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Background Tea consumption is associated with decreased cardiovascular risk. Flow-mediated dilatation (FMD) of the
brachial artery is related to coronary endothelial function and it is an independent predictor of cardiovascular risk. Black tea
has a beneficial effect on endothelial function; the effect, however, of green tea on brachial artery reactivity has not been
defined yet.

Design and methods We studied 14 healthy individuals (age 30 % 3 years) with no cardiovascular risk factors except from
smoking (50%) on three separate occasions on which they took: (a) 6 g of green tea, (b) 125 mg of caffeine (the amount
contained in 6 g of tea), or (c) hot water. FMD of the brachial artery was measured before each intervention and 30, 90, and
120 min afterward. High-sensitivity C-reactive protein, interleukins 6 (11-6) and 1b (lI-1b), total plasma antioxidative capacity,
and total plasma oxidative status/stress were measured at baseline and at 120 min after each intervention.

Results Resting and hyperemic brachial artery diameter did not change either with tea or with caffeine. FMD increased
significantly with tea (by 3.69%, peak at 30 min, P<0.02), whereas it did not change significantly with caffeine (increase by
1.72%, peak at 30 min, P=NS). Neither tea nor caffeine had any effect on high-sensitivity C-reactive protein, lI-6, lI-1b, total
plasma antioxidative capacity, or total plasma oxidative status/stress.

Conclusion Green tea consumption has an acute beneficial effect on endothelial function, assessed with FMD of the
brachial artery, in healthy individuals. This may be involved in the beneficial effect of tea on cardiovascular risk. Eur J
Cardiovasc Prev Rehabil 15:300-305 © 2008 The European Society of Cardiology
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Introduction

Although there is no consistency in the studies, habitual
tea consumption has been associated with decreased
cardiovascular morbidity and mortality [1-8]. This
possible beneficial effect is mainly attributed to tea
flavonoids, which are polyphenols called catechins. There
are two types of tea mainly consumed in the western
world: black and green tea. These two types differ in the
type of flavonoids and the amount of caffeine they
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contain. Green tea contains less caffeine than black tea
[9]. Most importantly, green tea is rich in monomer
catechins, whereas in black tea the oxidization of
catechins results in the production of catechins dimers
and polymers that are called theaflavins and thearubigins,
respectively [9]. This oxidation does not occur in green
tea; as a result, green tea flavonoids are more potent
antioxidants than those in black tea [10,11], and green
tea is considered by many as more protective against
cardiovascular disease than black tea [12].

Endothelial dysfunction is a key event in the progression
of atherosclerosis and is present in patients with
various cardiovascular risk factors [13-15]. Flow-
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mediated dilatation (FMD) of the brachial artery is
endothelium-dependent, it correlates well with the
endothelial function of coronary arteries [16], and it is
an independent predictor of cardiovascular risk [17,18].

Black tea, which is the type that is most widely consumed
in the western world and that is most extensively studied,
has been associated with improved short-term and long-
term endothelial performance [19-22]. On the other
hand, green tea has an acute beneficial effect on the
endothelial function of resistance arteries [23]. Its effect,
however, on the endothelial function of the large arteries,
such as the brachial artery, has not been defined yet.
This randomized, sham procedure-controlled, crossover
(three-arm) study was undertaken to evaluate the acute
effect of green tea and its caffeine content on FMD of
the brachial artery in healthy individuals. Furthermore,
we sought to test the hypothesis that any effect would
be associated with changes in inflammatory or oxidative
status.

Methods

Study population

The study population consisted of 14 healthy individuals
[mean = standard deviation (SD) age 30 =3 vyears, nine
men]. Each of them was studied on three separate occasions.

All patients were nonobese (body mass index < 27kg/m?)
and they did not have hypertension, diabetes, hyperlipi-
demia, or a family history of premature vascular disease.
Seven patients (50%) were smokers. They were clinically
well and taking no regular cardiovascular medications or
antioxidant vitamin supplementation. Patients abstained
from caffeine and ethanol intake and from smoking for at
least 12 h, and from flavonoid-containing food for at least
24h Dbefore each session. Female participants were
examined during the follicular phase of the menstrual
cycle and none was on oral contraceptives. The study
protocol was approved by our Institutional Research
Ethics Committee and all patients gave written informed
consent.

