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REVIEW

Is there any evidence that tea drinking impacts
on cardiovascular health in the UK?

JENNY POULTER, CAROLINE BOLTON-SMITH, ANTON RIETVELD

Abstract

pidemiological studies in the Netherlands first
E demonstrated an inverse relationship between

ordinary (technically known as black) tea drinking
and cardiovascular disease (CVD) mortality. Subsequent
population-based studies have variously agreed with,
been opposite to (notably in the UK) or produced null
results. Currently, UK epidemiological studies look out
of step with the rest of the world. This review
highlights that, in the UK, tea drinking is more
pronounced in the lower socio-economic (SE) groups,
whilst tea drinking is associated with higher SE groups
in the other countries that have linked tea to CVD. Itis ‘
this key difference that may account for the apparen <</ e
positive relationship between tea drinking and CV,
mortality in the UK; low SE status (and high te

drinking) is also strongly associated with a hi @vestin@es in Sri Lanka. Evidence is equivocal whether

prevalence of the major CVD risk factors. e ﬂé& sonfer cardioprotective effects
Any positive benefits from tea drinkirg like
be due to a high content of antioxid noid
particularly the catechins. In vitro erv \Q/ Cardiol 2003;10:281-6
studies support mechanisms, s impro @ \
endothelial function, where flavo ay & Introduction
cardioprotective. @ lt_/ Dietary factors may both reduce and contribute to cardiovas-
Whilst there is no eviﬁr;c/e ro ation‘studies cular disease (CVD) risk in a number of ways. Antioxidants,
of positive cardiovascular benefirfrom tea d ing i such as vitamins C, E and a range of other plant compounds
the UK, tea is still contributing\fg\_gmoid toine such as the flavonoids,' are considered beneficial. Hertog and
diets and these may well be berieficia colleagues published one of the first observational studies sug-
can safely be encouraged as part of y diet. gesting that ordinary (black) tea may have a protective effect
Further studies are required to clagi e situation. on cardiovascular health.2 This prospective study followed an
q\ elderly Dutch cohort of 939 men for five years and found that
Key words: black tea, cardiovasculairisk, coronary heart those with an intake of flavonoids in the top third and those
disease, vascular function, endothelium. drinking more than 2.5 cups of tea per day (the major source of

flavonoids) had a significantly lower relative risk of CVD mortal-
ity than those in the bottom third or non-tea drinkers, respec-
tively. A typical cup of tea contains around 140 mg total
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2-12% of the population drink tea, compared with around 70%
in the UK, where an average daily intake is about 2.5 servings.*
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UK when tea was a luxury item, it is in sharp contrast to UK tea
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Figure 1. Comparative weekly tea consumption by age and socio-
economic group in the UK.
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consumption in the 20th and 21st centuries: tea consumgtion
increases from high to low socio-economic status,(SES) across
all age groups, as reported in the series of UK Natioral Diet ajid
Nutrition Surveys (see figure 1).57

Many further studies have been encouragee’as a result of
the initial Dutch findings. These are Wdfied in gudlity and
design, incorporating observationalepidemiolagical Jstudigs,
randomised controlled interventior! studiesZand\aboratory®
based models that investigate) mechdhisms of «astiop.
Interpreting whether there (s a helpfulgaubiic healtthmeysage
scattered amongst these jigsaw piegss is\iot easyand IAvolves
careful assessment of the quality and reliability/of adeh piece of
work so that any health claims are sased rmytfesest scientific
evidence. This article aims to provide afi" pvarview of the evi-
dence that links tea with CVD, to placé sorie of the papers that
have received media interest intQ Jcontext, and to identify
where more evidence is needed.

Epidemiological evidence

Links between tea drinking and CV health have been reported
in two UK population studies. In the Welsh Caerphilly study,®
after 14.4 years follow-up there was a weak significant trend
for increased mortality from ischaemic heart disease in men
drinking more than six cups of tea per day relative to those
drinking less than two cups per day, with a stronger effect seen
for all-cause mortality. In contrast, 7.7 years follow-up of the
Scottish Heart Health Study® showed no significant relationship
between tea drinking and CVD. These results also vary from
those found in the Netherlands, where more than one cup of
tea per day reduced the relative risk of CVD mortality — in the
Zutphen Elderly Study? and in the Rotterdam Study™ lower rel-
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ative risks for both fatal and non-fatal myocardial infarction
(MI) were seen in people drinking above two cups per day.
Results of studies in the USA have been equally varied"? but
have tended not to control for the confounding effects of SE sta-
tus and dietary antioxidant vitamins, which makes attribution of
effect to tea consumption or flavonoid intake per se, difficult.

