acacia, maltodextrin, cellulose gum), Viscosity reducer agent (stearic acid),
Disintegrant (sodium starch glycolate), anticaking agent (silicon dioxide), coating
(hydroxypropylmethyl cellulose, glycerin, carnauba wax)

No preservatives, no artificial colours and no artificial flavours are included.
The product is certified as a halal and vegetarian product, and has been approved by
the Food and Drug Administration, Ministry of Public Health (Thailand) with product
registration number 10-3-00745-1-0056 (see Figure 3.2 for details in Thai).
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Figure 3.2 Nutrilite™ Green-T Plus product registration
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3.3.2 Body Composition Measurement

All subjects’ whole-body composition was measured and recorded at baseline
(Week 0), Week 6, and Week 12 using an InBody Dial H20N. Product specifications
were detailed in Table 2.4 and Figure 2.2 of Chapter 2. The device technology, using
Bioelectrical Impedance Analysis (BIA) method, was able to obtain and calculate the
subjects’ weight, skeletal muscle mass, body fat mass, BMI, body fat percentage,
visceral fat level, and basal metabolic rate. Their body composition was recorded in
the InBody mobile application, which can log the aforementioned measurements.

The testing protocol was in compliance with the precautionary measures and
instructions detailed in the InBody User’s Manual (2020). Precautionary measures
were taken as follows:

1. People with medical devices including an implantable medical device
or a patient monitoring device, such as a Pacemaker, should not use the InBody.

2. Place the InBody on a flat and vibrationless floor. Placing it on an
uneven floor, like a carpet or a mattress can result in incorrect measurements.

3. Keep your InBody device away from other electronics while testing. It
may cause errors.

4. After an individual with any kind of contagious disease or infection
tests on the InBody, sterilize the device with a soft cloth or with ethyl alcohol wipes
before use.

5. Excessively high or low temperatures, humidity, and pressure can
affect the accuracy of the InBody.

6. Keep food, beverages and other liquids away from your InBody
device.

The testing instructions, detailed in the Manual, would be as follows:

1. Do not eat immediately before testing on the InBody.

Test in the morning, if possible.
Test after going to the bathroom.

2

3

4. Test prior to working out.

5. Test prior to taking a shower, bath or using a sauna.
6

Stand for about 5 minutes prior to testing.
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The subjects’ waist and hip circumferences were recorded (in centimetres)
using a measuring tape.
3.3.3 Research Study Brief

3.3.4 Consent Form
3.3.5 Personal Data Collection Form

3.3.6 Weekly Data Log

3.4 Research Procedures

3.4.1 Subject Participation

3.4.1.1 Recruitment of this independent study’s subjects from individuals
who were interested in the advertising poster via the researcher’s social media (public
post on Facebook and Instagram to allow for wider audience) in line with the
inclusion criteria (listed in Section 3.2.2).

3.4.1.2 Arrangements for the Zoom meeting or Line call briefing session
were made. Subjects were informed of the study’s objectives and procedures in detail.

3.4.1.3 If the subject was willing to participate in this study after having
been given the research brief, they were asked to sign and date the consent form.

3.4.1.4 The subjects entered their information in the personal data
collection form, which was kept separately for tracking and reference.

3.4.1.5 Date and time for the subjects’ body composition measurement
(baseline, Week 6, and Week 12) were arranged individually, and recorded once the

measurements were obtained.

3.4.2 Supplementation Procedure
Subjects were instructed at Week 6 to take Nutrilite™ Green-T Plus 1 tablet
after breakfast and 1 tablet after dinner (total of 103.56 mg of green tea extract daily)

for 6 weeks.
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3.4.3 Study Protocol
3.4.3.1 Medical history and physical examination for all participants were
taken at baseline (Week 0). Then, their body composition measurement (weight, body
fat percentage, muscle mass, and visceral fat level) was obtained using InBody H20N,
and their waist and hip circumference measured with the measuring tape.
3.4.3.2 In order to maintain consistency in the subjects’ routine
throughout the period of this study and to avoid confounders, in addition to their
online data log of each meal (for the researcher to be able to calculate average calories
intake and avoid discrepancy), they were informed of the following:
1. Continue their usual diet from pre-study period throughout the study
(avoiding additional food and drink that contain green tea),
2. Continue their usual exercise routine from pre-study period
throughout the study,
3. Avoid additional supplements that can affect thermogenesis.
3.4.3.3 Subjects’ body composition and their waist and hip circumference
measurements were measured again at Week 6 before introducing them to the green
tea extract supplementation and the same instruction as the first control period to
avoid confounders will be given.
3.4.3.4 Online follow-up sessions were conducted in Week 3, Week 6,
and Week 9 to monitor for compliance and any possible side effects or allergic
reactions to the supplement.
3.4.3.5 Body composition and waist and hip circumference measurements
of the subjects were then obtained at Week 12.
3.4.3.6 The recorded data were analyzed, discussed and concluded.
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!
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Data are analyzed, discussed, and concluded

