U.S. Department of Justice Supplemental Statement
Washington, DC 20530

OMB NO. 1105-0002
Pursuant to Section 2 of the Foreign Agents Registration Act
of 1938, as amended

For Six Month Period Ending_J 1 UEC 1996

(Insert date)

I- REGISTRANT

1. (a) Name of Registrant

(b) Registration No.
Tea Council of the U.S.A., Inc.

01853
(c) Business Address(es) of Registrant

230 Park Avenue
New York, NY 10169

2. Has there been a change in the information previously furnished in connection with the following
(a) If an individual:
(1) Residence address

Yes O NoO
(2) Citizenship Yes O No O
(3) Occupation YesO NoO
®) If an organization:

(1) Name Yes O No Gt

(2) Ownership or control YesO No G}

(3) Branch offices Yes O No Gt

©

Explain fully all changes, if any, indicated in items (a) and (b) above.

o

o
-
o

IF THE REGISTRANT IS AN INDIVIDUAL, OMIT RESPONSE TO ITEMS 3, 4, AND 5(a).

3. If you have previously filed Exhibit C', state whether any changes therein have occurred during this 6 month reporting period.
Yes O No @
Ifyes, have you filed an amendment to the Exhibit C? Yes O

No O
If no, please attach the required amendment.
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4. (a) Have any persons ceased acting as partners, officers, directors or similar offi

cials of the registrant during this 6 month reporting
pertod? Yes G

No O

If yes, furnish the following information:

Name Position Date Connection Ended

Ralph F. Genzano Director 10-8-96

Barry Gettins Director 10-8-96

John Q'Shaughnessy Director 10-8-96

(b) Have any persons become partners, officers, directors or similar officials during this 6 month reporting period?
N Yes & No O
If yes, furnish the following information:
Name Residence Citizenship Position Date

David Gordon Address Assumed
82 Stoner Dr. U.S.A. Director 10-8-96
West Hartford, CT 06107

5. (a) Has any person named in item 4(b) rendered services directly in furtherance of the interests of any foreign principal?
Yes O Nofd

If yes, identify each such person and describe his service.

(b) Have any employee or individuals, who have filed a short form registration statement, terminated their employment or
connection with the registrant during this 6 month reporting? YesO NoXJ

If yes, farnish the following information:

Name

Position or connection Date terminated

(¢) During this six month reporting period, has the registrant hired as employees or in any other capacity, any persons who rendered
or will render services to the registrant directly in furtherance of the interests of any foreign principal(s) in other than a clerical or

secretarial, or in a related or similar capacity? YesO No @
Ifyes, furnish the following information:
Name Residence Citizenship Position Date
Address

Assumed

6. Have short form registration statements been filed by all of the persons named in Items 5(a) and 5(c) of the supplemental statement?
Yes O NoO

Not Applicable
If no, list names of persons who have not filed the required statement,
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II - FOREIGN PRINCIPAL

7. Has your connection with any foreign principal ended during this 6 month reporting period?
YesO No X

If yes, furnish the following information:

Name of foreign principal Date of termination

8. Have you acquired any new foreign principal’ during this 6 month reporting period?
YesO No ¥

If yes, furnish following information:

Name and address of foreign principal Date acquired

9. In addition to those named in Items 7 and 8, if any, list foreign principals? whom you continued to represent during the 6 month
reporting period.
Sri Lanka Tea Board
Indonesian Tea Association
Tea Board of India

10. EXHIBITS A AND B
(2 Have you filed for each of the newly acquired foreign principals in Item 8 the following:

Exhibit A® Yes O NoO

1ol Not Applicable
Exhibit B* Yes O NoO

If no, please attach the required exhibit.

®) Have there been any changes in the Exhibits A and B previously filed for any foreign principal whom you

represented during this six month period? YesO No
If yes, have you filed an amendment to these exhibits? Yes O No [

If no, please attach the required amendment.

