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Summary

Background: Epidemiological studies have established an association between dyslipidemias and atherosclerosis.
Nutritional therapy is a key point in the prevention strategy for individuals who present with risk factors for atherosclerotic
disease.

Objectives: To investigate the effects of green tea (Camellia sinensis) in patients with dyslipidemias.

Methods: The study included 33 patients aged between 21 and 71 years who had a low-fat diet (25-35% of total calories
and 200 mg of cholesterol per day). They were randomized for two sequential treatments: 250 mg capsules of green tea
dry extract or placebo for a total period of 16 weeks; each patient received green tea (Camellia sinensis) for eight weeks
and placebo for another eight weeks.

Results: Baseline lipid values (mg/dL) were: HDL-cholesterol 60.7 + 7.3; total cholesterol 255 + 30.9; LDL—cholesterol
158.8 * 29.0; triglycerides 169.0 = 61.3 and Apo-B 120.2 + 18.9. Mean lipid variations induced by the use of green
tea (Camellia sinensis) showed a 3.9% reduction (p = 0.006) in total cholesterol concentrations and a 4.5% reduction
(p = 0.026) in LDL-cholesterol. The intake of green tea did not significantly influence HDL-cholesterol, triglyceride, and
Apo-B levels. Non-significant results were found in the assessment of blood lipids (total cholesterol and LDL-cholesterol)
with the use of placebo.

Conclusion: A beneficial effect of green tea (Camellia sinensis) was demonstrated, with a significant reduction of total
cholesterol and LDL-cholesterol levels in eight weeks, in the patients studied. (Arq Bras Cardiol 2009; 93(2):121-127)
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Introduction

Green tea (Camellia sinensis) is one of the oldest beverages
in the world. Reports on the habit of drinking tea date back
to ancient times, when plants were used as medicines both in
the prevention and the treatment of disorders, dysfunctions
or diseases in humans and other animals’>. In the past years,
growing attention has been given to the use of green tea in
human health promotion. Reduction of blood levels of total
cholesterol and LDL-cholesterol with the use of this tea has
been repeatedly demonstrated in several studies**. The green
tea compounds responsible for these changes have not yet
been determined. Recently, some studies have postulated that,
thanks to their high concentration of antioxidant polyphenols,
green tea flavonoids (catechins), especially epigallocatekin
gallate (EGCG), may be responsible for the beneficial effects
of green tea”'?. Tea flavonoids are believed to be effective
antioxidants that can protect against several chronic diseases,
especially cardiovascular diseases. Based on the observation
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that the consumption of flavonoid-rich food contributes to a
cardiovascular risk reduction, the objective of this study design
was to evaluate green tea as a diet component and its relation
with blood lipid profiles in the primary prevention treatment
of patients with dyslipidemias.

Green tea originated in southern China and is cultivated in
Asia and in Central African countries. It has been consumed
for more than 3,000 years in China, which is its major
producer. In Japan, it started to be consumed by Buddhist
monks in the 9th century a.D." Tea extract is a water-soluble
product obtained by infusion. The three major types of tea
are black, oolong and green tea. Non-fermented green
tea is produced from fresh leaves of Camellia sinensis, a
plant that contains water, protein, carbohydrates, minerals,
vitamins, and flavonoid-like polyphenols. The major green
tea flavonoids are the catechins epigallocatechin gallate
(EGCQ), which comprise one third of its total dry weight.
Green tea is weakly aromatic; its taste is bitter, and the
infusion is green. It is also known as Thea sinensis. Black tea
is fully fermented. Its manufacturing includes an enzymatic
oxidation in which most of the catechins (polyphenols) are
converted into complex condensation products (theaflavins /
thearubigins). Oloong tea is semi-fermented and elaborated
mainly in China and Taiwan'.
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Methods

This study was conducted in the Dyslipidemia Outpatient
Service of Hospital das Clinicas da Universidade Federal do
Parand (UFPR). A total of 38 hypercholesterolemic patients
aged between 21 and 71 years participated in the study. The
research was approved by the Ethics Committee on Human
Research of Hospital de Clinicas da UFPR, and a written
informed consent was obtained from all participants.

