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We investigated the effect of consumption of a catechin-containing drink on body fat level and its 
safety in healthy adults.  The beverage (250 ml/bottle) contained 215.3 mg of tea catechins 
mostly possessing a galloyl moiety, which included (−)-epigallocatechin gallate 74.6 mg, 
(−)-epicatechin gallate 34.1 mg, (−)-gallocatechin gallate 77.8 mg, (−)-catechin gallate 24.5 mg.  
We conducted a double-blind study with three parallel groups.  Healthy subjects (98 men and 97 
women) aged from 20 to 65 years old with 22.5 < BMI ≤ 30 kg/m2 were assigned to consume 1) 3 
bottles of placebo drink (control group), 2) 2 bottles of catechin-containing drink and 1 bottle of 
placebo drink (low-dose group), or 3) 3 bottles of catechin-containing drink (high-dose group), per 
day at mealtimes for 12 wk (daily consumption of catechins was 41.1 mg, 444.3 mg or 665.9 mg 
respectively).  Compared to the value at 0 wk, consumption of two or three bottles of 
catechin-containing drink results in significant decrease in body weight and BMI at 8 and 12 or 4, 
8 and 12 wk, respectively.  Body weight and BMI was significantly decreased in both catechin 
groups compared with the control group from 4 to 12 wk.  The measurements of abdominal fat 
areas indicated significant reduction of total fat area and visceral fat area in both catechin groups 
compared with the control group at 12 wk. Thus our present observations suggest that 
consumption of a catechin-containing drink may be useful for the prevention of obesity-related 
disorders. 
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INTRODUCTION 

 
An increase in the hyperlipidemic 

population in Japan is probably due to 
changes in eating habits and lack of exercise.  
In particular, an increase in fat intake despite 
a decrease in total calorie intake contributes 
considerably to the increase.  There is a re-
port that the relative amount of fat in a diet 
may influence adiposity.1)  The accumula-
tion of fat, especially visceral fat, leads to 
metabolic disorders such as glucose intoler-
ance and hyperlipidemia,2) which are risk 
factors for coronary artery disease.3)  

Green tea is rich in polyphenols, which 
contribute to its astringent/bitter taste. Green 
tea polyphenols mainly consist of catechins 
including (−)-epigallocatechin gallate 
(EGCg), (−)-epicatechin gallate (ECg), 
(−)-epigallocatechin (EGC) and (−)-epicate- 
chin (EC). In the process of manufacturing 
canned and bottled tea beverages, parts of 
these authentic catechins were easily epimer-
ized, and their corresponding epimers, 
(−)-gallocatechin gallate (GCg), (−)-catechin 
gallate (Cg), (−)-gallocatechin (GC) and 
(−)-catechin (C) were formed. 4,5)  Green 
tea catechins have several physiological 
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activities such as antioxidative action,6-8) 
cancer-inhibiting action,9) hypoglycemic ac-
tion 10), and anti-hypertensive action,11) and 
have been recognized as important compo-
nents of green tea.12)    

The authors have recently reported that 
a 12 week (wk) consumption of a tea cate-
chin-containing drink effectively decreased 
serum total cholesterol in subjects with 
borderline or mild hypercholesterolemia.13)  
Animal studies have also provided evidence 
that tea catechins or green tea extract modu-
late lipid metabolism, through reduction of 
triacylglycerols,14-16) inhibition of fat 
accumulation17,18) and enhancement of en-
ergy expenditure.19) In addition, an 
epidemiological study showed an inverse 
association between the number of cups of 
tea consumed and body fat content20) and 
intervention study showed tea catechins 
reduced body fat.21) Therefore, green tea, or 
its major constituents, tea catechins, have 
attracted much attention in regard to body fat 
reducing action.  In the present study, we 
investigated the effectiveness of 12 wk 
consumption of a tea catechin-containing 
drink with a little caffein on body fat re-
duction and evaluated its safety in healthy 
adult men and women showing 22.5 < BMI 
≤ 30 kg/m2.  
 

MATERIALS AND METHODS 
 
Subjects - The subjects , who were 
volunteers living in Osaka, were recruited by 
Soiken Inc. Four weeks prior to the study, 
preliminary screening was conducted and 
197 subjects showing a BMI of 22.5 < BMI 
≤ 30 kg/m2 were selected.  Excluded from 
the subjects were those who were taking 
medicines or health foods which may affect 
lipid metabolism, who had a history of food 
allergy, who had had 200 ml blood with-
drawn within 1 month or 400 ml within 3 
months, or who were judged to be 
inappropriate by the study investigator. The 
study subjects meeting the criteria were 98 
men and 99 women ranging in age from 20 
to 65 years old.  Only 2 subjects discontin-
ued participation in this study at 12 wk for 
personal reasons.  The final effective 