Figure 3.3 Study protocol

26



27

3.5 Data Analysis

3.5.1 Descriptive Statistics
Subjects’ data (weight, BMI, body fat percentage, visceral fat level, and
WHR) collected at baseline, Week 6, and Week 12 were analyzed and presented as

means and standard deviations.

3.5.2 Inferential Statistics
Repeated measures ANOVA was used to compare the difference between
baseline (Week 0), Week 6 and Week 12.



CHAPTER 4

RESULTS

Eighteen (18) subjects initially recruited for this study. Three subjects
discontinued because of positive COVID-19 during the body composition
measurement follow-up sessions (2 subjects) and use of medication that might
interfere with the intervention and its effects (1 subject). Fifteen (15) subjects
remained throughout the study period of 12 weeks. The subjects’ baseline
characteristics (excluding those who discontinued during the study period) are
detailed in Section 4.1 below and calculated as means and standard deviations

presented in Table 4.1,

4.1 Subjects Baseline Characteristics

4.1.1 Gender
Fifteen (15) subjects of this 12-week study consisted of 10 females and 5
males. All subjects were in both the 6-week control condition (no green tea extract

consumption) and the 6-week experimental condition (green tea extract consumption).

4.2.2 Age

The subjects’ average age is 34 years old, with the minimum age of 30 years
old and the maximum of 39 years old. The researchers' targeted age range of 30-40
years old has been selected due to the fact that individuals in this range are working-
age individuals, who are generally healthy and at low risk of side effects from the

invention.
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4.1.3 Body Weight

The subjects’ average body weight measured at the beginning of the study was
67.8 kilograms, with the minimum of 58.9 kilograms and the maximum of 79.7
kilograms.

4.1.4 Body Mass Index (BMI)

The subjects’ average body mass index at the beginning of the study was 24.9
kg/m?, with the minimum of 23.0 kg/m? and the maximum of 27.1 kg/m?. This BMI
range (23.0 — 27.5 kg/m?) used for this study is classified as overweight by Asian
standards (WHO expert consultation, 2004).

4.1.5 Body Fat Percentage

The subjects’ average body fat percentage at the beginning of the study was
31.1%, with the minimum of 14.7% and the maximum of 38.7%. The measurement
obtained indicate that some of the subjects were actually in the healthy body fat range
(12-18% for males and 18-23% for females), while some were in the stage of obesity
(greater than 25% for males and greater than 30% in females) (DeTurk & Johnson,
2017).

4.1.6 Visceral Fat Level

The subjects’ average visceral fat level obtained from the InBody’s method at
the beginning of the study was 9.2, with the minimum of 3 and the maximum of 13.
According to this method, visceral fat level greater than 10 is an indicator of increased
health risks (InBody User’s Manual, 2020), which can be noted that some subjects

were at increased health risks.

4.1.7 Waist-to-Hip Ratio (WHR)

The subjects’ average waist-to-hip ratio at the beginning of the study was 0.85,
with the minimum of 0.77 and the maximum of 0.96. Waist-to-hip ratios higher than
0.95 in males and 0.8 in females are associated with higher risk factors for various

cardiovascular diseases (Powers & Howley, 2018).
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4.2 Outcome Data

Repeated measures ANOVA was employed to analyze the subjects’ body
composition results obtained at Baseline (Week 0), Week 6, and Week 12. Means and

standard deviations of the variables are detailed in Table 4.1 below.

Table 4.1 Comparing means of body composition variables within-group at baseline
(Week 0), Week 6, and Week 12 (n = 15)

Body Baseline Week 6 Week 12 o
Composition X (SD) X (SD) X (SD)
Body weight (kg)  67.79 (6.53) 68.50 (6.23) 68.73 (6.71) 0.030*
BMI (kg/m?) 24.89 (1.12) 25.16 (1.09) 25.29 (1.41) 0.029*
Body fat (%) 31.10 (7.65) 31.65 (7.35) 30.88 (7.60) 0.177
Visceral fat 9.20 (2.88) 9.67 (2.89) 9.13 (2.69) 0.049*
Waist-to-hip ratio 0.85 (0.06) 0.84 (0.06) 0.83 (0.05) 0.288

From Table 4.1, it is evident that within the group, out of the five outcome
variables measured, differences between means of three variables (body weight, BMI,
and visceral fat level) were statistically significantly between Baseline, Week 6, and
Week 12. The remaining two outcome variables (body fat percentage and waist-to-hip
ratio) both showed downward trends. However, the differences calculated were not
statistically significant.