Patient selection

The following criteria were used for patient inclusion in the
study: men and women older than 20 years of age, with no
evidence of coronary artery disease, with total cholesterol (TC)
> 200 mg/ml and LDL-cholesterol > 130 mg/dl. Patients with
renal or hepatic failure, hypothyroidism and diabetes were
excluded from the study. All participants included in the study
underwent clinical examination and nutritional assessment.
Blood pressure was measured using the palpatory and
auscultatory methods with a mercury sphygmomanometer,
according to instructions of the V Brazilian Guidelines on
Hypertension', 2006.

Assessments

For the nutritional assessment, conventional methods such
as anthropometry, clinical, family and diet history were used.
Weight, height, body mass index (BMI), body composition
using bioelectrical impedance analysis (BIA) and waist
circumference were assessed. Eating habits were assessed
by means of food frequency, 24-hour dietary recalls, and
three-day dietary records. Based on these data, customized
nutrition prescriptions were elaborated for all patients, and
were monthly monitored for a 16-week period.

Anthropometric characteristics of the study group

Indicators (Mean £ SD) Values (n=33)
Age (years) 55.4 +£10.1 (21.0-71.0)
Baseline weight (kg) 720+ 159 (45.0 - 108.0)
Height (m) 1.57 £0.07 (1.45-1.73)
BMI (kg/m?) 29.0£5.7 (19.2-414)
Systolic blood 135.7 £23.9 (100.0-190.0)
pressure (mmHg)

Diastolic blood 8524136 (60.0- 110.0)
pressure (mmHg)

Waist circumference (cm) 97.0+15.1 (62.0 - 124.0)
BIA (n = 27)

BFM (%) 345+ 104 (12.6-49.3)
LBM (kg) 65.5+10.4 (50.7 - 87.4)

BMI - body mass index; BIA - bioelectrical impedance analysis; BFM - body
fat mass; LBM - lean body mass. Values are expressed as mean + standard
deviation, with minimum and maximum values in parentheses.
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Diet design

The diet prescription consisted of an intake of less than
35% of the total kilocalories from total fat, with less than 7%
of saturated fat, 10% or less of polyunsaturated fat, and up
to 20% of monounsaturated fat. The amount of cholesterol
recommended was less than 200 mg/day, in conformity
with the guidelines of the Il National Cholesterol Education
Program — NCEP'°. All patients followed this baseline diet for
16 weeks, during which they were randomized to receive
one of the treatments, including daily doses of capsules
containing 250 mg of dry green tea extract (Camellia sinensis)
or placebo every eight weeks. Because this was a double-blind
crossover study, both the participants and the researchers
were not aware of the sequence in which the substances
would be administered. After eight weeks of treatment, the
order was inverted: the group which was receiving green tea
would now start to receive placebo and vice-versa for eight
more weeks. The patients were also advised not to use any
vitamin supplement during the investigation period. They
were also informed of the importance of diet compliance and
of the need for a change in lifestyle (weight control, physical
activity, smoking and alcohol cessation). Levels of lipids, total
cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides
and apolipoprotein B (Apo-B), as well as of lifestyle changes
were monitored.

Evaluation of data

The patients had their lipid profile determined after a 12
to 14-hour period of fasting. Serum levels of triglyceride and
cholesterol fractions were quantified using the homogeneous
colorimetric enzymatic method; LDL-cholesterol was
estimated by the Friedewald formula'’, and apolipoprotein B
(Apo-B) was determined using the Dade Behring kit. The Bayer
alkaline picrate method was used for glucose determination,
and an ion-selective electrode was used for sodium and
potassium determination.

Data were expressed as mean = standard deviation of the
mean. The parametric paired Student’s t test and the non-
parametric paired-sample Wilcoxon test were used to test the
variables (by means of the Primer of Biostatistics software).
The level of significance (significance probability) was set at
lower than 5% (p<0.05).