The limitations of meta-analysis

US data have recently been pooled with European data into a
meta-analysis'® that reported a protective effect of tea on Ml
(11% per three cups/day). This analysis specifically excluded UK
data and so has not clarified the issue. Meta-analysis is a pow-
erful statistical tool but it cannot account for exclusion of major
confounding factors, such as dietary intake of other antioxidants
(e.g. vitamin C and E), or social factors. Cross-culturally this is a
major drawback, since the social patterns of tea consumption
and its relatjoriShip to other CVD risks are opposite in the UK to
other colifttdes. Even controlling for an available confounding
factaf, sueh as sodial §lass, is #ftan not adequate to remove the
whoieeffect pfiintetest.

Are resujts\of UK stidies really different?

he reSuits\of the Caérphilly Study® have been widely reported
in the Wédia (andAsubsequent scientific papers too) to demon-
stratéva direCt telationship between tea consumption and mor-
tality thatyissaf major public health importance. Whilst the
resultgPyesented in the paper showed a significant trend to this
effect, %e authors stated: "The positive association between
fa-onsumption and mortality can therefore probably be
éxplained by residual confounding from social class and smok-
irig, rather than from being a causal association". Most
authors, for example Peters et al.* in their meta-analysis, do
caution against over-interpretation of results due to very differ-
ent SES or co-linear relationships. These concerns seldom reach
the more general media reports.

Nutritional context

It is worth considering whether we really expect any single food
or drink item to improve health on its own. Such an over-sim-
plistic approach tends to find favour with the media because
general readers can instantly relate to the message in terms of
what they eat. In practice, no bioactive food component is
confined to a single food item and, in relation to the putative
cardio-protective effects of tea, the evidence discussed above
substantiates that tea is only one source of the likely bioactive
agents (flavonoids, specifically the catechins from tea). It
seems clear that tea drinking only becomes a good proxy for
what is a wider relationship when it provides the majority of
dietary flavonoids in a population, e.g. correlation coefficient (r)
of 0.83, p<0.001 in the Dutch elderly.? Where other food
sources (such as red wine, fruit and vegetables) are more
important (USA, Norway, Finland), or where tea consumption is
linked to high-risk lifestyle factors for CVD (such as low SES,
low dietary antioxidant vitamins, smoking and high blood chol-
esterol, as in the UK), then tea drinking cannot be expected to
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Table 1.  Overview of intervention studies on tea and vascular function

Reference Duffy et al.® Hodgson et al.?® Takenami et al.”

Country USA Australia Japan

Population 66 CAD patients, men + women 22 healthy men + post-menopausal women 10 healthy men and women
Design Crossover design Crossover design, analysed as parallel design Crossover, placebo-controlled

Acute effect of single dose
Long-term (4 wk) effect
Intervention Short-term study: single dose of
black tea (4.4 g black tea leaf)
Long-term study: black tea
(8.7 g/d black tea leaf)

Method FMD measurement

Results Short-term: significant increase

in FMD from 6.0 to 9.4%

Long-term: significant increase in

FMD from 6.0 to 9.5%
Short-on-long-term tea intake increased

the FMD response from 6.0 to 10.8%

Key: CAD = coronary artery disease; wk = week; FMD = flow-medisted difgtion

Long-term study (4 wk)

Black tea made from 10 g black tea leaf

FMD measurement

FMD increased¥rom 2.1 to 72 %
tea group, Sigmifidant 2.126
increasg=cQrapared to water group

Acute effect of single dose

Short-term study: single dose
of black tea (500 mls)
accompanied by a high fat
meal (79% energy)

Control — same meal with water
placebo

FMD measurement
Serum triglyceride

Black tea with the high fat meal
restored the endothelial dysfunction
caused by that meal

relate directly to CV outcomes in obsgrvatteral poptlatidn
studies.

To summarise this section, interpationally, the épidémiolag-
ical evidence for a beneficial effactn®f tea drifking per se on
CVD is only weak. The reported\national diffgrénges in the, rela-
tionship between tea and QV mortality@re Strongly iflugnced
by different social patterns of"consumptigh. If pldusible mech-
anisms are confirmed that flavoniidls iy tea ¢énfdence the
aetiology of CVD development and“grogregsipriadression (see
below), then tea drinking along with{fuits and vegetables
could be contributing to CV benefit.

