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Clinical Trial

A Double-Blind, Randomized, Placebo-Controlled
Study to Evaluate the Efficacy and Safety of
STA-2 (Green Tea Polyphenols) in Patients
with Chronic Stable Angina
Tsung-Ming Lee,1,2,3 Min-Ji Charng,4 Chuen-Den Tseng5 and Ling-Ping Lai5

Background: Green tea intake has been shown to improve endurance capacity in animal studies, but whether it has
a similar effect on humans remains unclear. A randomized, double-blinded, parallel-controlled study was conducted
to evaluate the short-term effect of STA-2, a pharmaceutical preparation of green tea polyphenols, in patients with
effort-induced angina and documented positive exercise tolerance test.
Methods: A total of 79 patients recruited from three medical centers were randomly assigned to receive 2 STA-2
250 mg capsules, each containing 100 mg green tea polyphenols, three times daily, or placebo for six weeks after
two consecutive symptom-limited treadmill exercise tests to ascertain the reproducibility of exercise tolerance.
Results: There was no difference in total exercise tolerance time from baseline to Week 6 between two groups (p =
0.639). There were also no observed improvements in subgroup analyses stratified by age, gender, and BMI
categories. However, a significant reduction in low-density lipoprotein levels was shown in patients in the STA-2
group (-8.99 ± 19.18 mg/dL) versus the placebo group (0.57 ± 19.77 mg/dL), p = 0.037, with greater benefits in
patients not taking antihyperlipidemic drugs (STA-2: -9.10 ± 19.96 mg/dL vs. placebo: 4.42 ± 15.08 mg/dL, p =
0.037).
Conclusions: STA-2 treatment for 6 weeks did not increase exercise time as measured on a treadmill. However, this
study also indicated that STA-2 treatment could have potential beneficial effects on LDL-cholesterol concentrations.
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INTRODUCTION
Clinical and epidemiological studies have shown
that green tea consumption may be associated with a
reduced risk of cardiovascular disease.1-4 There has been
increased interest in the beneficial effects of green tea
catechins on cardiovascular and metabolic health. These
benefits are mainly attributed to the high levels of polyphenols, particularly flavonoids, found in tea.5 Reduced
plasma oxidized low-density lipoprotein (LDL) levels
were reported following daily consumption of 500 mg of
catechins (equivalent to 6-7 cups of green tea) by healthy
adults.6 This evidence sheds light on the treatment of
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caffeine. Teapol, Sinphar’s commercial product name
corresponding to the generic product name of Xinnaojian Capsule using EpigallinTM as the active ingredient,
has been approved and registered as a drug in China.
Teapol has been marketed in China since 1996. To date,
Teapol has been prescribed in over 500,000 prescriptions in China, and no apparent adverse reactions were
observed or reported.
The ingredients of STA-2 250 mg capsules used in
this study were manufactured according to the standard
operation procedure of Jiangxi Lukang, a local material
company in China. Each capsule contained 100 mg of
green tea polyphenols extracts as the drug substance.
The green tea polyphenols powder was manufactured
through a series of processes including repeated extraction, filtration, concentration, decaffeination, and drying. The finished powder contained tea polyphenols at
more than 98% w/w and less than 1% caffeine. The
green tea polyphenols contents [mainly catechins including epigallocatechin 3-gallate [epigallocatechin
gallate (EGCG), the most abundant catechin in tea),
(-)-epigallocatechin, (±)-catechin, (-)-epicatechin, (±)gallocatechin gallate, (-)-epicatechin-3-gallate (ECG),
etc.] were first detected by the color reaction with ferrous tartrate and preliminarily quantitated by spectrophotometry. The formal identification of the active
pharmaceutical ingredients was accomplished by the
comparison of Thin-Layer chromatography (TLC) spots
and high-performance liquid chromatography (HPLC)
retention times of the assay samples with those of the
standards, while the formal quantitation also achieved
in the same run of HPLC. Active substance of STA-2 was
identified by comparison of TLC spots of ECG and EGCG
and HPLC retention times of catechins with those of
standard preparation. Also, EGCG and total catechins
were confirmed as marker ingredients.
EGCG and total catechins were selected as the marker ingredients for both routine qualitative and quantitative assays. The lowest acceptance levels for EGCG and
catechins were set as 60% and 85%, respectively, while
the highest counterparts were 85% and 102%, respectively. The upper acceptance limits for water content,
total ash, and acid insoluble ash were all in accordance
with the supplier’s specification.
Several good laboratory practice (GLP) compliant
toxicity studies have been conducted to support the

