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Black Tea Increases Coronary Flow
Velocity Reserve in Healthy

Male Subjects
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pidemiologic studies suggest that tea consumption de-
reases the risk for cardiovascular events. However,
here has been no clinical report examining the effects of
ea consumption on coronary circulation. The purpose of
his study was to evaluate the effects of black tea on
oronary flow velocity reserve (CFVR) using transtho-
acic Doppler echocardiography (TTDE). This was a dou-
le-blind crossover study of 10 healthy male volunteers
onducted to compare the effects of black tea and caf-
eine on coronary circulation. The coronary flow velocity
f the left anterior descending coronary artery was mea-
ured at baseline and at hyperemia during adenosine
riphosphate infusion by TTDE to determine CFVR. The

FVR ratio was defined as the ratio of CFVR after bev-
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rage consumption to CFVR before beverage consump-
ion. All data were divided into 2 groups according to
everage type: group T (black tea) and group C (caf-
eine). Two-way analysis of variance showed a signifi-
ant group effect and interaction in CFVR before and
fter beverage consumption (p � 0.001). CFVR signifi-
antly increased after tea consumption in group T (4.5 �
.9 vs 5.2 � 0.9, p <0.0001). The CFVR ratio of group
was larger than that of group C (1.18 � 0.07 vs 1.04
0.08, p � 0.002). Acute black tea consumption im-

roves coronary vessel function, as determined by
FVR. �2004 by Excerpta Medica, Inc.

(Am J Cardiol 2004;93:1384–1388)
lack tea is known to be rich in flavonoids. Epide-
miologic studies have reported a reduced risk for

ardiovascular events, such as myocardial infarction,
troke, and cardiac death, in subjects with high fla-
onoid intake.1,2 There is also convincing evidence
hat the dietary intake of antioxidant flavonoids is
ssociated with reduced cardiovascular risk1–3 and
ortality after myocardial infarction.4 A meta-analy-

is of tea consumption on the basis of 7 cohort studies
emonstrated that the incidence of myocardial infarc-
ion decreases by 11% with an increase in tea con-
umption of 3 cups per day.5 The potential protective
ffect of flavonoids has been attributed to antioxi-
ant,6 antithrombogenic,7 and anti-inflammatory prop-
rties.8 However, there has been no clinical report
xamining the effects of tea consumption on coronary
irculation. Coronary flow reserve measurement has
een considered to be a useful physiologic index for
oronary circulation.9 Recent developments in trans-
horacic Doppler echocardiography (TTDE) enable
he estimation of coronary flow velocity reserve
CFVR) noninvasively.10,11 It is important to investi-
ate the effect of tea consumption on coronary circu-

rom Columbia University, College of Physicians & Surgeons, Depart-
ent of Medicine, Division of Cardiology, New York, New York; and
saka City University Medical School, Department of Internal Medi-

ine and Cardiology, Osaka, Japan. Manuscript received September
9, 2003; revised manuscript received and accepted February 18,
004.

Address for reprints: Kenei Shimada, MD, Osaka City University
edical School, Department of Internal Medicine and Cardiology,
-4-3 Asahimachi, Abeno-ku, Osaka, 545–8585 Japan. E-mail:
ation to assess tea consumption in relation to cardio-
ascular disease. The purpose of this study was to
valuate, using TTDE, the effect of black tea on
FVR in young healthy men.

ETHODS
Study population: Ten male volunteers were en-

olled in this study. We excluded female subjects,
ecause CFVR is affected by the menstrual cycle.12

ubjects were healthy medical students and physicians
mean age 26 � 3 years). All subjects were asymp-
omatic, normotensive, nondiabetic, and nonsmokers.
hey had no significant medical histories and no hab-

ts of increased tea, caffeine, red wine, or purple grape
uice consumption. No subjects had taken any choles-
erol-reducing agents or antioxidant vitamin supple-
ents for the preceding 2 months. Each subject gave
ritten informed consent before enrollment.