number of subjects was 195 (including 98 
men and 97 women, mean age: 43.0 ± 12.0 
years old).  The present study was initiated 
upon ap proval by the joint investigational 
review board of the General Medical 
Research Center K.K. and Soiken Clinic 
(Osaka, Japan). According to the Helsinki 
Declaration, the subjects were fully informed 
regarding the content and method of this 
study, and informed consent in writing was 
obtained prior to the study. 
Study drink - The study drink contained 
mainly tea catechins with a galloyl moiety 
(EGCg, ECg, GCg and Cg) derived from tea 
extract, THEA-FLAN 90S produced by ITO 
EN, LTD.  (hereinafter referred to as the 
catechin drink).  This drink also included 
catechin-free green tea extract, which was 
made to remove catechin with 
polyvinylpolypyrrolidone,22) in order to ad-
just its taste, cyclodextrin and vitamin C.  
The ingredients of the placebo drink were 
the same as those of the catechin drink ex-
cept that the latter contained the tea extract, 
THEA-FLAN 90S.  The catechin composi-
tion of the study drink is shown in Table 1.  
Both test drinks contained nearly equal 
amounts of caffeine (catechin drink: 16.4 mg 
and placebo drink 17.4 mg). Prior to initia-
tion of the study, it was confirmed that the 
catechin drink could not be distinguished 
from the placebo drink by flavor, taste or 
packaging. Catechins and caffeine in study 
drinks were analyzed by the modified 
method of Goto et al.23)

 
Table 1. Catechin compositions of study 

drinks 

(-)-Epigallocatechin gallate
(-)-Epicatechin gallate
(-)-Gallocatechin gallate
(-)-Catechin gallate
(-)-Epigallocatechin
(-)-Epicatechin
(-)-Gallocatechin
(-)-Catechin
Total catechins

Catechin drink Placebo drink
mg/ bottle (250 ml)

74.6 3.1
34.1
77.8
24.5
0.7
1.6
1.1
0.9

215.3

ND1

2.5
2.7
2.5
0.4
1.4
1.1

13.7
1 Abbreviations used: ND, not detected 
   
Protocol - We conducted a double-blind 
study with three parallel arms.  The study 
period consisted of a 2 wk run-in period, 12 
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wk intake period, and an 8 wk withdrawal 
period.  The subjects were divided into 3 
groups based on the  results of the prelimi-
nary screening (blood tests and physical 
examinations) so that the three groups were 
uniform in background, including age, BMI 
and waist/hip ratio.  The study drinks were 
consumed according to the following 
method. 

Control group: each subject consumed 
1 bottle of placebo drink at mealtimes, 
breakfast, lunch and dinner, for a total of 3 
placebo bottles/day. Total intake of cate-
chins: 41.1 mg/day. 

Low-dose group: each subject con-
sumed 1 bottle of the catechin drink at 
breakfast and dinner and a placebo drink at 
lunchtime, for a total of 2 catechin bottles 
and 1 placebo bottle. Total intake of cate-
chins: 444.3 mg/day. 

High-dose group: each subject con-
sumed 1 bottle of the catechin drink at meal-
times, breakfast, lunch and dinner, for a total 
of 3 catechin bottles.  Total intake of  cate-
chins: 665.9 mg/day. 

The subjects were instructed not to 
change daily activities including eating hab-
its, smoking and exercise except for drinking 
the assigned bottles of drink on a daily basis.   
Nutrition survey and determination of 
physical activity - The subjects were in-
structed to record the contents of daily meals, 
snacks and beverages in a dietary diary for 3 
consecutive days prior to the following 
examination days: on the first day of intake 
(0 wk), and every 4 wk after beginning of in-
take period. The respective daily intake of 
energy, protein, fat, carbohydrate, cholesterol, 
and dietary fiber was calculated from the di-
ary record by nutritionists using 
HealthyMaker Pro 501 (MushroomSoft Co, 
Ltd.).  Physical activity was measured by 
the number of steps taken using a pedometer.  
The subjects were instructed to record daily 
alcohol intake in a diary whenever alcohol 
drinks were consumed during the study 
period.  
Anthropometric measurements - All meas-
urements were performed by investigators 
trained in anthropometric measurements. 
Height was measured without shoes to the 