Study design

The studies were carried out using a randomized, single-
blind (operator), sham procedure-controlled, crossover
design. Patients were studied on three separate days on
which they took either: (a) 6 g of green tea (Lipton Tea
Company, Crawley, UK) added in 450 ml of boiled water
for 5min, (b) 125 mg of caffeine (the amount contained
in 6g of green tea; see below ‘measurement of caffeine
contained in tea’) diluted into 450 ml of boiled water, or
(c) 450 ml of hot water.

Measurements were obtained in a quiet, temperature-
controlled room at 23°C, while the patients had fasted for
at least 8h. After a 20-min rest period in the supine
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position, baseline measurements for the evaluation of
endothelial function were taken. Then, the patients were
randomized to the different arms of the study and
measurements were repeated at 30, 90, and 120 min after
baseline measurements. These specific time points were
chosen because they represent the time when the peak
plasma concentration of caffeine (30 min) and tea
flavonoids (90 to 120 min) occurs [24]. Venous blood for
measuring high-sensitivity C-reactive protein (hs-CRP),
interleukin-6 (I1-6), interleukin-1b (Il-1b), total antiox-
idative capacity, and total lipid peroxides was drawn at
baseline and at 120 min when peak plasma flavonoid
concentration is anticipated [24].

Measurement of caffeine contained in tea

The caffeine content in five samples of green tea
prepared in an identical manner as in the study sessions
was analyzed for caffeine content in the General
Chemical State Laboratory, Athens, Greece using high-
performance liquid chromatography. The 450 ml (6g of
green tea) beverage contained 128 + 3 mg of caffeine.

Evaluation of endothelial function

FMD is predominantly dependent on nitric oxide (NO)
release by the endothelium and has been used as an
estimate of endothelial function. Resting and hyperemic
arterial diameters and flows and FMD of the conduit
brachial artery were determined by using a high-resolu-
tion, linear array ultrasonic transducer of 7.5-10.5MHz
(Hewlett-Packard, Sonos 5500, Andover, Massachusetts,
USA). The brachial artery was scanned in the longitudinal
plane, above the antecubital fossa. Then, reactive
hyperemia was induced by inflating a forearm occlusive
cuff at suprasystolic levels for 5 min. Brachial artery was
continuously scanned from 30s before to 90s after cuff
deflation. Hyperemic velocity was assessed by a Doppler
signal obtained within the first 15s after cuff deflation
[17]. At least 10 min after the 120 min cuff deflation,
endothelium-independent, nitrate-induced dilatation
(NID) was measured after delivering a single (0.4 mg)
dose of nitroglycerin spray sublingually.

All scans were performed by the same examiner through-
out the study. Images were recorded on super-VHS
videotape, from which they were digitally acquired and
measured offline by the same observer, who was blinded
to the image sequence and the randomization assign-
ment. Three cardiac cycles were analyzed and measure-
ments were averaged. Hyperemic artery diameter was
measured 50-60s after cuff release. FMD was calculated
as the percentage increase in brachial artery diameter
during hyperemia compared with the resting value [17].

Measurement of hs-CRP and interleukins and
assessment of plasma antioxidative/oxidative status
The samples were centrifuged within 10 min after
collection at 3000 rpm, 4°C for 15 min. Immediately after
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centrifugation, the supernatant was stored at —80°C.
Serum levels of hs-CRP were measured by immunophe-
lometry (Dade Behring, Marburg, Germany). IL-6 and
IL-1b were measured using enzyme-linked immuno-
sorbent assay (R&D Systems, Minneapolis, Minnesota,
USA).

The plasma total antioxidative capacity (TAC) was
measured using ImAnOx kit, and the total plasma lipid
peroxides were measured using PerOx kit. Both are
photometric enzyme-linked immunosorbent assay sand-
wich tests provided by Immundiagnostik AG, Stuben-
wald-Allee 8a, D 64625 Bensheim, Germany. Owing to
the direct correlation between lipid peroxides and oxygen
radicals, it is possible to measure PerOx and characterize
total oxidative status/stress (T'OS) in biological fluids.