Study design: The study used a double-blind cross-
ver design that compared the effect of black tea
group T) and a caffeine-containing control (group C)
n coronary circulation. Volunteers were studied on 2
eparate occasions 1 week apart after overnight fasting
nd abstinence from red wine,13 purple grape juice,14

ea, and other known sources of significant amounts of
avonoids for 24 hours before each test session.15

fter baseline CFVR measurements were obtained,
olunteers consumed 450 ml of a test beverage in
andom order (black tea or caffeine-containing con-
rol). Two hours after beverage consumption, a second
et of measurements were taken. This time point rep-
esents the peak blood level of flavonoids after an

15
cute drink of tea. Black tea and caffeine drinks

0002-9149/04/$–see front matter
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ere formulated to have exactly the same color, taste,
nd flavor (provided by Unilever Bestfoods North
merica, Englewood Cliffs, New Jersey). The tea-

ontaining drinks provided 2,100 mg of water-soluble
ea extract solids, and the caffeine control contained
20 mg of caffeine (the same amount as delivered by
he tea beverages). The contents of the black tea
everage are listed in Table 1.

Coronary flow studies: Echocardiography was per-
ormed with the Acuson Sequoia 512 (Siemens AG

edical Solutions, Erlangen, Germany) with a fre-
uency of 7.0 MHz. In color Doppler flow mapping,
he velocity range was set in the range of �11 to 23
m/s. The color gain was adjusted to provide optimal
mages. The ultrasound beam was transmitted toward
he heart to visualize coronary blood flow in the left
nterior descending coronary artery (LAD) by color
oppler echocardiography. First, we imaged left ven-

ricle in the long-axis cross section, and the ultrasound
eam was inclined laterally. Next, coronary blood
ow in the distal portion of the LAD was searched
nder the guidance of color Doppler flow mapping.
ith a sample volume (2.5 or 3.0 mm wide) posi-

ioned on the color signal in the LAD, Doppler spec-
ral tracings of flow velocity were recorded.

Although we tried to align the ultrasound beam
irection to distal LAD flow as parallel as possible,
ngle correction was needed in each examination be-
ause of incident Doppler angle (mean angle 38°,
ange 22° to 54°). We first recorded baseline spectral
oppler signals in the distal portion of the LAD over
cardiac cycles at end-expiration by TTDE. Intrave-

ous adenosine triphosphate (ATP) was administered
140 �g/kg�1 min�1 intravenously) for 2 minutes to
ecord spectral Doppler signals during hyperemic con-
itions. When the spectral recordings of LAD flow
ere inadequate to evaluate its velocity, a contrast

gent (Levovist, Schering, Berlin, Germany) was used
o enhance the Doppler signals. All subjects had con-
inuous heart rate and electrocardiographic monitor-
ng. Blood pressure was recorded at baseline and
very minute during ATP infusion.

Each study was analyzed by 2 experienced investi-
ators who were blinded to the other subject data. Mea-
urements were performed off line by tracing the contour

TABLE 1 Average Polyphenol Content of Black Tea

Component Black Tea (mg/package)

Caffeine 128.0
Polyphenols 762.2

Cathekins 76.8
Epigallocatechin 20.7
Epigallocatechin gallate 24.6
Epicatechin 14.7
Epicatechin gallete 16.8

Theaflavins 18.6
Theaflavin 6.3
Theaflavin-3-gallate 5.4
Theaflavin-3�-gallate 1.8
Theaflavin-3,3�-digallate 5.1

Other polyphenols 666.8
f the spectral Doppler signal using the computer incor- e

CARDIOVAS
orated in the ultrasound system. Mean diastolic veloc-
ties were measured at baseline and peak hyperemic
onditions from the Doppler signal recordings. CFVR
as defined as the ratio of hyperemic to basal mean
iastolic velocity. CFVR measurement was performed
efore and 2 hours after tea consumption. The CFVR
atio was derived by dividing baseline CFVR by CFVR
fter beverage consumption.