nearest 0.1 cm. Body weight was measured 
without shoes or heavy outer clothing and re-
corded to the nearest 0.1 kg using a scale 
(Tanita TBF-614, Tanita, Tokyo, Japan). 
Waist circumference was measured as the 
smallest location of the midsection, and hip 
circumference was measured at the location 
of the greatest gluteal mass. Both waist and 
hip circumferences were measured to the 
nearest 0.1 cm in the standing position. 
These measurements were performed at 2 
wk prior to the first day of intake (−2 wk), 
on the first day of intake (0 wk), and every 4 
wk after beginning of intake period.  
Measurement of fat by computed 
tomography (CT) - Except for women less 
than 35 years old, all subjects underwent ab-
dominal fat analysis using CT scanning.  
Based on the images taken by abdominal CT 
across the 4th and 5th lumbar vertebrae 
cross-sections, the total fat area (TFA), vis-
ceral fat area (VFA) and subcutaneous fat 
area (SFA) were estimated using PC soft-
ware Fat Scan (N2 System K.K.). CT 
analysis was performed at 0, 12, and 20 wk.  
On the day of the examination, the subjects 
fasted for at least 4 h and were not allowed 
to drink for 2 h prior to the examination. CT 
analysis was performed with either Asteion 
Super 4 Edition or Xlead (Toshiba Medical 
Systems Corporation, Tochigi, Japan). 
Blood sampling and clinical analysis - Af-
ter a 12 h fast, blood samples were collected 
for hematological and biochemical analysis 
at –2, 0, 4, 8, 12, 16 and 20 wk. Measure-
ment parameters were blood cell compo-
nents (leukocytes, erythrocytes, hemoglobin, 
hematocrit, platelet counts), triacylglycerol, 
total cholesterol, LDL-cholesterol, 
HDL-cholesterol, ketone body fractions, fer-
ritin, amylase, cholinesterase, aspartate ami-
notransferase, alanine aminotransferase, 
γ-glutamyl transpeptidase, lactate dehydro-
genase, alkaline phosphatase, uric acid, urea 
nitrogen, creatinine, total proteins, albumin, 
total bilirubins, direct bilirubin, fasting glu-
cose level, glycated hemoglobin, creatinine 
phosphokinase, insulin, unsaturated iron 
binding capacity (UIBC), Fe, IP, Na, K, Cl, 
Ca, and Mg.  The analyses were all out-
sourced to specialized clinical testing 
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companies: SRL, Inc. and Osaka Serum 
Microbiology Institute.  
Adverse events - Adverse events were 
measured by questionnaires at −2, 0, 4, 8, 12, 
16 and 20 wk.  Incidence of subjective 
symptoms such as systemic fatigue, lack of 
appetite, nausea, diarrhea, vomiting, and 
headache, and other adverse events were re-
ported. 
Statistical analysis - Values are expressed as 
means ± SEM.  Variation patterns in the 
physical examination and serum lipids dur-
ing the administration periods, and the 
interactions between the administration peri-
ods and the study groups were analyzed by 
two-way repeated-measure ANOVA between 
the control group and the low-dose group or 
between the control group and the high-dose 
group.  Significant differences among study 
groups for the same period were determined 
by the Bonferroni method.  To compare the 
differences with 0 wk within the study 
groups paired t-tests were performed for ab-
dominal fats. To compare the differences 
with 0 wk within the study groups, the Bon-
ferroni method was used for nutrient intakes, 
physical activity, anthropometric measure-
ments and blood tests.  These statistical 
calculations were performed with SPSS Ver. 
11.5 (SPSS Inc.).   
 

RESULTS 
 
Nutrient intake, alcohol consumption and 
physical activity 

Table 2 shows nutrient intake, alcohol 
consumption and physical activity. There 
were no significant differences among the 
study groups in any parameters tested.  No 
significant variations were found during the 
intake period.  
 
Anthropometric measurements 

The repeated-measure ANOVA revealed 
significant differences in body weight (P < 
0.001), BMI (P < 0.001) and waist 
circumference (P < 0.05) between the con-
trol group and the low-dose group; and in the 
body weight (P < 0.001) and BMI (P < 
0.001) between the control group and the 
high-dose group (Table 3).  Body weight 

and BMI increased significantly in the con-
trol group at 8, 12, 16 and 20 wk compared 
to the value at 0 wk (P < 0.001 for all), 
whereas body weight and BMI decreased 
significantly in both catechin groups 
(low-dose group: 8 wk P < 0.05, 12 wk P < 
0.001; high-dose group: 4, 8, and 12 wk P < 
0.001 for all) (Table 3).  Waist circumfer-
ence and waist/hip ratio decreased signifi-
cantly in both catechin groups at 12 wk 
(waist: P < 0.05 in the low-dose group; P < 
0.01 in the high-dose group; waist/hip ratio: 
P < 0.01 for both) (Table 3).  Hip 
circumference did not change in any group 
(Table 3).  Figure 1 shows the change in 
Body weight and BMI.  Compared with the 
control group, Body weight and BMI was 
significantly lowered in both catechin groups 
between 4 and 20 wk. There were also 
significant differences between the low-dose 
group and the high-dose group at 4 and 8 wk 
in Body weight and BMI (Figure 1).  
 
Body fat analysis 

Table 4 shows body fat composition. 
TFA was significantly increased at 12 wk 
compared with the value at 0 wk in the con-
trol group (P < 0.01), whereas in both cate-
chin groups it was significantly decreased (P 
< 0.05 for both).  VFA demonstrated a 
significant increase at 12 wk compared with 
the value at 0 wk in the control group (P < 
0.05). However, it was significantly de-
creased in both low- and high-dose groups 
(P < 0.01 for both).   There were no 
significant variations in SFA in any group.  
Figure 2 shows the changes of TFA and VFA, 
which indicated significant differences be-
tween the control group and both catechin 
groups at 12 wk in all subjects. 
 