Statistical analysis

Sample-size calculations were based on data from our
unit, which showed that the SD of FMD measurement
was 3.5%. Therefore, we estimated that 13 patients
would provide 80% power at the 5% level of significance
to detect a difference of 3% in FMD in a crossover design
study. To provide better confidence we finally decided to
include 14 patients.

Numerical data are expressed as the mean = SD. All
variables were tested for homogeneity of variance and
normal distribution, before any statistical analysis
was applied, and hs-CRP was log-transformed. Baseline
parameters between the three sessions were compared
using one-way analysis of variance. Changes in hs-CRP, II-
6, II-1b, TAS, TOS, or NID between tea or caffeine
session and sham procedure session were compared using
the Student’s 7-test for paired measures. To evaluate the
composite effect of tea, or caffeine versus placebo over
time on all the other variables, a 4 x 2 analysis of variance
for repeated measures was performed [4 periods (base-
line, 30, 90, and 120 min) x 2 interventions (tea or
caffeine vs. placebo)]. A P value of less than 0.05 was
considered statistically significant. Data analysis was
performed wusing the SPSS statistical package for
Windows (version 10.0, SPSS Inc., Chicago, Illinois, USA).

Results

Baseline characteristics

There were no differences in all baseline characteristics
between tea, caffeine, and placebo sessions (Table 1).

Changes after green tea or caffeine

The effect of tea or caffeine on each variable is better
described as changes in the response of each variable,
where response is defined as net tea or caffeine minus
placebo values at each time point. Accordingly, P values
refer to changes in the studied variables between the tea

Table 1 Baseline characteristics of the study sessions

Green tea Caffeine Placebo P value
Systolic pressure (mmHg) 107+ 11 10812  112+11 0.523
Diastolic pressure (mmHg) 6919 68+10 70+7 0.847
Resting flow (ml/min) 127+£68 128 £ 71 158+ 96 0.518
Hyperemic flow (ml/min) 7301295 762+369 622+270 0.471
Reactive hyperemia (%) 614+ 386 593+330 376+240 0.113
Resting diameter (mm) 3.70+0.68 3.71+0.76 3.72+0.69 0.997
Hyperemic diameter (mm) 3.94+0.72 3.97+0.82 3.93%+0.73 0.988
FMD (%) 438+0.76 4.35+0.79 4.29+0.70 0.528
TAC (umol/l) 354 £37 363125 344+44 0.384
TOS (umol/l) 222+141 267+t161 261+142 0.685

P value refers to the comparison among the three sessions. Values are
mean+ SD. FMD, flow-mediated dilatation; TAC, total antioxidative capacity;
TOS, total oxidative status/oxidative stress.

or caffeine and the placebo session throughout the whole
study.

Effect on blood pressure

Systolic pressure increased both with tea (by 8.2 mmHg,
peak at 90min, P <0.05), and with caffeine (by
7.6 mmHg, peak at 90 min, P < 0.05). Diastolic pressure
did not increase either with tea or with caffeine.

Effect on flow-mediated dilatation

Resting and hyperemic brachial artery diameter did not
change significantly either with green tea or with caffeine
(Fig. 1). FMD of the brachial artery increased signifi-
cantly with green tea (by 3.69%, peak at 30min,
P <0.02), whereas it did not change significantly with
caffeine (Fig. 1). Endothelium-independent NID did not
change either with green tea or caffeine compared with
placebo (20.4+7.5 vs. 18.8%6.7 vs. 16.9*=7.2% for
green tea, caffeine, and placebo sessions, respectively,
P=NS for both comparisons). Resting brachial artery
flow showed a trend to increase with green tea (by
45.5 ml/min at 120 min, P =0.07) and remained practi-
cally unchanged with caffeine (increase by 24.6 ml/min at
90 min, P = NS). Neither green tea nor caffeine produced
a significant change in hyperemic brachial artery flow, or
in the percentage of reactive hyperemia compared with
placebo (data not shown).