Possible mechanisms

Tea and CVD risk factors

Tea, under the right socio-lifestyle circumstances, could be a
significant contributing dietary factor for reducing CV risk.
Recent advances in the understanding of mechanisms underly-
ing atherosclerosis are consistent with a potential role for con-
stituents in tea to promote heart health. This has prompted a
number of different lines of research including examination of
potential effects of tea on blood pressure,™ platelet aggrega-
tion,” blood cholesterol,’ plasma homocysteine concentra-
tions and ex vivo low density lipoprotein (LDL) oxidation.™ In
all, 45 human studies (including epidemiological and interven-
tion studies) have been published, which indicates the growing
level of interest in this area. To date, tea’s effects on blood pres-
sure, cholesterol, LDL oxidation, homocysteine and platelet
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&ggrhgation appear inconsistent, at least partly due to the
mixed quality of the studies. The evidence base looks more
sfomising for blood cholesterol because the two studies that
demonstrated beneficial effects were well controlled,’®? rela-
tive to those studies that did not.’?"

Tea and endothelial function

It is now generally accepted that endothelial dysfunction plays
a role in the early development of atherosclerosis.*?> Some
interesting data are emerging on the potential for tea to effect
vascular function mediated through the endothelium. Table 1
gives examples of three individual studies in this area.

Rupture of atherosclerotic plaques results in platelet activa-
tion, which leads to formation of a thrombus and potentially to
MI or stroke. Soluble P-selectin is one of a family of adhesion
molecules, released by platelets, and is considered to be a
marker of platelet activation. Hodgson et al.** found a 15%
decrease in soluble P-selectin following daily ingestion of 5.5
cups of tea for four weeks in healthy subjects; other markers of
blood flow were not influenced in this crossover study. Two
additional studies investigating the effect of tea on platelet
activity did not demonstrate beneficial effects on any other
markers of platelet function.?s?

The assessment of flow-mediated dilation (FMD) of the
brachial artery is currently widely used as a sophisticated and
non-invasive method of determining changes in nitric oxide
regulated vascular tone and thus endothelial function. Two
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% Key messages

® |[nternational differences in the relationship between tea
and cardiovascular disease are likely to be due to
different social patterns in tea consumption

® |n vitro and intervention studies support mechanisms,
such as improved endothelial function, whereby tea
(tea flavonoids) may be cardioprotective

® Tea is an important provider of fluids, but further studies
are required to clarify any specific health benefits

® Tea drinking can safely be encouraged as part of a
healthy diet

studies have investigated the effects of tea consumption on
FMD: one in patients with proven CVD# and the other in
healthy subjects with mildly elevated serum cholesterol or
triglyceride concentrations.?® Both studies examined the effects
of ingestion of usual levels of ordinary (black) tea and its short
and longer-term effects using crossover designs. Hot water was
the control beverage. Both studies reported that regular ingés;
tion of ordinary tea improved brachial artery vasodilatation
responses. The observed effects were quite consistent Wittiin
each study and between studies and represented dnNimprove-
ment in FMD of approximately 41% (in normaks4biects) and
56% (in patients with CVD). The latter repregents & restoration
of vessel reactivity to the levels found jm, healty individuals.
Another FMD study has been performedndapan swith, similar
positive outcomes.?”’

The precise mechanism by whitd tea impfovesnendotrielial
function was not considered in\eithler studybtit Lea flavcnoids
were suggested to:

e favourably affect tissue retox status
e improve endothelial-derived\ nitriz oxidé Bidavailability
through enhanced synthesis.

These studies have limitations sincg jhey ‘were not fully
blinded and either a placebo effec ,or\an effect of other
dietary antioxidants or CVD medicatidnsymay have contributed
to the results.

Overall, however, the evidence is beginning to suggest that
some mechanistic pathways do exist whereby tea constituents
can influence vascular health.

Conclusions

To summarise we can conclude that tea is a good source of
dietary antioxidant flavonoids and their actions on endothelial
function may help explain the cardioprotective effects of tea
drinking that is observed in some countries.

In the UK, tea drinking is more strongly associated with the
lower socio-economic groups that exhibit a higher prevalence
of major CVD risk factors (smoking, hypertension, obesity and
low levels of physical activity). Opposite trends exist in the other
countries studied. This means International differences in the
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relationships between tea drinking and CVD mortality are like-
ly to be due to different social patterns of tea consumption
and/or inadequate controlling for dietary intake of other
antioxidant nutrients.

Tea drinking per se, may only be demonstrably cardiopro-
tective when it is associated with an overall healthy lifestyle.
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