Serum lipids 

Table 5 shows change in serum lipids. 
ANOVA indicated significant differences in 
total cholesterol (P < 0.01), LDL-cholesterol 
(P < 0.05) between the control group and the 
low-dose group, and in total cholesterol (P < 
0.001) and LDL-cholesterol (P < 0.01) be- 
tween the control group and the high-dose 
group.  Total cholesterol significantly in 
creased in the control group at 8 wk (P < 
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0.05 ) and 16wk (P < 0.01) compared with 
the value at 0wk, whereas it significantly de-
creased in the high-dose group at 12 wk (P < 
0.01).  In the high-dose group, total choles-

terol significantly decreased from 4 to 16 wk 
compared with the control group. In the 
low-dose group, it significantly decreased at 
8 and 12 wk compared with the control 

 
Table 2. Intake of nutrient components and alcohol consumption, and physical activity of men 

and women consuming tea catechins for 12 wk1

 

group
Energy, kJ/day Control 8647 ± 248 8540 ± 221 8697 ± 245 8389 ± 209 8520 ± 249 8533 ± 250

Low-dose 8157 ± 202 8332 ± 213 8271 ± 214 8370 ± 225 7877 ± 199 8159 ± 241
High-dose 8353 ± 212 8506 ± 233 8661 ± 275 8775 ± 263 8574 ± 216 8353 ± 243

Protein, g/day Control 76.6 ± 2.3 77 ± 2.5 80.1 ± 2.7 76.7 ± 2.4 80.5 ± 2.9 80.5 ± 3
Low-dose 77.6 ± 2.4 79.3 ± 2.6 78.3 ± 2.5 78.2 ± 2.6 74.5 ± 2.3 79.3 ± 2.8
High-dose 77.6 ± 2.5 81.3 ± 2.8 82.2 ± 3.2 81.2 ± 3.2 80.4 ± 2.7 75.5 ± 2.7

Fat, g/day Control 59 ± 2.2 58.1 ± 2.1 61.4 ± 2.3 61.7 ± 2.3 60 ± 2.4 60.1 ± 2.4
Low-dose 55 ± 2.1 58.9 ± 2.2 59.7 ± 2.3 57.1 ± 1.8 55.7 ± 1.9 58 ± 2.2
High-dose 58.7 ± 2.2 59 ± 2.2 62.5 ± 2.6 60.1 ± 2.4 58.7 ± 2.1 56 ± 2.2

Carbohydrate, g/day Control 267 ± 8.2 266 ± 8 263 ± 8.4 254 ± 7.9 259 ± 8.7 258 ± 8
Low-dose 255 ± 6.7 254 ± 6.7 254 ± 7 260 ± 8 251 ± 7.4 250 ± 7.7
High-dose 253 ± 7.9 258 ± 8.5 256 ± 8.8 269 ± 8.2 260 ± 7.8 259 ± 7.6

Cholesterol, mg/day Control 380 ± 17 368 ± 18 400 ± 19 397 ± 16 413 ± 21 415 ± 21
Low-dose 386 ± 19 410 ± 21 406 ± 19 378 ± 17 379 ± 20 423 ± 22
High-dose 387 ± 20 433 ± 24 446 ± 23 420 ± 21 408 ± 20 393 ± 21

Dietary fiber, g/day Control 13.5 ± 0.5 14 ± 0.5 14 ± 0.6 13.4 ± 0.6 13.5 ± 0.5 13 ± 0.5
Low-dose 13.6 ± 0.6 13.6 ± 0.6 13.5 ± 0.6 13.8 ± 0.6 13.4 ± 0.5 13.4 ± 0.6
High-dose 13.3 ± 0.5 13.1 ± 0.5 13.8 ± 0.6 14.2 ± 0.6 13.5 ± 0.5 13.6 ± 0.5

Alcohol, g/day Control 21.8 ± 3.7 19 ± 3.3 18.1 ± 3.3 16.5 ± 3 22.1 ± 3.5 16.5 ± 3
Low-dose 14.2 ± 2.7 15.5 ± 2.9 13.3 ± 2.5 19.7 ± 8.1 13.4 ± 2.6 11.9 ± 2.5
High-dose 20.7 ± 3.6 18.2 ± 3.3 18 ± 3.3 17.9 ± 3.3 22 ± 3.8 17.9 ± 3.3

Physical activity2 Control 9471 ± 482 9653 ± 489 8948 ± 466 8914 ± 436 9184 ± 1118 8378 ± 412
Low-dose 10185 ± 1635 9124 ± 609 8497 ± 439 8647 ± 419 8366 ± 403 8337 ± 408
High-dose 9646 ± 547 9640 ± 647 9728 ± 547 10344 ± 923 9220 ± 509 9947 ± 732

Intake period Withdrawal
0 wk 4 wk 8 wk 12 wk 16 wk 20 wk

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 Values are means ± SEM, n = 66 (Control group), 65 (Low-dose group) or 64 (High-dose group). 
2 Number of steps per day.  