When the effect of green tea was compared with that of
caffeine, no differences were observed in any of the
studied parameters.

Effect on hs-CRP, interleukins, and plasma
antioxidative/oxidative status

Green tea and caffeine had no effect on hs-CRP
(decrease by 0.01 =£0.11 and increase by 0.02 =0.11
mg/l, respectively, P=NS for both), on IlI-6 (increase
by 0.01 +0.34 and decrease by 0.26 %+ 0.85pg/ml,
respectively, P =NS for both), or on Il-1b (increase by
0.89 £ 3.37 and decrease by 0.66 = 4.37 pg/ml, respec-
tively, P = NS for both). Green tea and caffeine did not
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Fig. 1
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Changes in response to resting and hyperemic diameter of the brachial artery and to flow-mediated dilatation. Response is defined as net green tea
(or net caffeine) minus control values at each time point in the green tea (or caffeine) and control session during the study (mean £ SEM). P values
derived from analysis of variance refer to the composite effect of green tea (or of caffeine) versus control.

either have any effect on total antioxidative capacity
(TAC; increase by 5.6 +39.6 and by 2.3 = 21.5 umol/l,
respectively, P = NS for both) or on total oxidative status/
oxidative stress (TOS; increase by 28.0 = 77.6 and by
26.6 = 70.7 pmol/l, respectively, P = NS for both).

Discussion

This is the first study, to the best of our knowledge, to
show that green tea consumption results in an acute
increase in FMD of the brachial artery. Our results are
inline with previous studies that have examined other
types of tea or the effect of green tea on other vascular
beds. It has been demonstrated that black tea has an
acute and a chronic beneficial effect on endothelial
function [19-22]. Furthermore, it has recently been
shown that green tea reverses endothelial dysfunction in
smokers, as this was assessed in the arterial bed of the
forehand [23].

The beneficial effect of green tea on endothelial function
may be attributed to its high flavonoid content. As has
been shown, epigallocatechin gallate, a major catechin in
tea, acutely improves endothelial function in humans
with coronary artery disease [25]. Green tea is supposed
to be more protective against cardiovascular diseases than
black tea [12]. In this context, we have recently shown
that green tea has no adverse effect on aortic stiffness,
whereas black tea increases aortic stiffness acutely [26].
The beneficial effect of other flavonoid-rich foods and
beverages, such as red wine and red grapes, and dark
chocolate, on endothelial function has also been demon-
strated in various studies [27,28].

The beneficial effect of green tea on endothelial function
could be mediated through various mechanisms. It has
been shown ex wiwo that green tea flavonoids inhibit

angiotensin-converting enzyme activity [29], although
higher molecular weight flavonoids are more effective in
inhibiting angiotensin-converting enzyme activity than
monomers found in green tea. It has also been found that
green tea increases NO production by endothelial cells
[29]. There is experimental evidence that purified
antioxidant flavonoids improve endothelium-derived NO
bioactivity, an effect mediated by enhanced NO synthesis
rather than by decreased superoxide-mediated NO break-
down [30]. Furthermore, tea polyphenols stimulate Akt-
mediated endothelial-derived NO synthase activity [31].

According to our results, the changes in endothelial
function were not associated with changes in inflamma-
tory or oxidative status assessed by hs-CRP, I1-6, Il-1b,
TAC, and TOS at 120 min after consumption. Although
measures of antioxidant status have shown to change
within 2h of tea consumption [32-34], our results are
inline with studies that have found that the beneficial
effect of tea on endothelial function is not accompanied
by a change in inflammatory or oxidative status [35-38].
We, however, cannot exclude the possibility that changes
could have occurred earlier than 120 min [32-34], which
was the time point of our blood sampling.

Although not supported by findings regarding the specific
inflammatory markers we measured in our study, green
tea may exert its beneficial effects through anti-
inflammatory pathways [39]. Short-term, that is, 6 weeks,
tea consumption reduced hs-CRP in one study [40]. As
has been shown, inflammation has a detrimental effect on
vascular function [41,42] and a reduction in inflammatory
status with green tea could induce an improvement in
endothelial function.