patients with coronary artery disease.
Several studies have demonstrated the antioxidant
effects of green tea, as evidenced by similar reductions
in LDL levels. 7-9 However, dietary habits and brewing
practices vary among regions, so the benefits of drinking green tea may not be consistent. These different results can be minimized while the common advantages
are magnified if green tea is used in the form of a pharmaceutical preparation of the extract(s). A genotoxicity
study has provided green tea catechins with no evidence of mutagenic or clastogenic activity up to 2000
mg/kg.10 For all of the above-stated reasons, the Sinphar Pharmaceutical Co., Ltd. was prompted to develop
the STA-2 capsule, a botanical drug preparation of green
tea polyphenols.
Green tea intake has been shown to improve endurance capacity in mice. Murase et al.11,12 have shown improvement in swimming and running times to exhaustion of approximately 24% and 30%, respectively, after
administering green tea extracts in mice. However, whether it may provide comparable benefits for humans has
remained unclear. Exercise-induced oxidative stress may
be associated with muscle fatigue, muscle damage, and
a decrease in physical performance.13 One study conducted in 2008 revealed that green tea consumption
may offer protection against the oxidative damage
caused by exercise in young men undergoing resistance
exercise.14 Previous studies were aimed at investigating
the extract of green tea polyphenols in muscle fatigue
and exercise tolerance in athletes or healthy individuals.
However, the effect of green tea polyphenols on muscle
fatigue and exercise tolerance in athletes remains very
controversial. Therefore, we conducted this pilot study
to investigate the efficacy and safety of STA-2 on selected blood markers of oxidative stress and exercise
tolerance in patients with chronic stable angina. We
hypothesized that STA-2 supplementation would elevate
antioxidant potential and improve exercise duration.

MATERIALS AND METHODS
Investigational product
EpigallinTM, as a STA-2 active ingredient, is a green
tea Camellia sinensis (L.) Kuntze (C. sinensis) extract
standardized to contain 98% tea polyphenols and 1%
Acta Cardiol Sin 2016;32:439-449
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mented adequate contraception, or were non-lactating,
or had a negative pregnancy test within 14 days prior to
the study.
Patients were excluded from the study for any of
the following reasons: (1) conduction abnormalities, unstable angina, or myocardial infarction within the preceding 3 months; (2) with heart failure (New York Heart
Association class III or IV), uncorrected valvular, or congenital heart disease; (3) with electrocardiogram abnormalities preventing the interpretation of ischemia; and
(4) with hepatic or gastrointestinal abnormalities, or
conditions that could interfere with ETT.

safe use of STA-2 for clinical investigation. The 13-week
repeated dose oral toxicity study NOAEL (No Observed
Adverse Effect Level) dose for STA-2 (containing EpigallinTM alone without excipients) is determined to be
400 mg/kg/day. The dose provides a safety margin
which is 6.7-fold higher than the maximal human recommended daily dose on a body surface basis. The results of genotoxicity studies reveal no evidence of mutagenic or clastogenic activity of STA-2.

Study design
This was a double-blind, randomized, parallel-group,
and placebo-controlled study conducted from May 2007
to June 2008 at the National Taiwan University Hospital,
Taipei Veterans General Hospital, and the Chi Mei Medical Center to assess the efficacy and safety of STA-2 in
comparison with that of placebo for the management in
patients with chronic stable angina. Neither the investigator nor the patient knew what treatment the patient
had received. The disposition of patients is summarized
in Figure 1, and a disposition of patients by sites is provided in the supplementary material (Supplement Table
1). The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines. The trial protocol was reviewed and approved by
the regulatory authorities in both the US and Taiwan,
and also respective Institutional Review Boards of the
medical centers involved. All patients provided written
informed consent before enrollment. This study is registered as a Clinical Trial, number NCT01484912 (http://
clinicaltrials.gov/ct2/show/NCT01484912).