2 The term “foreign principal” m:lndu,mlddlhmwtlmodeﬁnodmncml(b)ofﬂnAct,mmde«pnmnyofmmvmumdncﬂyu' directly supervised, di lled, fi baidi
‘whole or in major part by a foreign government, foreign political party, foreign (See Rule 100(s) (9)). Amutwhowmmﬁmmﬂwuppmwduuqmdhhtmth
MMMMMMMMWMMMHMMNMWMWSoﬁhoAct (s..m:oe)

3 The Exhibit A, which is filed or form CRM-157 (Formetly OBD-67) sets forth the inf - quired to be di d -dnfomgnpnmmnl.

4 The Exhibit B, which is filed on Form CRM-155 (Formerly OBD-65) sets fourth the infc i ing the agn or the regi snd the foreign principal.

s
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I - ACTIVITIES

11. During this 6 month reporting period, have you engaged in any activities for or rendered any services to any foreign principal
named in Items 7, 8, and 9 of this statement? Yes & No O

If yes, identify each such foreign principal and describe in full detail your activities and services:
Sri Lanka Tea Board, Indonesian Tea Assoc iation, Tea Board of India

The Tea Council's sole objective is to try to increase the consurption of tea in the U.S.A. All of its
publicity/promotion programs, consisting of consumer booklets, radio interviews and press releases

are aimed toward that stated objective.

A. Tea and Health Canpaign as outlined in Item 11A

12. During this 6 month reporting period, have you on behalf of any foreign principal engaged in political activity® as defined below?

Yes O No X

If yes, identify each such foreign principal and describe in full detail all such political activity, indicating, among other things,
the relations, interests and policies sought to be influenced and the means employed to achieve this purpose. If the registrant
arranged, sponsored or delivered speeches, lectures or radio and TV broadcasts, give details as to dates, places, of delivery,
names of speakers and subject matter.

13. In addition to the above described activities, if any, have you engaged in activity on your own behalf which benefits any or all of
your foreign principals? Yes Xl NoO

df yes, describe fully.

Please see Item 11A

5'metmn"poliﬁmllcﬁviﬁu"mmmyncﬁvitytlmdltpmenpg‘nginbalicve"n'll,on!utdwpcmonimamlno,inmywnyinﬂnmeemymwyoruﬁciﬂofﬂnOovemmmkofﬂuUﬁdehhcormyncﬁmofﬂu
public within the United States with refe to formulating, adopting or changing the d i orfotdgnpoﬁduofmuﬁbdsum“wiﬂlufamhpoﬁﬁcdorwb&' policies, or relations of a go
aforeign country or a foreign political party.
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IV - FINANCIAL INFORMATION

14. (a) RECEIPTS-MONIES
During this 6 month reporting period, have you received from any foreign principal named in Items 7, 8, and 9 of this
statement, or from any other source, for or in the interests of any such foreign principal, any contributions, income or money
either as compensation or otherwise? Yes B NoO

If no, explain why.

If yes, set forth below in the required detail and separately for each foreign principal an account of such monies®
Date From Whom Purpose Amount

12/30/96 Sri Lanka Tea Board Full Member Dues $17,625.00

Total $17,625.00

(b) RECEIPTS - FUND RASING CAMPAIGN
During this 6 month reporting period, have you received, as part of a fund raising campaign’, any money on behalf of any

foreign principal named in items 7, 8, and 9 of this statement? Yes O No id
If yes, have you filed an Exhibit D to your registration? Yes O No O
If yes, indicate the date the Exhibit D was filed. Date

() RECEIPTS-THINGS OF VALUE
During this 6 month reporting period, have you received any thing of value® other than money from any foreign principal
named in Items 7, 8, and 9 of this statement, or from any other source, for or in the interests of any such foreign principal?
Yes O No X

If yes, furnish the following information:

Name of Date Description of
foreign principal received thing of value Purpose

6,7 Augimmtiuvqnindtoﬁlnlnl’adlibitDifhaeonscuumcivueonuﬂmﬁmlonm,momy,oroﬂmthinpofvdufwlfm@pﬁdﬂupﬁoflﬁmdmm (See Rule 201(e).)
8 An Exhibit D, for which no printed form is provided, sets forth an of money collected or received as a result of a fund raising campuign and transmitted for a foreign principal.
9 Thﬁwofvnheinchdebu:mnmﬁnﬁudmy'ﬁs,inmﬁum,wﬁummﬁvmdmkpmmmmMMnMMmmw,'mdﬂwﬁh.
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15.(a) DISBURSEMENTS-MONIES

During this 6 month reporting period, have you .
(1) disbursed or expended monies in connection with activity on behalf of any foreign named in Items 7, 8, and 9 of this

statement? Yes No O
(2) transmitted monies to any such foreign principal? Yes O Nofd

If no, explain in full detail why there were no disbursements made on behalf of any foreign principal.