Although we and others have previously shown that
caffeine consumption impairs vascular performance by
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increasing arterial stiffness and wave reflections acutely
and on a chronic basis [43—47], the effect of caffeine on
endothelial function has not been clarified yet. In this
study, we found no overall effect of caffeine on
endothelial function. The lack of an effect of caffeine
on endothelial function is inline with Dufty er o/ [19],
who showed that caffeine had no effect on FMD of the
brachial artery 2 h after consumption. Varying results have
also been reported in other studies regarding the effect of
coffee/caffeine on endothelial function; caffeinated cof-
fee was shown to adversely affect endothelial function of
the brachial artery [48]; on the contrary, oral caffeine was
associated with improved endothelial function of the
resistance arteries [49].

Green tea consumption resulted in an acute increase in
systolic blood pressure. This finding is in accord with
earlier studies from our and other laboratories that have
examined the pressor effect of black and green tea
[26,50], The chronic effect of tea consumption on blood
pressure, however, is probably neutral [51]. The changes
in FMD observed in our study are not likely because of
changes in blood pressure. Indeed, studies have shown
that the effect of an intervention on FMD is either
unrelated to changes in blood pressure [52,53] or is
inversely related (a decrease in blood pressure is
associated with an increase in FMD) [54].

Clinical implications

These findings have important clinical implications. Tea
consumption has been associated with reduced cardio-
vascular morbidity and mortality, although this association
was not found in all studies [1-8]. Lesser green tea is
consumed in the western world than black tea; however,
it could be more beneficial, as black tea flavonoids are
oxidized during the fermentation process [9]. Endothelial
function is of paramount importance for the proper
function of the cardiovascular system, and its dysfunction
is a key event in the progression of atherosclerosis
[13-18]. The beneficial effect of green tea on cardiovas-
cular risk could partly be explained by the improvement
of endothelial dysfunction.

Study limitations

Our study population consisted of young healthy
individuals with no cardiovascular risk factors except
from smoking (50% of the participants). Thus, our results
may not be applicable to population groups with different
characteristics, such as the elderly.

The lack of difference in FMD between tea and caffeine
could be attributed to the fact that caffeine produced a
small, yet nonsignificant, change that was in the same
direction as that of tea.

A possible differential effect of green and black tea
cannot be inferred from the results of our study. Further

studies, specially designed, could offer valuable informa-
tion toward this end.

Finally, owing to the acute nature of the study, no
conclusions can be made for the long-term effect of green
tea consumption on endothelial function.

Conclusion

In conclusion, green tea has an acute beneficial effect on
endothelial function in healthy individuals. This could
contribute to the possible beneficial effect of green tea
on cardiovascular risk.

Acknowledgements

The authors thank Christina Sakellariou, Chemist and
Panagiotis Marioleas, Chemist, PhD, General Chemical
State Laboratory, Fourth Division of Athens — Section B,
Athens, Greece, who performed the measurements of
caffeine in the green tea preparations.

Conflict of interest: none.

References

1 Hertog MG, Sweetnam PM, Fehily AM, Elwood PC, Kromhout D. Antioxidant
flavanols and ischemic heart disease in a Welsh population of men: the
Caerphilly Study. Am J Clin Nutr 1997; 65:1489-1494.

2 Arts IC, Hollman PC, Feskens EJ, Bueno de Mesquita HB, Kromhout D.
Catechin intake might explain the inverse relation between tea consumption
and ischemic heart disease: the Zutphen Elderly Study. Am J Clin Nutr
2001; 74:227-232.

3 Geleijnse J, Launer L, van der Kuip D, Hofman A, Witteman J. Inverse
association of tea and flavonoid intakes with incident myocardial infarction:
the Rotterdam Study. Am J Clin Nutr 2002; 75:880-886.

4 Hirano R, Momiyama Y, Takahashi R, Taniguchi H, Kondo K, Nakamura H,
et al. Comparison of green tea intake in Japanese patients with and without
angiographic coronary artery disease. Am J Cardiol 2002; 90:1150-1153.