Treatment
Each patient was asked to make a total of 5 study
visits on Days -7, 0, 14 (±2), 28 (±2), and 42 (±2). At the
screening visit (Day -7), demographic data, medical history, and concomitant medications were recorded, and
the patients underwent physical examination, including
assessment of vital signs and laboratory tests. A resting
electrocardiogram was recorded, and an ETT was undertaken according to a standard Bruce multistage exercise

Inclusion and exclusion criteria
Patients were enrolled in this study only if they met
all of the following criteria: (1) male or female aged ³
20; (2) with effort-induced angina that was readily relieved by rest or nitroglycerin, or with catheterizationdocumented coronary artery disease, or with ³ 3 months
of myocardial infarction before screening; (3) manifesting positive exercise treadmill test (ETT, defined as giving ST-segment depression at least 1 mm greater than
the resting one, with or without limiting angina) on both
the days of screening (Day -7) and enrollment (Day 0),
with the difference in total exercise tolerance time (TETT)
not exceeding 20% of Day 0’s TETT; and (4) women of
childbearing potential were included only if they imple-

Figure 1. Disposition of patients. STA-2: STA-2 capsule, 250 mg/capsule, oral, take 2 capsules three times daily. Placebo: Placebo capsule,
250 mg/capsule, oral, take 2 capsules three times daily.
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clinical evidence of acute cardiac decompensation; (4)
clinically serious atrial or ventricular arrhythmias; and
(5) heart block. The primary efficacy endpoint was further analyzed to determine the influence of prognostic
factors such as gender (male or female), age (³ 65 or <
65), and body mass index (BMI ³ 25 or < 25 kg/m 2 ).
Change in time to 1-mm ST-segment depression (measured 80 ms from the J point) during ETT was assessed
as a secondary endpoint and further analyzed depending on whether the patients received isosorbide dinitrate. Certain parameters were set to precisely delineate
the 1-mm ST-segment depression. The assessments of
ST-segment and ETT were implemented at the same
time and in the same manner for all patients to ensure
proper comparison with the baseline. Moreover, in order to avoid any possible confounds, the assessments
were done by a person blind to the study groups. Safety
was assessed based on the incidence of adverse events
and serious adverse events, their relationship to the
study treatment, vital signs, and laboratory assessments. Fasting plasma was analyzed for blood glucose,
cholesterol, triglyceride, high density lipoprotein (HDL)
and low-density lipoproteins (LDL) using Hitachi 7060
Autoanalyzer (Hitachi, Tokyo, Japan). Pharmacological
parameters including oxidative stress parameters (isoprostane, homocysteine), homeostasis parameters (plasma plasminogen activator inhibitor-1, PAI-1 activity),
inflammatory markers [fibrinogen, high sensitive C-reactive protein (hsCRP), soluble CD40 ligand] and cardiac
enzymes [creatine phosphokinase-MB (CPK-MB) and
lactic dehydrogenase (LDH)] were also measured.

test protocol, followed by a washout period of 1 week
during which patients received placebo treatment. At
baseline (Day 0), the patients again underwent an ETT
before being randomized to receive either 2 capsules of
250 mg STA-2 or placebo in a fasting state, three times
daily, for 6 weeks. The block randomization list was provided by the study sponsor, and individual treatment
codes were kept in sealed opaque envelopes. The identical-looking study drug and placebo ensured that both
patients and investigators were blinded to treatment. At
each study visit, vital signs were assessed, and adverse
events and concomitant medications recorded. At the final visit, all assessments including physical examination,
resting electrocardiogram, laboratory tests, and ETT,
were repeated.
The patients were allowed to take routine medications for other indications, provided they did not affect
the study assessments. Medications for angina pectoris
were also allowed; however, doses of such drugs as
isosorbide dinitrate, nicorandil, beta-blockers, and calcium channel blockers known to influence ETT results
were kept constant, starting 2 weeks prior to visit 1 until
the end of the study. Beta-blockers were discontinued
the day before ETT, and isosorbide dinitrate and nicorandil were given after assessments on the day of ETT.
Drugs interfering with ST-segment changes (e.g., class I
antiarrhythmic agents, digitalis, and monoamine oxidase inhibitors), theophylline, isosorbide mononitrate,
and nitroglycerin sustained-release preparations were
prohibited. Short-acting nitrates were prohibited 1 hour
before the ETT procedure. A complete summary of concomitant medications used by study subjects during
study period was listed in supplement Table 2.
The primary endpoint was the change from baseline
in TETT. A 12-lead electrocardiogram was used to continuously monitor vital signs. Patients were asked to
complete 9-12 min of exercise or to exercise until 85%
of the maximum predicted heart rate was reached. Exercise was terminated when limiting angina developed or
when ST-segment depression measured 80 ms from the
J point for 3 mm, whichever occurred first. Other limiting endpoints leading to exercise termination included:
(1) a significant decrease (i.e., down to below 80 mmHg)
or increase (i.e., up to above 240 mmHg) in systolic
blood pressure; (2) ataxia, vertigo, dizziness, cyanosis,
pallor, or any other symptoms suggestive of distress; (3)
Acta Cardiol Sin 2016;32:439-449