 
 

Table 3. Anthropometric measurements of men and women consuming tea catechins for 12 wk1,2

ANOVA
group

BW, kg Control 68.6 ± 1.1 68.7 ± 1.1 69.0 ± 1.1 69.2 ± 1.1### 69.3 ± 1.1### 69.4 ± 1.1### 69.4 ± 1.1###
Low 68.4 ± 1.1 68.4 ± 1.1 68.3 ± 1.1 68.1 ± 1.1# 67.9 ± 1.2### 68.1 ± 1.1 68.1 ± 1.1 P < 0.001
High 68.5 ± 1.1 68.4 ± 1.1 68.0 ± 1.1### 67.8 ± 1.1### 67.8 ± 1.1### 68.1 ± 1.1 68.3 ± 1.1 P < 0.001

BMI, kg/m2 Control 25.7 ± 0.3 25.7 ± 0.3 25.8 ± 0.3 25.9 ± 0.3### 25.9 ± 0.3### 26.0 ± 0.3### 26.0 ± 0.2###
Low 25.6 ± 0.2 25.6 ± 0.2 25.5 ± 0.2 25.5 ± 0.2# 25.4 ± 0.2### 25.4 ± 0.2 25.5 ± 0.2 P < 0.001
High 25.7 ± 0.2 25.7 ± 0.2 25.5 ± 0.2### 25.5 ± 0.2### 25.5 ± 0.2### 25.6 ± 0.2 25.6 ± 0.2 P < 0.001

WC, cm Control 83.4 ± 1.0 83.3 ± 1.0 83.6 ± 1.0 83.4 ± 0.9 83.4 ± 0.9 83.6 ± 0.9 83.6 ± 0.9
Low 83.7 ± 1.0 83.6 ± 1.0 83.6 ± 1.0 83.3 ± 1.0 82.7 ± 1.0# 83.4 ± 1.0 83.3 ± 1.0 P < 0.05
High 83.6 ± 0.8 83.5 ± 0.8 83.4 ± 0.8 83.1 ± 0.8 82.7 ± 0.8## 83.4 ± 0.8 83.4 ± 0.8

HC, cm Control 99.2 ± 0.6 98.9 ± 0.6 99.0 ± 0.6 99.1 ± 0.6 99.0 ± 0.5 99.1 ± 0.5 99.1 ± 0.5
Low 98.9 ± 0.6 98.5 ± 0.6 98.8 ± 0.7 98.6 ± 0.6 98.7 ± 0.6 98.8 ± 0.6 98.7 ± 0.6
High 98.7 ± 0.5 98.5 ± 0.6 99.0 ± 0.5 98.6 ± 0.5 98.8 ± 0.5 98.7 ± 0.5 98.6 ± 0.5

Waist/hip Control 0.840 ± 0.007 0.842 ± 0.007 0.844 ± 0.007 0.841 ± 0.007 0.841 ± 0.007 0.843 ± 0.007 0.843 ± 0.007
Low 0.846 ± 0.007 0.848 ± 0.007 0.845 ± 0.008 0.843 ± 0.007 0.837 ± 0.007## 0.843 ± 0.007 0.843 ± 0.007
High 0.846 ± 0.007 0.848 ± 0.007 0.843 ± 0.006 0.842 ± 0.007 0.837 ± 0.007## 0.844 ± 0.006 0.845 ± 0.006

Run in Intake period Withdrawal
-2 wk 0 wk 4 wk 8 wk 12 wk 16 wk 20 wk

1 Values are means ± SEM, n = 66 (Control group), 65 (Low-dose group) or 64 (High-dose group). Significantly different from the 
value at 0 wk: # P < 0.05, ## P < 0.01, ### P < 0.001. 

2 Abbreviations used: BW, body weight; WC, waist circumference; HC, hip circumference; Control, control group; Low, low-dose 
group; High, high-dose group; ANOVA, two-way repeated-measure ANOVA. 
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 Total fat area, cm2 Control 293 ± 7 300 ± 8## 300 ± 8
Low 293 ± 8 285 ± 8# 287 ± 8
High 293 ± 7 285 ± 8# 287 ± 8

Visceral fat area, cm2 Control 107 ± 4 111 ± 4# 110 ± 4
Low 107 ± 4 103 ± 4## 103 ± 5
High 108 ± 4 103 ± 4## 104 ± 5

Subcutaneous fat area, cm2 Control 185 ± 7 189 ± 7 189 ± 8
Low 186 ± 7 183 ± 7 184 ± 7
High 185 ± 7 182 ± 7 183 ± 7

Withdrawal
20 wkgroup Intake period

0 wk 12 wk

 
 
 
 
 
 
 
 
 

Figure 1. Change of Body Weight (A) and BMI (B) in men and women consuming tea catechins for 12 
wk. ●, control group (n = 66); □, low-dose group (n = 65); △, high-dose group (n = 64). Each point 
represents the mean ± SEM.  Those in the same study period not sharing a letter differ, p<0.05. 