To be able to discern which pair was the one that differed statistically
significantly, pairwise comparison was then employed with the aforementioned three
variables (body weight, BMI, and visceral fat level). From the results analyzed, the
means of body weight and BMI at Week 12 was significantly greater than that at
Baseline (0.94 kg with p = 0.026 and 0.40 with p = 0.020, respectively), while the
mean of visceral fat level at Week 12 was significantly less than that at Week 6 (0.53
with p = 0.044).
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Baseline (67.79) Week 6 (68.50) Week 12 (68.73)

Body weight
Baseline (24.89) Week 6 (25.16) Week 12 (25.29)
BMI
Week 12 (9.13) Baseline (9.20) Week 6 (9.67)
Visceral fat

Figure 4.1 Joining line comparison of means of body weight, BMI, and visceral fat

at different body composition measurement sessions



CHAPTER S

DISCUSSION

This experimental cross-over control study aims to examine the effects of
green tea extract on body composition, mainly body fat percentage and visceral fat
level. It was hypothesized that consumption of green tea extract will lead to reduction
in body fat percentage and visceral fat level. Subjects of this study who participated
throughout the 12-week study period are 15 healthy individuals, both male and
female, aged between 30 to 40 years old, whose body mass index (BMI) at the
beginning of the study was 23.0 — 27.5 kg/m?. Each subject’s body composition (body
weight, BMI, body fat percentage, visceral fat level, and waist-to-hip ratio) was
measured and recorded at Baseline (Week 0), Week 6, and Week 12. Green tea
extract consumption was introduced into the study at Week 6 and continued up to
Week 12. The period between Baseline — Week 6 was treated as the control condition,

while Week 6 — Week 12 was treated as the experimental condition.

5.1 Results Discussion

5.1.1 Differences in Body Composition

From the results presented in Table 4.1 in Chapter 4, there was evidence of the
gain in subjects’ body weight and simultaneously their body mass index (BMI)
throughout the period of 12 weeks. Pairwise comparison in Table 4.2 showed that the
differences between Baseline and Week 12 were statistically significant. Given that
body weight and BMI merely display an individual's total body mass and cannot
distinguish between fat mass and fat-free (such as muscle and bone) mass, the
experimental results can yet be concluded from these two variables. As a
consequence, body fat percentage along with visceral fat level were examined for

further clarification.
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Comparing differences between Baseline, Week 6 and Week 12, the subjects’
body fat percentage slightly increased during Baseline and Week 6, then decreased at
Week 12. Even when these differences were not statistically significant, when taking
this variable into consideration, it can be contended that the increase in the subjects’
body weight and BMI during Baseline and Week 6 (with no green tea extract
consumption) could be attributed to the increase in body fat. However, during Week 6
and Week 12 (with green tea extract consumption), body fat could not account for the
subjects’ increase in body weight and consequently BMI as body fat percentage
evidently decreased.

As for visceral fat level, mean differences between Baseline, Week 6, and
Week 12 shown in Table 4.1 were found to be statistically significant. Pairwise
comparison further revealed that the subjects’ visceral fat level at Week 12 (the end of
the experimental period) was significantly less than that at Week 6 (the beginning of
the experimental period in which they started green tea extract consumption), contrary

to the control period (Baseline — Week 6) in which the difference was not significant.

5.1.2 Possible Mechanisms

The findings of this study may be due to various mechanisms. As previously
discussed in Chapter 2, green tea catechins have demonstrated their ability to inhibit
catechol-O-methyltransferase (COMT), an enzyme that degrades the catecholamine
family of neurotransmitters, one of which is norepinephrine. Due to this inhibition,
norepinephrine becomes more available in the system, which in turn can result in
prolonged thermogenesis, fat oxidation, or both (Dulloo et al., 1999). This study
supports the claim with evidence of fat reduction, especially and significantly with
visceral fat level.