Statistical analysis
Results were presented as mean ± standard deviation (SD). The calculation of sample size was based on
exploration of efficacy and collected important information for future studies. Approximately 60 patients were
planned to be enrolled, with 30 patients in each group.
The intent-to-treat (ITT) population comprised all the
randomized patients that received at least 1 dose of the
study medication and had at least 1 follow-up efficacy
evaluation. The per protocol (PP) population comprised
all the randomized patients that completed the study
with complete ETT data at baseline and at the end of
the study without major protocol violations. The safety
population comprised all the patients that had taken at
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ducted at a two-sided significance level of 0.05. Safety
assessment was performed for safety population. Analyses were conducted by SAS software, version 9.3 (SAS
Institutes Inc., Cary, NC, USA).

least 1 dose of the study medication. All efficacy evaluations were performed on the ITT and PP populations,
while the safety population was used for safety evaluation.
The demographic characteristics of the two groups
were compared at baseline using chi-square or Fisher’s
exact tests for categorical variables; t-tests or Wilcoxon
Rank Sum test were used for continuous variables. If the
hypothesis of normality was violated, the results from
Wilcoxon Rank Sum test will be adopted. For the primary endpoint, the change in TETT was compared between the two groups in the ITT population; the test of
superiority of STA-2 over placebo was conducted at a
one-sided significance level of 0.025. A sensitivity analysis was also conducted in the PP population to validate
the estimation of efficacy in the primary endpoint. For
the secondary endpoint, hypothesis testing was con-

RESULTS
Of the 115 patients screened, 79 were enrolled and
77 completed the study (STA-2 group, 38; placebo
group, 39) (Figure 1). One patient each from STA-2 and
placebo groups discontinued due to withdrawal of consent and experience of abnormal liver function, respectively, before the primary endpoint analysis. The two
groups had comparable demographics and baseline
characteristics (Table 1).
Table 2 summarized the changes in TETT from base-

Table 1. Demographic and baseline characteristics of the patients
Variable

STA-2 (n = 38)

Placebo (n = 39)

62.6 ± 11.0
164.0 ± 7.1
68.3 ± 11.9
25.3 ± 3.8

61.5 ± 12.4
164.1 ± 7.700
70.1 ± 10.1
25.9 ± 2.60

0.1 ± 0.3

0.1 ± 0.2

141.2 ± 67.50
125.3 ± 37.8
44.2 ± 12.5

153.6 ± 71.10
124.5 ± 33.00
47.1 ± 12.6

Demographics (Mean ± SD)
Age (year)
Height (cm)
Weight (kg)
2
Body mass index (kg/m )
Baseline characteristics (Mean ± SD)
Angina frequency (no. of events per day)
Laboratory measurements (Mean ± SD)
Triglyceride (mg/dL)
Low-density lipoprotein (mg/dL)
High-density lipoprotein (mg/dL)
SD, standard deviation.

Table 2. Changes in total exercise tolerance time from baseline among study subjects
STA-2
Study subjects
n
All subjects
2
BMI (kg/m )
³ 25
< 25
Gender
Male
Female
Age (years)
³ 65
< 65

Baseline
Mean ± SD

Week 6
Mean ± SD

Placebo
Changes
Mean ± SD

n

Baseline
Mean ± SD

Week 6
Mean ± SD

Changes
Mean ± SD

p-value*

38 437.2 ± 106.7 450.4 ± 106.7 13.2 ± 49.9

39 405.1 ± 120.7

411.2 ± 118.1

06.1 ± 76.3

0.639

20 445.5 ± 133.7 459.8 ± 130.4 14.4 ± 48.7
18 427.9 ± 68.10 439.9 ± 74.60 12.0 ± 52.5

23 415.2 ± 126.4
16 390.5 ± 114.5

415.6 ± 126.1
404.8 ± 109.3

0.39 ± 80.9
14.3 ± 70.9

0.715
0.916

34 439.1 ± 111.4 455.1 ± 111.6 15.9 ± 51.1
04 421.0 ± 65.50 411.5 ± 34.40 .-9.5 ± 34.3