 
 

Table 4. Body fat composition of men and women consuming tea catechins for 12 wk1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 Values are means ± SEM, control group (n = 58), low-dose group (n = 56), high-dose group (n = 56). 
Significantly different from the value at 0 wk: # P < 0.05, ## P < 0.01.
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Figure 2. Change of total fat area (TFA) (A) and visceral fat area (VFA) (B) in men and women consuming tea 
catechins for 12 wk. ●, control group (n = 58); □, low-dose group (n = 56); △, high-dose group (n = 56). Each point 
represents the mean ± SEM.  Those in the same study period not sharing a letter differ, p<0.05. 
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Table 5. Concentration of serum lipids of men and women consuming tea catechins for 12 wk1,2

1 Values are means ± SEM, n = 66 (Control group), 65 (Low-dose group) or 64 (High-dose group). Significantly different 
from the value at 0 wk: # P < 0.05, ## P < 0.01, ### P < 0.001. Values not sharing a superscript are significantly different 
among the groups for the same time (P < 0.05). 

2 Abbreviations used: TC, total cholesterol; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; TG, triacylglycerol; 
Control, control group; Low, low-dose group; High, high-dose group; ANOVA, two-way repeated-measure ANOVA. 

3 Four-, 8-, 12-, 16- and 20-wk values minus 0-wk value. 
 
group. Significant increases of HDL choles-
terol were noted in the low-dose group at 4 
and 20 wk (P < 0.01 for both) compared 
with the value at 0 wk. There were also 
significant increases in the control group at 8 
wk (P < 0.05). LDL-cholesterol was 
significantly lowered in the high-dose group 
at 8 and 12 wk compared with the control 
group, and significantly lowered in the 
low-dose groups at 12 wk compared with the 
control group. Triacylglycerol was signifi-
cantly lowered in the high-dose group at 16 
wk compared with the control group.  
 
Changes in general blood biochemical test 
data and blood test data (Data not shown) 

There was a significant increase in 
blood glucose with fasting in the control 
group at 12 wk (5.16 ± 0.06 mmol/l) com-
pared with that at 0 wk (4.99 ± 0.05 mmol/l) 
(P < 0.01).  In the low-dose group, serum 
amylase demonstrated a significant increase 
at 12 wk (62.8 ± 3.1 µU/l) compared with 
that at 0 wk (58.3 ± 2.7 µU/l) (P < 0.05), 

whereas the inorganic phosphorus and urea 
nitrogen levels showed significant decreases 
(inorganic phosphorus: 1.06 ± 0.02 mmol/l; 
urea nitrogen: 4.53 ± 0.13 mmol/l) at 4 wk 
compared with those values at 0 wk (inor-
ganic phosphorus: 1.12 ± 0.02 mmol/l; urea 
nitrogen: 4.98 ± 0.15 mmol/l) (inorganic 
phosphorus: P < 0.01 and urea nitrogen P < 
0.001).  Direct bilirubin was significantly 
decreased at 12 wk (4.71 ± 0.21 µmol/l) in 
the low-dose group compared with the value 
at 0 wk (5.55 ± 0.25 µmol/l) (P < 0.01).  
Erythrocyte counts showed a significant 
reduction at 12 wk (4.58 ± 0.05 × 1012 /l) in 
the high-dose group compared with the value 
at 0 wk (4.71 ± 0.04 × 1012 /l) ( P < 0.001).  
There was a significant increase in the hemo-
globin level in the control group at 8 wk 
(143 ± 0.2 g/l) compared with the value at 0 
wk (141 ± 0.2 g/l) (P < 0.01), whereas there 
was a significant decrease at 12 wk (138 ± 
0.2 g/l) in the high-dose group compared 
with the value at 0 wk (142 ± 0.2 g/l) (P < 
0.01).  There were no clinically significant 

ANOVA
Group

TC, mmol/l Control 5.69 ± 0.11 5.55 ± 0.10 5.67 ± 0.10 5.82 ± 0.11# 5.76 ± 0.11 5.88 ± 0.12## 5.74 ± 0.11#
Low 5.67 ± 0.15 5.65 ± 0.13 5.60 ± 0.13 5.66 ± 0.14 5.54 ± 0.10 5.77 ± 0.13 5.76 ± 0.13 P <  0.01
High 5.64 ± 0.12 5.61 ± 0.12 5.45 ± 0.12 5.48 ± 0.11 5.39 ± 0.10## 5.64 ± 0.12 5.60 ± 0.12 P <  0.001

Change3, mmol/l Control 0.11 ± 0.06a 0.27 ± 0.08a 0.21 ± 0.07a 0.32 ± 0.07a 0.19 ± 0.06
Low -0.05 ± 0.06ab 0.01 ± 0.07b -0.11 ± 0.07b 0.13 ± 0.06ab 0.11 ± 0.07
High -0.16 ± 0.06b -0.14 ± 0.06b -0.23 ± 0.06b 0.03 ± 0.08b -0.02 ± 0.08

HDL-C, mmol/l Control 1.40 ± 0.04 1.39 ± 0.04 1.44 ± 0.04 1.46 ± 0.04# 1.43 ± 0.04 1.40 ± 0.04 1.44 ± 0.04
Low 1.38 ± 0.04 1.37 ± 0.03 1.46 ± 0.04## 1.43 ± 0.04 1.39 ± 0.04 1.42 ± 0.04 1.44 ± 0.04##
High 1.42 ± 0.04 1.42 ± 0.04 1.45 ± 0.04 1.43 ± 0.04 1.41 ± 0.04 1.44 ± 0.05 1.42 ± 0.04