Results

Demographic data

A total of 33 patients participated in the study. The
predominant level of regular education was elementary school,
with family income between one and two minimum wages.
Most of the patients were women (84.8%); 15.2% were men.
The mean age of the patients was 55.4 = 10.1 years (ranging
from 21 to 71 years). Anthropometric characteristics of the
study group are shown in Table 1.

In relation to the anthropometric parameters, weight
change was observed in the overall assessment of the group.
In the pre-green tea period (71.4 = 15.8 kg) and in the
post-tea period (70.2 = 15.4 kg), a 1.7% (p=0.002) weight
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loss and 1.7% (p=0.002) BMI reduction were observed
while the patients were using green tea. In comparison with
the pre-placebo (70.6 = 15.5 kg) and post-placebo (69.9
+ 14.9) periods, there was also weight loss although with
a lower statistical significance: the weight loss was of 1.1%
(p=0.041) and BMI reduction of 1.1% (p=0.047). Data
regarding systolic and diastolic blood pressures showed no
significant changes.

During the eight weeks when capsules containing dry
green tea extracts (250 mg) were administered, we observed
a significant change in blood lipid levels, especially a plasma
LDL-c reduction. The assessment of the lipid profile (Table
2) pre and post-tea and pre and post-placebo showed that
with tea intake there was a reduction in total cholesterol

(3.9%) (p=0.006) and in LDL (4.5%) (p=0.026). A non-
significant reduction in HDL (2.1%) (p=0.218) and non-
significant increase in TG (7.5%) (p=0.807) and Apo-B
(4.4%) (p=0.180) were also observed. With placebo, there
was a non-significant reduction in total cholesterol (2.6%)
(p=0.168), LDL (1.8%) (p=0.396), HDL (4.2%) (p=0.080)
and Apo-B (0.8%) (p=0.677), and a non-significant increase
in TG (1.9%) (p=0.733).

As regards the effects of diet intervention, after 16 weeks
of treatment the nutritional needs were adequate to the
recommendations and the eating changes obtained when
under diet had an influence on the consumption of fats,
especially on a significant reduction of saturated fatty acids.
These values are shown in Table 3.

Comparison of the lipid profile pre and post-tea and pre and post-placebo

DATA Mean * SD (Minimum - Maximum) p
Total Cholesterol
Pre Tea 246.5+355 (177.0 - 327.0)

0.006
Post Tea 235.3+289 (181.0 - 299.0)
Pre Placebo 2456 +26.4 (181.0 - 299.0)

0.168
Post Placebo 2375+27.8 (170.0 - 281.0)
LDL-cholesterol
Pre Tea 155.0+ 314 (89.2 - 235.0)

0.026
Post Tea 145.7 £ 25.6 (90.0-190.2)
Pre Placebo 151.2+£221 (97.6 - 193.0)

0.396
Post Placebo 147.1+£26.1 (73.2-188.2)
HDL~-cholesterol
Pre Tea 57671 (36.0-67.0)

0.218
Post Tea 56.1+8.4 (40.0-77.0)
Pre Placebo 59.1+8.2 (47.0-85.0)

0.080
Post Placebo 56.1+8.5 (36.0 - 85.0)
Triglycerides
Pre Tea 165.8 £ 66.6 (84.0 - 342.0)

0.807
Post Tea 168.2+61.4 (69.0 - 327.0)
Pre Placebo 1724 £61.5 (72.0 - 327.0)

0.733
Post Placebo 168.8 £ 67.5 (58.0 - 294.0)
APO-B
Pre Tea 116.0 £23.2 (73.0 - 152.0)

0.180
Post Tea 119.7+21.9 (81.3-159.0)
Pre Placebo 123.9+17.2 (92.5-159.0)

0.677
Post Placebo 1223+21.8 (73.0 - 152.0)

() Student's t test — paired data, and non-parametric Wilcoxon test for triglycerides.
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Diet changes obtained after nutrition advice.