32 409.8 ± 124.5
07 383.6 ± 107.5

415.6 ± 111.3
390.7 ± 154.1

05.8 ± 76.0
7.14 ± 83.7

0.590
0.718

15 384.5 ± 110.6 399.4 ± 103.6 14.9 ± 55.8
23 471.5 ± 90.80 483.7 ± 96.90 12.1 ± 46.9

15 360.9 ± 132.5
24 432.7 ± 106.4

342.0 ± 96.00 -18.9 ± 82.0454.4 ± 111.2 21.7 ± 69.6

0.254
0.585

SD, standard deviation.
* T-test of Wilcoxon Rand Sum test was used.
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p = 0.943]. There were no significant changes of urinary
isoprostanes in either STA-2 or placebo group [from 119
(69) to 111 (77) pg/mg creatinine in the STA-2 group
and from 117 (59) to 113 (62) pg/mg creatinine in the
placebo group, p = 0.40]. No differences were observed
in other pharmacological parameters including homocysteine, PAI-1, fibrinogen, hsCRP, soluble CD 40 ligand,
CPK-MB and LDH.
A greater reduction in LDL levels from baseline to
Week 6 was observed in the STA-2 group [-9.0 (19.2)
mg/dL] than in the placebo group [0.6 (19.8) mg/dL)
(Figure 3), with the difference being statistically significant (p = 0.035). Further analysis of the LDL profile
showed a significant benefit of STA-2 treatment in patients not receiving antihyperlipidemic drugs [change

line among study subjects. At baseline, the mean (SD)
TETT of the STA-2 and placebo groups was 437.2 (106.7)
and 405.1 (120.7) s, respectively, with no significant difference. At Week 6, these values were 450.4 (106.7) and
411.2 (118.1) s, respectively. There was no observed difference in changes in TETT from baseline to Week 6 between STA-2 group: 13.2 (49.9) and placebo group: 6.1
(76.3). Besides, the changes in TETT were also analyzed
for subgroups of patients based on body mass index
(BMI ³ 25 or < 25 kg/m2), gender (male or female), and
age (³ 65 or < 65). However, no statistical significance
was reached for any of the subgroups analyses. Furthermore, sensitivity analysis showed similar results conducted in the PP population, the improvement from
baseline in TETT was approximately 16 s greater in the
STA-2 group than in the placebo group, changes in TETT
from baseline to Week 6 in STA-2 group: 14.4 (49.8) and
placebo group: -2.1 (74.4), with no statistical significance (Figure 2).
Furthermore, analyses of secondary endpoint also
showed no difference between two groups (Table 3). At
baseline, the mean time to 1-mm ST-segment depression during ETT for the STA-2 and placebo groups was
349.5 (104.8) and 321.5 (132.3) s, respectively. At Week
6, these values became 396.8 (109.0) and 341.7 (138.5)
s, respectively. There was no observed difference in
changes from baseline to Week 6 between the STA-2
group [37.4 (61.3)] and the placebo group [17.4 (103.4),

Figure 2. Change in total exercise tolerance time from baseline to
Week 6 in the ITT and PP populations.

Table 3. Changes in secondary endpoints and pharmacological parameters from baseline among study subjects
STA-2
Variables
n
Time to 1 mm ST-segment
Pharmacological parameters
Isoprostane (pg/mg creatinine)
Homocysteine (mmol/L)
PAI-1 (ng/mL)
Fibrinogen (mg/dL)
hsCRP (mg/L)
Soluble CD40 ligand (ng/mL)
CPK-MB (ng/mL)
LDH (U/L)

Baseline
Mean ± SD

Placebo

Week 6
Changes
Mean ± SD Mean ± SD

Baseline
n Mean ± SD

Week 6
Mean ± SD

pChanges value*
Mean ± SD

29 349.5 ± 104.8 396.8 ± 109.0 37.4 ± 61.3 29 321.5 ± 132.3 341.7 ± 138.5 17.4 ± 103.4 0.943
38
37
36
38
35
36
38
38

118.9 ± 68.80
14.6 ± 7.50
26.8 ± 34.4
310.2 ± 53.00
1.5 ± 1.5
0.7 ± 0.6
2.5 ± 1.4
172.5 ± 38.80

111.2 ± 77.40
14.3 ± 5.60
31.7 ± 30.1
314.3 ± 49.40
2.1 ± 2.7
0.6 ± 0.5
2.8 ± 1.5
170.42 ± 32.3