Change, mmol/l Control 0.04 ± 0.02 0.06 ± 0.02 0.03 ± 0.02 0.01 ± 0.02 0.04 ± 0.02
Low 0.09 ± 0.02 0.06 ± 0.02 0.02 ± 0.02 0.05 ± 0.02 0.07 ± 0.02
High 0.03 ± 0.02 0.01 ± 0.02 0.00 ± 0.03 0.02 ± 0.02 0.00 ± 0.03

LDL-C, mmol/l Control 3.47 ± 0.10 3.47 ± 0.09 3.50 ± 0.10 3.60 ± 0.10 3.59 ± 0.10 3.60 ± 0.10 3.53 ± 0.11
Low 3.46 ± 0.13 3.56 ± 0.12 3.39 ± 0.12 3.48 ± 0.12 3.39 ± 0.11 3.57 ± 0.11 3.57 ± 0.11 P <  0.05
High 3.46 ± 0.11 3.50 ± 0.11 3.34 ± 0.11 3.32 ± 0.10 3.31 ± 0.10 3.43 ± 0.11 3.41 ± 0.11 P <  0.01

Change, mmol/l Control 0.03 ± 0.06 0.13 ± 0.07a 0.12 ± 0.07a 0.14 ± 0.06 0.06 ± 0.06
Low -0.17 ± 0.06 -0.08 ± 0.07ab -0.17 ± 0.06b 0.01 ± 0.06 0.01 ± 0.07
High -0.16 ± 0.06 -0.18 ± 0.07b -0.19 ± 0.06b -0.07 ± 0.09 -0.09 ± 0.09

TG, mmol/l Control 1.98 ± 0.11 1.79 ± 0.09 1.85 ± 0.11 1.91 ± 0.12 1.92 ± 0.27 1.93 ± 0.14 1.77 ± 0.09
Low 1.95 ± 0.12 1.80 ± 0.10 1.89 ± 0.17 1.89 ± 0.15 1.98 ± 0.29 1.65 ± 0.09 1.60 ± 0.09
High 1.89 ± 0.10 1.92 ± 0.12 1.74 ± 0.10 1.87 ± 0.16 1.74 ± 0.12 1.65 ± 0.11 1.76 ± 0.15

Change, mmol/l Control 0.06 ± 0.10 0.12 ± 0.10 0.13 ± 0.27 0.14 ± 0.13a -0.02 ± 0.08
Low 0.09 ± 0.14 0.09 ± 0.11 0.18 ± 0.28 -0.15 ± 0.10ab -0.20 ± 0.08
High -0.18 ± 0.10 -0.05 ± 0.13 -0.18 ± 0.11 -0.27 ± 0.10b -0.16 ± 0.15

Run in Intake period Withdrawal
-2 wk 0 wk 4 wk 8 wk 12 wk 16 wk 20 wk
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decreases in Fe, UIBC or ferritin in any 
group.  Although significant changes were 
found in the study period for other items 
tested, the variations were similar to those in 
the control group; they were within the nor-
mal range without exception.  
Adverse events 

During the study periods, 34 cases of 
cold-like symptoms (control group, 15; 
low-dose group, 12; high-dose group, 7), 3 
cases of eczema (1 in each group), 7 cases of 
diarrhea or soft stools (control group, 1; 
low-dose group, 4; high-dose group, 2), and 
1 case of lack of appetite (high-dose group) 
were reported.  Recovery from each of 
these symptoms was spontaneous in the 
course of the study. 
 

DISCUSSION 
 

Obesity is defined as an excess of adi-
pose tissue, and many people suffer from it 
in modern society.  In Japan, obesity is 
specified as a BMI ≥ 25 kg/m2, and the ratio 
of obesity was 25.5% according to the 2001 
National Nutrition Survey24) and the ratio of 
obesity among the general population is in-
creasing year by year.  Obesity is one of the 
serious risk factors for ‘lifestyle-related 
diseases’ mentioned by the Ministry of 
Health and Welfare in Japan in 1996.  Life-
style-related diseases included hypertension, 
diabetes, hyperlipidemia and atherosclerotic 
disease.  

In the present study, using adult men 
and women showing 22.5 < BMI ≤ 30 as 
subjects, we investigated the effectiveness of 
tea catechin-containing beverages on the 
reduction of body fats and its safety when 
the drinks were consumed for 12 wk at two 
dosage levels.  The results revealed signifi-
cant decreases in body weight, BMI, waist 
circumference and waist/hip ratio in both the 
low- and high-dose groups.  Measurement 
of the abdominal fat area indicated signifi-
cant decreases in TFA and VFA in both low- 
and high-dose groups.  In both the low- and 
high-dose groups, there were no significant 
differences in the body fat reducing effect at 
12 wk, but the expression of the effect was 
definitely earlier in the high-dose group. 