Statistical analysis: Data are presented as mean val-
es � SDs. To compare the effects of ATP administra-
ion and treatment, we used 2-way, repeated-measures
nalysis of variance (ANOVA) for hemodynamic pa-
ameters, coronary flow velocity, and CFVR over ATP
dministration before and after treatment with post hoc
cheffe comparison. Paired t tests were used for directed
omparisons of beverage intake effects in each group.
e used 1-way ANOVA for CFVR ratio to compare the

ffects of beverage types. Statistical significance was
ccepted at p �0.05.

ESULTS
Adequate spectral Doppler recordings of diastolic

oronary flow in the LAD were obtained in all volun-
eers (100%) (Figure 1). No participant experienced
trioventricular block, chest pain, flushing, or palpita-
ions during ATP infusion in the TTDE studies. He-
odynamics did not change before and after tea or

affeine intake. Two-way ANOVA showed no signif-
cant difference or interaction in terms of heart rate,
ystolic blood pressure, and diastolic blood pressure
etween groups T and C during ATP infusion (Table
).

Coronary flow responses: Mean diastolic velocities
t baseline were comparable in 2 groups before and
fter black tea and caffeine intake (Table 2). There
as no significant difference in CFVR at baseline in

he 2 groups. However, 2-way ANOVA showed a
ignificant group effect and interaction in CFVR be-
ore and after beverage consumption (p � 0.01).
FVR significantly increased after black tea con-

umption (4.5 � 0.9 vs 5.2 � 0.9, p �0.0001) (Tables
and 3). One-factor ANOVA showed a significant

roup effect in CFVR ratio (p � 0.002). The CFVR
atio in group T was greater than that in group C (1.18

0.07 vs 1.04 � 0.08, p � 0.002) (Tables 2 and 3,
nd Figure 2).

Interobserver and intraobserver variabilities for the
easurement of Doppler velocity recordings were

.9% and 4.0%, respectively.

ISCUSSION
This study demonstrated that the consumption of

lack tea increases CFVR in young healthy men
cutely. The results of this study suggest that black tea
onsumption has a beneficial effect on coronary cir-
ulation.

Using TTDE, we assessed CFVR, which has pre-
iously been used as a surrogate for coronary flow
eserve.10,11 Abnormalities in the microcirculation of
he heart are associated with the well-known risk
actors for cardiovascular disease, hypercholesterol-

mia, diabetes, and hypertension, and these abnormal-
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ties are reflected by coronary flow reserve capaci-
y.16–18 In these studies, coronary flow reserve was
easured by positron emission tomography, Doppler

atheter or guidewire, and transesophageal Doppler
chocardiography. Compared with the other methods,
TDE as used in the present study is completely
oninvasive and relatively inexpensive to perform.
urthermore, this technique provides CFVR measure-

IGURE 1. Example case of coronary flow velocity recordings befo
right). Coronary flow velocity at baseline did not change after bla
ncreased after black tea consumption.

TABLE 2 Hemodynamics and Coronary Flow Velocity Measurem

B

Heart rate (beats/min) Baseline 61
ATP infusion 62

Systolic blood pressure (mm Hg) Baseline 109
ATP infusion 106

Diastolic blood pressure (mm Hg) Baseline 69
ATP infusion 65

Mean diastolic velocity (cm/s) Baseline 19
ATP infusion 84

CFVR 4.5
CFVR ratio

*p �0.01 for the comparison with the value before consumption.
†p �0.05 for the comparison with the value after caffeine consumption.

TABLE 3 CFVR Measurement

Subject

Black Tea Caffeine

CFVR CFVR

Before After Ratio Before After Ratio

1 3.81 4.88 1.28 3.85 4.71 1.22
2 5.83 6.60 1.13 5.53 6.12 1.11
3 3.08 3.37 1.09 3.35 3.17 0.95
4 4.41 5.10 1.16 5.18 4.78 0.92
5 4.71 5.38 1.14 5.29 5.24 0.99
6 3.91 5.14 1.31 4.50 5.09 1.13
7 5.19 5.86 1.13 5.32 5.35 1.01
8 3.84 4.62 1.20 4.13 4.25 1.03
9 5.61 6.41 1.14 5.32 5.22 0.98

10 4.12 4.94 1.20 4.59 4.66 1.01
ent with a high success rate using a high-frequency t