-6.4 ± 72.9
0.7 ± 2.60
5.6 ± 29.0
6.2 ± 51.3
0.7 ± 3.10
-0.1 ± 0.80
0.2 ± 1.20
-1.7 ± 31.1

39 116.9 ± 59.30 112.5 ± 62.30
39 13.1 ± 6.50 13.3 ± 6.80
38 26.5 ± 24.6 40.0 ± 58.6
39 303.2 ± 44.70 307.7 ± 57.70
36 2.1 ± 2.7
2.4 ± 4.1
38 0.8 ± 0.8
0.9 ± 0.9
39 2.5 ± 1.3
2.8 ± 1.5
38 170.4 ± 32.30 177.1 ± 31.80

-4.4 ± 70.90.2 ± 2.80
14.4 ± 66.00
-1.0 ± 45.5-0.9 ± 8.8-0
0.2 ± 0.90
0.3 ± 0.90
-4.6 ± 18.4-

0.553
0.082
0.180
0.538
0.223
0.251
0.580
0.953

CPK-MB, creatine phosphokinase-MB; hsCRP, high sensitive C-reactive protein; LDH, lactic dehydrogenase; PAI-1, plasminogen
activator inhibitor-1; SD, standard deviation.
* T-test of Wilcoxon Rand Sum test was used.
Acta Cardiol Sin 2016;32:439-449
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DISCUSSION

from baseline to Week 6: STA-2, -9.1 (20.0) mg/dL; placebo, 4.4 (15.1) mg/dL; difference > 13 mg/dL; p =
0.037] as opposed to those receiving antihyperlipidemic
drugs [STA-2, -8.9 (19.2) mg/dL; placebo, -2.7 (22.9)
mg/dL; p = 0.328)].
The incidence of adverse events was comparable
between the two groups; most adverse events were of
mild to moderate severity and none led to study discontinuation. Treatment-related adverse events included
palpitations in 2 patients, chest pain, chest discomfort,
upper abdominal pain, and dry mouth in 1 patient each
in the STA-2 group, abdominal distension in 1 patient in
the placebo group. The adverse events are summarized
in Table 4.

To the best of our knowledge, this is the first report
of the therapeutic benefits of STA-2, a pharmaceutical
preparation of green tea extracts, in patients with chronic stable angina. Although there was no observed improvement in exercise capacity, this study demonstrated
a substantial tendency of STA-2 in enhancing exercise
tolerance, especially in patients with BMI ³ 25 kg/m2, of
male gender, or ³ 65 years of age. This finding deserves
further exploration.
Secondary, our results suggested that intake of STA2 was associated with a significant decrease in LDL levels. Recent meta-analyses have reported significantly
reduced concentrations of LDL in association with green
tea intake.15 Risk of heart attack is 3-fold higher in subjects with hyperlipidemia than in subjects with normal
lipid status,16 whereas a 1% decrease in serum cholesterol has been shown to reduce risk of cardiovascular
disease by 3%.17 Furthermore, the reduction in LDL was
noted in management of CVD risks.17 Lipid level modification remains an important target for cardiovascular
disease prevention and treatment. Animal studies have
suggested that green tea catechins reduce lipid absorption in the intestines,18 promote fecal excretion of

A

Table 4. Summary of adverse events

Total AEs
Patients with AEs
Patients with SAEs
Patients with treatment-related AEs
Most commonly reported AEs
Palpitations
Abdominal distension
Upper abdominal pain
Chest discomfort
Chest pain
Upper respiratory tract infection
Hypertriglyceridemia
Spinal osteoarthritis
Insomnia
Renal impairment

B

C
Figure 3. LDL concentration at baseline and Week 6 in: (A) the all
study subjects; (B) subjects not receiving antihyperlipidemics; and (C)
subjects receiving antihyperlipidemics.