Food consumption

Mean + SD

(Minimum-Maximum) p

Calories (cal)

Dyslipidemias are among the major risk factors for

atherosclerotic cardiovascular diseases. Several studies have
shown that the fight against dyslipidemias brings benefits to
patients at different cardiovascular risks, and that by reducing
hypercholesterolemia increasingly more beneficial effects on
the reduction of coronary events are provided'”?”. With these
studies, significant advances were obtained concerning the
knowledge and control of dyslipidemias.

The treatment program recommended for dyslipidemias
is based on blood lipid level monitoring and on the adoption
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Pre Advice 2010.1 +315.8 (1469.5 - 2621.3)

<0.0001
Post Advice 1502.5 + 133.3 (1231.3 - 1796.4)
Carbohydrates (CH) (%)
Pre Advice 440+73 (25.8-57.4)

0.039

Post Advice 477+75 (32.3-59.0)
Proteins (PTN) (%)
Pre Advice 16.2+3.7 (6.8 - 25.6)

<0.0001
Post Advice 235+55 (15.0 - 35.0)
Total Fat (%)
Pre Advice 40.9+101 (21.8-62.3)

<0.0001
Post Advice 288+94 (18.2-52.3)
Monounsaturated Fatty Acids (%)
Pre Advice 125+4.0 (5.9-21.5)

<0.0001
Post Advice 80+28 (4.7-15.8)
Polyunsaturated Fatty Acids (%)
Pre Advice 175+52 (7.1-29.3)

0.148

Post Advice 15.8+5.1 (10.4-26.4)
Saturated Fatty Acids (%)
Pre Advice 10.8+54 (3.7-24.9)

<0.0001
Post Advice 50+18 (29-10.1)
Cholesterol (mg)
Pre Advice 2473+ 1744 (63.8-581.7)

<0.0001
Post Advice 107.1£27.7 (44.4-174.2)
Fibers (g)

Discussion of interventions on lifestyle, which include healthy eating

habits, maintenance of the ideal weight, regular physical
activity, and fight against cigarette smoking. Diet intervention
is the first approach in the treatment of dyslipidemias,
and should be maintained even when drug therapy is
required?®-3.

The American Heart Association stresses the use of a diet
including a variety of fruits, vegetables and grains, because
these foods may reduce the risk of cardiovascular diseases
by providing the vitamins, antioxidant nutrients (flavonoids),
phytochemicals and fibers they contain'®.
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In the present study, with the diet intervention adopted
we could evaluate the effects of green tea together with a
diet following the recommendations of the American Heart
Association and of the National Program of Education on
Cholesterol*®, without the interference from the variation of
other diet nutrients or components.

In order to include green tea in the diet as a double-blind
intervention, we could not introduce it as a beverage, because
of the difficulty in monitoring its preparation and the amount
ingested. Thus, it was necessary to administer it in the form of
capsules, in an amount equivalent to four tea cups (150mL)
per day.

In this study, after the interventions, the mean lipid
changes induced by the use of green tea (Camellia sinensis)
showed a reduction by 3.9% (p=0.006) in total cholesterol
concentrations and a reduction by 4.5% (p=0.026) in
LDL-cholesterol. This amount of green tea consumed did
not significantly influence the levels of HDL-c, triglycerides
and Apo-B. The absence of a significant change in Apo-B,
which did not follow the LDL-c reduction, was particularly
noteworthy. We believe that this can be explained by the
small number of patients and the short follow-up period; this
difference could not be observed with a sample of this size.
From the biochemical point of view, a hypothesis to justify
the absence of a significant change in Apo-B levels could be
the fact that the Apo-B percentage in low-density lipoproteins
is lower than that of LDL-cholesterol, so the change was not
significant in this small sample. No significant differences were
found in lipid levels with the use of placebo.

Although this study included a relatively small number of
volunteers, our results corroborate those of the first clinical
experiment in humans conducted by Maron et al in 2003",
which assessed 240 hospitalized individuals with dyslipidemias
in China. The researchers demonstrated in a double-blind,
placebo-controlled study that the patients who had taken
capsules containing tea extract for 12 weeks showed a
reduction by 11.3% in total cholesterol levels and by 16% in
LDL-cholesterol levels.