Two types of obesity are currently 
known: the subcutaneous type in which fat 
accumulates predominantly in the subcutis, 
and the visceral type which is characterized 
by a marked fat accumulation in the abdomi-
nal cavity and frequent association with 
metabolic aberrations such as glucose 
intolerance and hyperlipidemia.2) Yamashita 
et al. referred to this condition as “visceral 
fat syndrome,” which includes visceral fat 
accumulation, glucose intolerance, hyperlipi-
demia, and hypertension as a highly athero-
genic state with a cluster of risk factors 
based upon visceral fat accumulation, 
irrespective of body weight.25)    Therefore, 
it is very important to reduce body fat, espe-
cially visceral fat, for the prevention of life-
style-related diseases. 

In the control group, body weight and 
BMI increased during the administration of 
drinks.  It was reported that body weight 
and total cholesterol generally increase from 
summer to winter.26)  The increase in body 
weight in the control group may be attribut-
able to the effects of seasonal factors since 
the study was conducted during the period 
from fall to winter (intake period: from 
9/20/2003 to 12/13/2003).   

Tea, as well as coffee is a popular drink, 
and has been regarded as a drink for a 
healthy life.  With the advancement of 
modern science, ingredients such as caffeine 
and catechins were identified, and their 
physiological functions have been investi-
gated. In Japan, green tea is a popular drink, 
and catechins, which are major components 
of tea, have been reported to have valuable 
physiological functions.6-12)  Animal and 
human studies indicate that catechins, for ex-
ample, accelerate energy expenditure.19,27)  
Oolong tea, which is made from the same 
plant  (Camellia sinensis L.) as green tea, is 
also reported to be involved in energy 
expenditure in humans, suggesting caffeine 
is major ingredient of increasing energy 
expenditure.28) Single application of caffeine 
at a level of 100 to 300 mg was reported to 
significantly increase the energy metabo-
lism.29,30)  In the present study, since the 
drinks included caffeine at a low level of 
about 50 mg/day in all groups, its effects 
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were considered to be minimal.   
It was also reported in an in vitro study 

that green tea extract inhibits gastric and 
pancreatic lipase,31) and EGCg significantly 
decreased fat absorption in rats.16)  When 
hamsters were fed a high fat diet supple-
mented with tea catechins, an increase in se-
rum triacylglycerol was suppressed, and 
there was no effect on lipogenesis in the 
liver.15)  Recently, the drug orlistat, which 
inhibits lipase activity and the intestinal ab-
sorption of dietary fats, has been used for the 
treatment of obesity.32)  It seems reasonable 
to suppose that tea catechins reduce body fat 
by inhibiting lipid absorption from meals.   

The catechin drink used in this study 
mainly contained the following four ingredi-
ents: EGCg, GCg, ECg and Cg, but catechin 
content without a galloyl moiety was ex-
tremely low.  Although  catechins with a 
galloyl moiety demonstrated a pancreatic li-
pase inhibiting action, catechins without a 
galloyl moiety have little effect,33) and it is 
important to consider the catechin 
composition. Previously, the authors re-
ported a serum cholesterol reducing action of 
catechins in humans.13) In this study, the sub-
jects showed mild and borderline hyper-
cholesterolemia, and total cholesterol and 
LDL-cholesterol were found to be signifi-
cantly reduced in both the low- and 
high-dose groups.  The result supports the 
previous investigation. 

At the doses used in this study, cate-
chins did not induce abnormal changes in 
hepatic functions, renal functions or electro-
lytes.  In addition, phenolic compounds 
such as catechins are considered to interfere 
with iron absorption by complex formation 
with iron in the gastro-intestinal lumen, 
making the iron less available for absorp-
tion.34) The results based on all subjects of 
either sex indicated no significant decrease 
in the serum Fe levels, UIBC and ferritin 
during the administration, and no onset of 
anemic subjects was reported as an adverse 
event.  Among 195 subjects, the only 
symptoms reported in this study were 34 
cases of cold-like symptoms, 3 cases of ec-
zema, 7 cases of diarrhea and soft stools and 
only one case of lack of appetite, and they 

were found in all groups.  Because of its 
pancreatic lipase inhibiting action, it is 
presumable that diarrhea and soft stools were 
brought by the catechin drink.  However, 
these symptoms were mild, temporary, 
disappeared spontaneously during the study 
period and reported in all groups. From 
medical perspective, the catechin drink was 
unlikely to bring diarrhea and soft stools.  
Other symptoms were also judged to be 
unrelated to the catechin drink.  Based on 
these facts, we considered the catechin drink 
safe when consumed over a long period.   

In summary, our present study demon-
strated that a drink containing tea catechins 
was effective in reducing body fat and safe 
when given continuously for 12 wk. 
Although these effects were milder than 
those of medicines, it is useful because of its 
safety and availability for long-term intake.  
Therefore the tea catechin-containing drink 
may be beneficial for many people in whom 
moderate or mild overweight may increase 
the risk of life-style related disorders such as 
diabetes and hyperlipidemia. 
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