5 Mukamal KJ, Maclure M, Muller JE, Sherwood JB, Mittleman MA. Tea
consumption and mortality after acute myocardial infarction. Circulation
2002; 105:2476-2481.

6 Kuriyama S, Shimazu T, Ohmori K, Kikuchi N, Nakaya N, Nishino Y, et al.
Green tea consumption and mortality due to cardiovascular disease, cancer,
and all causes in Japan: the Ohsaki study. JAMA 2006; 296:1255-1265.

7 Lin J, Rexrode KM, Hu F, Albert CM, Chae CU, Rimm EB, et al. Dietary
intakes of flavonols and flavones and coronary heart disease in US women.
Am J Epidemiol 2007; 165:1305-1313.

8 Lopez-Garcia E, van Dam RM, Willett WC, Rimm EB, Manson JE,
Stampfer MJ, et al. Coffee consumption and coronary heart disease
in men and women. A prospective cohort study. Circulation 2006;
113:2045-2053.

9 Khokhar S, Magnusdottir SG. Total phenol, catechins, and caffeine contents
of teas commonly consumed in the United Kingdom. J Agric Food Chem
2002; 50:565-570.

10 Henning SM, Niu Y, Lee NH, Thames GD, Minutti RR, Wang H, et al.
Bioavailability and antioxidant activity of tea flavanols after consumption
of green tea, black tea, or a green tea extract supplement. Am J Clin Nutr
2004; 80:1558-1564.

11 Vinson JA, Dabbagh YA. Effect of green and black tea supplementation on
lipids, lipid oxidation and fibrinogen in the hamster: mechanisms for the
epidemiological benefits of tea drinking. FEBS Lett 1998; 433:44-46.

12 Cheng TO. All teas are not created equal: the Chinese green tea and
cardiovascular health. Int J Cardiol 2006; 108:301-308.

13 Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller Ol,
Sullivan ID, et al. Non-invasive detection of endothelial dysfunction in
children and adults. Lancet 1992; 340:1111-1115.

14 Raitakari OT, Adams MR, McCredie RJ, Griffiths KA, Celermajer DS. Arterial
endothelial dysfunction related to passive smoking is potentially reversible in
healthy young adults. Ann Intern Med 1999; 130:578-581.

Downloaded from cpr.sagepub.com at Scientific library of Moscow State University on January 8, 2014


http://cpr.sagepub.com/
http://cpr.sagepub.com/
egueg
Texte surligné 

egueg
Texte surligné 


20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Lekakis JP, Papamichael CM, Papaioannou TG, Dagre AG, Stamatelopoulos
KS, Tryfonopoulos D, et al. Oral folic acid enhances endothelial function in
patients with hypercholesterolaemia receiving statins. Eur J Cardiovasc Prev
Rehabil 2004; 11:416-420.

Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S, Delagrange D,
et al. Close relation of endothelial function in the human coronary and
peripheral circulations. J Am Coll Cardiol 1995; 26:1235-1241.

Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbonneau F,
Creager MA, et al.; International Brachial Artery Reactivity Task Force.
Guidelines for the ultrasound assessment of endothelial-dependent flow-
mediated vasodilation of the brachial artery. A report of the International
Brachial Artery Reactivity Task Force. J Am Coll Cardiol 2002; 39:257-265.
Karatzis EN, Ikonomidis I, Vamvakou GD, Papaioannou TG, Protogerou AD,
Andreadou |, et al. Long-term prognostic role of flow-mediated dilatation of
the brachial artery after acute coronary syndromes without ST elevation. Am
J Cardiol 2006; 98:1424-1428.

Duffy SJ, Keaney JF Jr, Holbrook M, Gokce N, Swerdloff PL, Frei B, et al.
Short- and long-term black tea consumption reverses endothelial
dysfunction in patients with coronary artery disease. Circulation 2001;
104:151-156.

Hodgson JM, Puddey IB, Burke V, Watts GF, Beilin LJ. Regular ingestion of
black tea improves brachial artery vasodilator function. Clin Sci 2002;
102:195-201.

Hodgson JM, Burke V, Puddey IB. Acute effects of tea on fasting and
postprandial vascular function and blood pressure in humans. J Hypertens
2005; 23:47-54.