386 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 93
ransducer and a reduced velocity range in color
oppler echocardiography. Using this noninvasive

black tea consumption (left) and after black tea consumption
tea consumption, but coronary flow velocity during hyperemia

s

Black Tea Caffeine

e After Before After

8 60 � 9 62 � 7 61 � 8
9 61 � 8 61 � 8 61 � 9
11 110 � 11 111 � 10 109 � 9
10 109 � 10 110 � 11 109 � 10
8 69 � 9 67 � 8 68 � 8
8 65 � 8 66 � 9 66 � 7
4 18 � 4 17 � 3 17 � 3
24 95 � 25* 78 � 10 81 � 11
0.9 5.2 � 0.9* 4.7 � 0.7 4.9 � 0.8

1.18 � 0.07† 1.04 � 0.08

IGURE 2. Brackets indicate SD. By post hoc analysis, the CFVR
atio of group T was significantly greater than that of group C
*p <0.01).
re
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echnique, we previously assessed the effects of red
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ine,13 passive smoking,19 and the menstrual cycle12

n microcirculation. Thus, this noninvasive technique
as ideal for the evaluation of serial changes in CFVR

n the present study’s subjects.
Effect of black tea consumption on coronary

irculation: In the present study, tea and caffeine con-
umption had no effect on baseline coronary flow
elocity. However, tea consumption increased coro-
ary flow velocity during ATP administration and thus
ncreased CFVR. In contrast, caffeine intake did not
ffect CFVR. These findings suggest that some com-
onent of tea, but not caffeine, improves CFVR with-
ut altering coronary circulation at rest.

Duffy et al15 reported that short-term and long-
erm black tea consumption reverses endothelial dys-
unction in patients with coronary artery disease. Endo-
helial dysfunction with atherosclerosis is associated with
ncreased oxidative stress and may be reversed by
ntioxidant treatment. Thus, tea flavonoids may act on
he endothelium of peripheral arteries to improve its
unction. Coronary flow reserve assessed during ATP-
nduced hyperemia relates to the endothelium-depen-
ent and endothelium-independent vasodilatation of
oronary arteries.20,21 Our result suggests that black
ea flavonoids may improve coronary endothelial
unction, similar to findings in the study of Duffy et
l15 demonstrating the beneficial effect of tea on pe-
ipheral endothelial function.22

The precise mechanism by which black tea in-
reases CFVR was not determined. However, there is
xperimental evidence that purified antioxidant fla-
onoids improve endothelium-derived nitric oxide
ioactivity by enhanced nitric oxide synthesis.23 Thus,
mprovement in coronary endothelial function by tea
avonoids may be a possible mechanism for increased
FVR after tea consumption.

Study limitations: There are several limitations to
he present study. First, we measured coronary flow
elocity change in the epicardial coronary artery, not
oronary flow volume change, to determine CFVR.
owever, CFVR can be used for the assessment of

oronary flow reserve because coronary flow velocity
hange correlates well with coronary flow volume
hange during drug-induced hyperemia.24 Thus,
FVR in the LAD should reflect the status of coronary
icrocirculation. Second, we enrolled only 10 young
ale healthy volunteers in this study. To clarify the

elation between tea and coronary circulation, further
tudies in larger populations with various clinical
haracteristics are needed. A study in patients with
oronary artery disease is especially warranted. It is
ecessary to assess the long-term effect on CFVR in
uture studies as well. Finally, several investigators
ave demonstrated that the response to ATP is atten-
ated by pharmacologic actions of caffeine.25,26 In the
resent study, black tea and caffeine consumption had
o effect on hemodynamics and baseline coronary
ow. We did not measure serum caffeine concentra-

ion before and after beverage consumption. However,
he black tea–containing drink we used in the present
tudy contained the same amount of caffeine as the

affeine-containing drink. The black tea–containing 6

CARDIOVAS
rink increased coronary flow velocity during ATP
dministration compared with the caffeine-containing
rink. These findings suggest that some component of
lack tea improves CFVR, even under the interference
f the ATP effect by caffeine and other xanthenes
ontained in black tea.
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