In another study similar to ours, Davies et al*' assessed
the effect of green tea on 15 adult volunteers with mild
hypercholesterolemia, who also received a step I-type diet,
as described by the American Heart Association and by the
National Cholesterol Education Program. After three weeks
of treatment, the investigators found that five cups of tea per
day reduced total cholesterol by 6.5% and LDL-cholesterol
by 11.1% in comparison to placebo beverages. These findings
were similar to those verified in our study.

In another double-blind study conducted in 2003, Kajimoto
et al*? showed that treatment with an intake of 395 mg/day
of green tea significantly reduced total cholesterol levels
after eight weeks of treatment in patients with moderate
hypercholesterolemia: this was not observed in the placebo
group. More recently, in a study with a different design also
conducted by Kajimoto®, the treatment with higher tea
doses (666 mg/day) produced additional reductions in total
cholesterol in comparison to the group consuming 444 mg/
day, but both groups showed significant reductions in total
cholesterol and LDL-cholesterol.

In Tokunga et al’s study* conducted in 2002 with 13,916
Japanese individuals, green tea consumption was associated
with a reduction in serum cholesterol levels when the total
intake was higher than 10 cups per day. However, when
correlated with lifestyle aspects of the population (smoking,
use of coffee and alcohol), BMI and age, reduction in
cholesterol had already been observed with the ingestion of
only one cup of tea per day.

Other studies showed the beneficial effect of tea on
reducing the incidence of cardiovascular diseases®>*.

Although our results showed that green tea intake as part of
the diet contributed to a reduction in blood lipids, it was not
possible to evaluate the mechanisms through which flavonoids
produce this effect. However, this was not the objective of
our research.

Also, another benefit attributed to tea consumption was
related to the anthropometric parameters: weight loss by
1.7% (p=0.002) and BMI reduction by 1.7% (p=0.002) were
observed. In the placebo group, the variation was significant,
although smaller: weight loss by 1.1% (p=0.041) and BMI
reduction by 1.1% (p=0.047).

Weight control is an important factor especially in patients
with cardiovascular risks. Two important studies evaluated the
thermogenic effect of tea in humans. In 1999, Dulloo et al**
reported the effect of green tea extract containing caffeine
and polyphenols, showing an increased 24-hour energy
expenditure and fat oxidation in healthy young people. An
equivalent dose of caffeine did not produce the same effect,
and the researchers suggested that tea polyphenols were
accountable for that effect.

In another study, Chantre and Lairon* also demonstrated
that green tea caused weight loss and attributed this effect
to increased thermogenesis. After a 3-month intervention, a
reduction of waist circumference by 4.48% and of weight by
4.6% was observed.

Regarding the other diet components, after 16 weeks of
treatment, the nutritional requirements were adequate to the
NCEP — ATP Il recommendations'®. Eating changes obtained
with diet had an influence on fat consumption, especially
regarding the reduction of saturated fatty acids. There was a
very significant reduction of total calorie intake (p=0.0001),
reduction in the consumption of total fat, saturated fat, and
cholesterol (p=0.0001), and increase in fiber consumption
(p=0.0001). We also observed increased protein consumption
(p=0.0001). These changes could be explained by the
restriction in fatty foods (beef and derivatives, trans fat and
fried food in general), which were replaced by other sources
including the group of milk and skim milk products, as well
as soy protein.

The potential of flavonoids in the prevention of
cardiovascular diseases has become increasingly clearer. Their
biologically active substances have a reductant effect on LDL-
cholesterol, comparable to or greater than that obtained with
low saturated fat and cholesterol diets. Although there are no
randomized clinical trials demonstrating that these vegetable
substances reduce cardiovascular morbidity and mortality, it
is believed that these foods could be regularly included in a
cardioprotective diet.
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Conclusion

These findings show benefits of green tea (Camellia
Sinensis), in concordance with previous studies of the
literature. However, further investigations with a greater
number of patients and longer follow-up periods are necessary
to validate our initial observations.
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