Lorenz M, Jochmann N, von Krosigk A, Martus P, Baumann G, Stangl K, et al.
Addition of milk prevents vascular protective effects of tea. Eur Heart J
2007; 28:219-223.

Nagaya N, Yamamoto H, Uematsu M, ltoh T, Nakagawa K, Miyazawa T, et al.
Green tea reverses endothelial dysfunction in healthy smokers. Heart 2004;
90:1485-1486.

Manach C, Williamson G, Morand C, Scalbert A, Remesy C. Bioavailability
and bioefficacy of polyphenols in humans. I. Review of 97 bioavailability
studies. Am J Clin Nutr 2005; 81:230S-242S.

Widlansky ME, Hamburg NM, Anter E, Holbrook M, Kahn DF, Elliott JG, et al.
Acute EGCG supplementation reverses endothelial dysfunction in patients
with coronary artery disease. J Am Coll Nutr 2007; 26:95-102.
Vlachopoulos C, Alexopoulos N, Dima |, Aznaouridis K, Andreadou I,
Stefanadis C. Acute effect of black and green tea on aortic stiffness and
wave reflections. J Am Coll Nutr 2006; 25:216-223.

Lekakis J, Rallidis LS, Andreadou |, Vamvakou G, Kazantzoglou G, Magiatis
P, et al. Polyphenolic compounds from red grapes acutely improve
endothelial function in patients with coronary heart disease. Eur J
Cardiovasc Prev Rehabil 2005; 12:596-600.

Vlachopoulos C, Aznaouridis K, Alexopoulos A, Economou E, Andreadou |,
Stefanadis C. Effect of dark chocolate on arterial function in healthy
individuals. Am J Hypertens 2005; 18:785-791.

Persson IA, Josefsson M, Persson K, Andersson RG. Tea flavanols inhibit
angiotensin-converting enzyme activity and increase nitric oxide production
in human endothelial cells. J Pharm Pharmacol 2006; 58:1139-1144.
Fitzpatrick DF, Hirschfield SL, Ricci T, Jantzen P, Coffey RG. Endothelium-
dependent vasorelaxation caused by various plant extracts. J Cardiovasc
Pharmacol 1995; 26:90-95.

Anter E, Thomas SR, Schulz E, Shapira OM, Vita JA, Keaney JF Jr. Activation
of endothelial nitric-oxide synthase by the p38 MAPK in response to black
tea polyphenols. J Biol Chem 2004; 279:46637-46643.

Serafini M, Laranjinha JA, Almeida LM, Maiani G. Inhibition of human LDL
lipid peroxidation by phenol-rich beverages and their impact on plasma total
antioxidant capacity in humans. J Nutr Biochem 2000; 11:585-590.
Leenen R, Roodenburg A, Tijburg L, Wiseman S. A single dose of tea with or
without milk increases plasma antioxidant activity in humans. Eur J Clin Nutr
2000; 50:28-32.

Kyle JA, Morrice PC, McNeill G, Duthie GG. Effects of infusion time and
addition of milk on content and absorption of polyphenols from black tea.
J Agric Food Chem 2007; 55:4889-4894.

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Green tea and endothelial function Alexopoulos et al. 305

Widlansky ME, Duffy SJ, Hamburg NM, Gokce N, Warden BA, Wiseman S,
et al. Effects of black tea consumption on plasma catechins and markers of
oxidative stress and inflammation in patients with coronary artery disease.
Free Radic Biol Med 2005; 38:499-506.

Cherubini A, Beal MF, Frei B. Black tea increases the resistance of human
plasma to lipid peroxidation in vitro, but not ex vivo. Free Radic Biol Med
1999; 27:381-387.

Hodgson JM, Croft KD, Mori TA, Burke V, Beilin LJ, Puddey IB. Regular
ingestion of tea does not inhibit /in vivo lipid peroxidation in humans.

J Nutr 2002; 132:55-58.

Princen HM, van Duyvenvoorde W, Buytenhek R, Blonk C, Tijburg LB,
Langius JA, et al. No effect of consumption of green and black tea on plasma
lipid and antioxidant levels and on LDL oxidation in smokers. Arterioscler
Thromb Vasc Biol 1998; 18:833-841.