Another underlying mechanism that can be at play is increased metabolism. In
addition to its inhibiting effect on COMT, green tea also inhibits insulin, which
consequently improves glucose tolerance (Sinija & Mishra, 2008; Choi et al., 2020).
As a result, digested sugar will be more likely to be redirected and immediately used
by muscles rather than be converted and accumulated as body fats. Hence, the lower
level of fat, both as body fat percentage and as visceral fat level, was found by the end

of this study’s experimental period.
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The effects of green tea catechins on visceral adipose tissues can provide a
credible explanation for reduction in visceral fat. It was found that EGCG (one form
of green tea catechin), via AMP-activated protein kinase (AMPK) signaling pathway,
could activate autophagy and lipolysis of visceral white adipose tissue (Choi et al.,
2020). These mechanisms could result in reduced fat deposits because they increase
lipolysis and fatty acid oxidation, while inhibiting lipogenesis. The study’s findings
align with the proposed mechanisms, with a significant decrease in visceral fat level
following green tea extract consumption.

In addition to the aforementioned fat-reduction mechanisms, there might be
other factors which contributed to the obtained differences of this study. It is
noteworthy that the increase in body weight (and BMI) during the experimental
period was not accompanied by the increase in body fat, which in turn could be due to
an increase in muscle mass. Anti-atrophy effects of EGCG have previously been
documented. It was found that green tea EGCG had the similar ability as IGF-1 and
insulin  (the endogenous growth-promoting hormones) to suppress Foxol
(a transcription factor that promotes muscle atrophy, in adult skeletal muscle fibres
(Wimmer et al., 2015). Another study by Renno et al. (2012) found improvement in
skeletal muscle functions, repair of damaged muscle fibers, and anti-apoptotic effect
after oral administration of EGCG. These research could be an explanation of how
muscle mass was maintained. Furthermore, supporting evidence has shown that
EGCG supplementation led to increases in gastrocnemius muscle mass as well as
muscle fibers’ cross-sectional area (Meador et al., 2015). Concluding from these
studies, it might be beneficial to further investigate if this increase in body weight, in
the presence of reduced body fat, was in fact caused by an increase in muscle mass.
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5.2 Limitations and Suggestions

5.2.1 Limitations
5.2.1.1 COVID-19

1. Two (2) subjects discontinued as they were detected COVID cases
at the end of Week 6

2. Subjects reported difficulty in physical activity routines
maintenance during the period with occasional disruptions from minor outbreaks in
their communities

5.2.1.2 Discontinuation

1. One (1) subject discontinued due to additional medication
prescribed by the subject’s own physician after the baseline body composition
measurement session

2. Preferable if more subjects were able to participate throughout the
study

5.2.1.3 Consumption duration and daily dosages

1. Many long-term studies had longer consumption duration (8 to 24
weeks) and higher daily dosages (140.8 to 1345 mg per day of green tea extract
consumption)

2. This study’s shorter consumption duration (6 weeks) and lower
daily dose (103.56 mg) might explain why the results are yet to be statistically
significant

5.2.1.4 Experimental cross-over control study design
Although the study design could help to control for various confounding
factors, it could not control for events (such as Songkran) that might occur during the

passage of the experimental period

5.2.2 Suggestions
Given that body weight and BMI increased in light of fat reduction, further
research is needed to understand green tea and its potential effects on fat loss and

concurrent muscle gain
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5.3 Conclusion

In this experimental cross-over control study, a daily dosage of 103.56 mg
green tea extract consumption for 6 weeks can lead to a statistically significant
decrease in visceral fat level in overweight Thai subjects, when compared with the

control period.
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PERSONAL DATA COLLECTION FORM
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APPENDIX E

SUBJECT BODY COMPOSITION RECORD
(FOR RESEARCHERYS)
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Subj. Week 0 Week 6 Week 12

code Weight | BMI | %fat | V.fat | WHR | Weight | BM %fat | V.fat | WHR | Weight | BMI | %fat | V.fat | WHR
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APPENDIX F

COMPARISON OF MEANS OF BMI, BODY FAT PERCENTAGE,
AND VISCERAL FAT LEVEL AT DIFFERENT BODY
COMPOSITION MEASUREMENT SESSIONS

== BMI Body fat (%) Visceral fat
40

30.88

30
24.89 25.16 25.29

20

10 e e U

Baseline Week 6 Week 12
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APPENDIX G

PAIRWISE COMPARISON OF MEANS OF BODY WEIGHT,
BMI, AND VISCERAL FAT BETWEEN DIFFERENT
MEASUREMENT SESSIONS

o Baseline — Baseline — Week 6 —
Body Composition
Week 6 Week 12 Week 12
Body weight (kg)
Mean difference -0.71 -0.94 -0.23
p? 0.190 0.026* 1.000
BMI
Mean difference -0.27 -0.40 -0.13
p? 0.279 0.020* 1.000
Visceral fat
Mean difference -0.47 0.07 0.53
p? 0.268 1.000 0.044*
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