STA-2
group
(n = 39)

Placebo
group
(n = 40)

N (%)

N (%)

32
17 (44%)
0
06 (15%)

33
18 (45%)
1 (3%)
1 (3%)

2 (5%)
0
2 (5%)
1 (3%)
2 (5%)
2 (5%)
0
0
2 (5%)
0

0
3 (8%)
0
2 (5%)
0
1 (3%)
2 (5%)
2 (5%)
0
2 (5%)

AE, adverse event; SAE, serious adverse event.
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cholesterols,19 and inhibit enzymes involved in hepatic
cholesterol synthesis.20 EGCG, the most abundant green
tea catechin, has been found to strongly inhibit hydroxyl-3-methyl-glutaryl-CoA reductase, the rate-controlling enzyme of cholesterol synthesis.21 The significance
of our finding of the beneficial effects of green tea on
lipid in relation to adjunctive treatment of coronary artery disease remains to be established. However, with
the strong link between hyperlipidemia and coronary artery disease, beneficial effects of green tea on lipids
may have clinical importance.
Green tea catechins have been reported to be capable of regulating the biomarkers of oxidative stress, lipid
peroxidation, and plasma antioxidant capacity.7,22 One
previous article further demonstrated that 12 weeks of
green tea extracts (136 mg EGCG; daily) intake was associated with decreased malondialdehyde-modified LDL in
human. 9 Examining both plasma and urinary isoprostane markers of in vivo lipid peroxidation, this study applied urinary isoprostanes as measurements of antioxidation effect which are nonesterified and may represent both system and renal production and renal excretion. However, our results did not reveal the antioxidation effect of STA-2 assessed by urinary 8-isoprostane.
This discrepancy could be explained by the following:
first, compared to our study, a relatively lower dose was
used in Nagao’s study. Second, small sample sizes, a different study population and the use of different green
tea agents in this current study may reduce its significance in the findings related to LDL-cholesterol. However, our results were consistent with the findings of
Hodgson et al.,23 showing that antioxidants derived from
tea cannot inhibit in vivo lipid peroxidation assessed by
urinary F2-isoprostane levels. Therefore, the benefits of
green tea catechins still await further clarification.
Non-clinical studies (unpublished) were summarized
in the investigative brochure. In short, catechins can effectively reduce the cell death of myocardial ischemia.
Besides, there is a significant superiority of inhibitive
and protective effects against myocardial infarction
when STA-2 and the nitrates-based antianginal drugs are
used in combination as compared to only using the nitrates-based drugs. Furthermore, a combination of catechins and the nitrates-based drugs can be used preventively against angina or myocardial infarction caused
by myocardial ischemia. In general, the death of cardiac
Acta Cardiol Sin 2016;32:439-449

muscles involved in three stages: (1) ATP insufficiency
due to a shortage of blood supply; (2) elevation in intracellular calcium concentration; and (3) lysosomes are released as a result. The possible mechanisms that link
catechins to the reduction of myocardial ischemia may
be explained by the catechol structure found in a part of
the chemical structure of catechins, which can chelate
calcium ions. The 2-hydroxy structure has been scientifically proven to be capable of chelating calcium, or the
mildly acidic catechol found in tea polyphenols is able to
combine with and break down enzymes, which inhibits
the enzymes’ catalytic activities. In addition, the chelating effect of catechol may allow it to act like a calcium
antagonist and lowers the calcium concentration within
blood vessel cells, which in turn widens the blood vessels and lowers the afterload for the heart, subsequently reducing the cardiac work and preserving ATP for
the heart, thereby alleviating angina.24-28
The strength of our study was in its design as a randomized and placebo-controlled clinical trial which was
less sensitive to bias through the balanced study design
and data acquisition. Second, studies have shown that
caffeine affects muscle, adipose, and central nervous tissue indirectly by enhancing the release of catecholamines and the activity of adenylate cyclase, which catalyzes the formation of cAMP from ATP, thus enhancing
lipolysis, fatty acid oxidation, and exercise performance.29
The independent effect of caffeine might have been a
confounding factor that influenced the results of this
antioxidation effect. The STA-2 used in this study contained less caffeine than the preparations used in previous studies. Besides, the investigational product of STA2 (600 mg/day) contained only 6 mg caffeine, which is
less than general commercial green tea (10-20 mg/100
ml) and also below the recommended caffeine daily intake (300 mg/day) in western countries including the US
and Europe. Furthermore, STA-2 treatment was well-tolerated, and no new safety concerns were identified. The
most commonly reported adverse events included palpitations, upper abdominal pain, insomnia, upper respiratory tract infection, chest discomfort, and chest pain,
similar to those previously reported, i.e., excess gas, upset stomach, nausea, heartburn, stomach ache, abdominal pain, dizziness, headache, and muscle pain.22
There are several potential limitations that existed
in this study, which sought to establish a link between
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in patients with stable angina pectoris have shown disappointing results. 32,33 However, the long-term treatment with angiotensin-converting enzyme inhibition reduces exercise-induced myocardial ischemia.34 Thus, we
cannot exclude the possibility of positive results after
prolonged administration of STA-2. Finally, the limited
sample size of the current exploratory study was not
sufficient to support the association. However, future
well-designed, long-term intervention studies with
standardized green tea products would be warranted, to
greatly facilitate our understanding of the benefits of
green tea catechins.