Kim 1B, Kim DY, Lee SJ, Sun MJ, Lee MS, Li H, et al. Inhibition of IL-8
production by green tea polyphenols in human nasal fibroblasts and a549
epithelial cells. Biol Pharm Bull 2006; 29:1120-1125.

Steptoe A, Gibson EL, Vuononvirta R, Hamer M, Wardle J, Rycroft JA,

et al. The effects of chronic tea intake on platelet activation and
inflammation: a double-blind placebo controlled trial. Atherosclerosis 2007;
193:277-282.

Hingorani AD, Cross J, Kharbanda RK, Mullen M, Bhagat K, Taylor M, et al.
Acute systemic inflammation impairs endothelium dependent dilatation in
humans. Circulation 2000; 102:994-999.

Vlachopoulos C, Dima |, Aznaouridis K, Vasiliadou C, loakeimidis N, Aggeli
C, et al. Acute systemic inflammation increases arterial stiffness and
decreases wave reflections in healthy individuals. Circulation 2005;
112:2193-2200.

Vlachopoulos C, Hirata K, O'Rourke M. Pressure-altering agents affect
central aortic pressures more than is apparent from upper limb
measurements in hypertensive patients: the role of arterial wave reflections.
Hypertension 2001; 38:1456-1460.

Vlachopoulos C, Hirata K, O'Rourke MF. Effect of caffeine on aortic elastic
properties and wave reflection. J Hypertens 2003; 21:563-570.
Vlachopoulos C, Kosmopoulou F, Panagiotakos D, loakeimidis N,
Alexopoulos N, Pitsavos C, et al. Smoking and caffeine have a synergistic
detrimental effect on aortic stiffness and wave reflections. J Am Coll Cardiol
2004; 44:1911-1917.

Vlachopoulos C, Panagiotakos D, loakeimidis N, Dima |, Stefanadis C.
Chronic coffee consumption has a detrimental effect on aortic stiffness and
wave reflections. Am J Clin Nutr 2005; 81:1307-1312.

Mahmud A, Feeley J. Acute effect of caffeine on arterial stiffness and aortic
pressure waveform. Hypertension 2001; 38:227-231.

Papamichael CM, Aznaouridis KA, Karatzis EN, Karatzi KN, Stamatelopoulos
KS, Vamvakou G, et al. Effect of coffee on endothelial function in

healthy subjects: the role of caffeine. Clin Sci (London) 2005;
109:55-60.

Umemura T, Ueda K, Nishioka K, Hidaka T, Takemoto H, Nakamura S, et al.
Effects of acute administration of caffeine on vascular function. Am J Cardiol
2006; 98:1538-1541.

Hodgson JM, Puddey IB, Burke V, Beilin LJ, Jordan N. Effects on

blood pressure of drinking green and black tea. J Hypertens 1999;
17:457-463.

Taubert D, Roesen R, Schomig E. Effect of cocoa and tea intake on blood
pressure: a meta-analysis. Arch Intern Med 2007; 167:626-634.

Flammer AJ, Hermann F, Wiesli P, Schwegler B, Chenevard R, Hurlimann D,
et al. Effect of losartan, compared with atenolol, on endothelial function and
oxidative stress in patients with type 2 diabetes and hypertension.

J Hypertens 2007; 25:785-791.

Ghiadoni L, Huang Y, Magagna A, Buralli S, Taddei S, Salvetti A. Effect of
acute blood pressure reduction on endothelial function in the brachial artery
of patients with essential hypertension. J Hypertens 2001; 19:547-551.
O'Driscoll G, Green D, Maiorana A, Stanton K, Colreavy F, Taylor R.
Improvement in endothelial function by angiotensin-converting enzyme
inhibition in non-insulin-dependent diabetes mellitus. J Am Coll Cardiol
1999; 33:1506-1511.

Downloaded from cpr.sagepub.com at Scientific library of Moscow State University on January 8, 2014


http://cpr.sagepub.com/
http://cpr.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