STA-2 and improvement in exercise tolerance. First, the
current dose of STA-2 may still be below the optimal
dosage to best observe the beneficial effects. However,
the current dosage of STA-2 in this study was identical
to that of Xin-Nao-Jian (literally heart-brain-healthy),
the precursor of STA-2, approved by the China State
Food and Drug Administration in 1997 for treatment of
cardiovascular diseases associated with atherosclerosis
and hyperfibrinogenemia. The dosage of 6 STA-2 capsules a day was equivalent to the polyphenols ingested
by drinking 6 cups of green tea per day. Since the exact
amount of polyphenols consumed by drinking green tea
can vary depending on dietary practices and brewing
habits, the use of a pharmaceutical preparation of green
tea extracts is preferable in clinical practice. Kuriyama et
al.1 demonstrated a dose-specific reduction in the hazard ratio of cardiovascular to all-cause mortality, with
the greatest benefits obtained upon consumption of ³ 5
cups of green tea per day. Second, this is the first exploratory study of the association of extract of green tea
polyphenols on coronary artery disease (CAD) patients.
For ethical consideration in conducting ETT on patients
with severe myocardial infarction, the patients included
in this study were selected according to a particular scenario at baseline (for example, subjects who are wellcontrolled or receiving optimal treatment), results from
this study which may not be represented to general patients of CAD and only six weeks of treatment may be insufficient to reach functional improvement in this particular population. Furthermore, the finding that most
patients did not experience angina during the exercise
test may be explained by the fact that patients stop before they experience angina pectoris. Third, a significant
malabsorption of carbohydrates after concomitant consumption of a mixture of polyphenols, including green
tea catechins, has been reported. 30 Tea components
have been shown to inhibit the sodium-dependent glucose transporter I,31 which could be against high green
tea extracts amounts in sport. Thus, it is possible that
the STA-2 might have impaired energy metabolism, and
subsequent exercise performance lead to insignificant
findings of this study. Forth, the intervention of study
duration was only for 6 weeks, and thus the longer-term
effects of green tea on exercise tolerance are not addressed. Previous studies have shown that short-term
studies with angiotensin-converting enzyme inhibitors

CONCLUSIONS
The results of this pilot study showed that an amount
of green tea extract which corresponds to 6 cups of tea
per day for 6 weeks does not have significant beneficial
effects on exercise performance. However, STA-2 treatment suggested beneficial effects on LDL-cholesterol
concentrations. Further studies with a larger sample
size, different dosage, and longer follow-up periods are
needed to address the question of whether STA-2 may
influence exercise performance.
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SUPPLEMENT
Supplement Table 1. Deposition of patients by sites

Screened
Randomized
Completed

NTUH

TVGH

18 (16%)0
8 (10%)
8 (10%)

44 (38%)
36 (46%)
34 (44%)

CMMC

Supplement Table 2. Summary of concomitant medications
STA-2 Placebo
group group
(n = 38) (n = 39)

All Sites

53 (46%) 115 (100%)
35 (44%) 079 (100%)
35 (45%) 077 (100%)

Medications

Antianginal drugs
Nitrates
Beta blockers
Calcium channel blockers
Antiplatelet
Others
Hypertension*
Angiotensin II receptor blocker
ARB+diuretics
Angiotensin-converting enzyme inhibitor
Diuretics
Alpha-1 blockers
Diabetes mellitus
Biguanides
Glucosidase inhibitors
Insulin secreagogues
Thiozonidines
Hyperlipidemia
HMG-CoA reductase
ST + Cholesterol absorption inhibitor
Cholesterol absorption inhibitor
Folic acid derivatives
Antiarrythmia
Class III
Class IB

CMMC, Chi Mei Medical Center; NTUH, National Taiwan
University Hospital; TVGH, Taipei Veterans General Hospital.

N (%)

N (%)

32
09
24
25
32
07

33
12
32
25
33
07

14
04
05
05
05

16
00
03
05
06

03
00
01
01

05
02
05
01

10
00
03
01

10
03
02
02

01
01

00
00

* Excluding beta blockers and calcium channel blockers.
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