If yes, set forth below in the required detail and separately for each foreign principal an account of such monies, including
monies transmitted, if any, to each foreign principal.

Date To Whom Purpose Amount

See Ttem # 15 - "Proforma Report of the Treasurer for the 12 Months Ending December 31, 1996"

a)

£)

Types of expenses included in Account #199 — Association Fee (Administrative Costs for shared
office expenses).

— postage, UPS Delivery/Messengers, Federal Express

- Printing of letterhead, stationary, envelopes, memo pads, etc.
- Copier paper, machine maintenance, toner

— All other office supply paper

- Typewriter/Computer supplies

- Bathroom/kitchen supplies

- Pens/pencils/highlighters, etc.

— Envelopes, folders, labels

— Telephone/fax charges

- Maintenance on Telephone system

Under Tea and Health Campaing — Account numbers 301-399, disbursements are made to:

Aronow & Pollock Communications, Inc.
524 Broadway, 3rd Floor
New York, NY 10013

Total
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(b) DISBURSEMENTS-THINGS OF VALUE
During this 6 month reporting period, have you disposed of anything of value'® other than money in furtherance of or in
connection with activities on behalf of any foreign principal named in Items 7, 8, and 9 of this statement?

YesO No &
If yes, furnish the following information:
On behalf of Description
Date Name of person what foreign of thing of
disposed to whom given principal value Purpose

{(c) DISBURSEMENTS-POLITICAL CONTRIBUTIONS
During this 6 month reporting period, have you from your own funds and on your own behalf either directly or through any
other person, made any contributions of money or other things of value'' in connection with an election to any political office,
or in connection with any primary election, convention, or caucus held to select candidates for political office?

Yes O No
If yes, furnish the following information:
Name of
Amount or thing political Name of
Date of value organization candidate

10,11 ’l‘hinyofvnlnnhdndebutmnotlimihdwg'h,hmvtﬁuIo-m,mmmwmmmm,mmmwm,mmh'mmm.
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V - INFORMATIONAL MATERIALS

16. During this 6 month reporting period, did you prepare, disseminate or cause to be disseminated any informational materials'2?
YesO No &

IF YES, RESPOND TO THE REMAINING ITEMS IN SECTION V.

17. Identify each such foreign principal.

Not applicable

18. During this 6 month reporting period, has any foreign principal established a budget or allocated a specified sum of money to
finance your activities in preparing or disseminating informational materials?
YesO No i}

If yes, identify each such foreign principal, specify amount, and indicate for what period of time.

19. During this 6 month reporting period, did your activities in preparing, disseminating or causing the dissemination of informational
materials include the use of any of the following:

O Radioor TV 0 Magazine or 0 Motion picture films O3 Letters or telegrams
broadcasts newspaper
articles
O Advertising campaigns O Press releases 0O Pamphlets or other I Lectures or speeches
publications
O Other (specify) None

20. During this 6 month reporting period, did you disseminate or cause to be disseminated informational materials among any of the
following groups:

O Public Officials 0O Newspapers O Libraries

O Legislators 0 Editors O Educational institutions
O Government agencies 0 Civic groups or associations O Nationality groups

O Other (specify) None

21. What language was used in the informational materials:
0 English O Other (specify) None

22. Did you file with the Registration Unit, U.S. Department of Justice a copy of each item of such informational materials
disseminated or caused to be disseminated during this 6 month reporting period? YesO No &1

23. Did you label each item of such informational materials with the statement required by Section 4(b) of the Act?
YesO No

12 mmmmmemm,m«whfmﬁmwmdmyM‘ Iuding that published by means of ad ing, books, periodicals, pap hmu,“‘ d
motion pictures, or any means or tality of or foreign or otherwise. Infc ional ials di i ‘bymlpmofufueimpmgipdupmﬁmwﬁvitthmmﬁnmnﬁma;a
mmﬁvnyvﬁehbyﬁu&wﬂdmtnqmwmmbaﬂodmmmmﬁml(b)ofmm
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VI--EXECUTION

In accordance with 28 U.S.C. § 1746, the undersigned swear(s) or affirm(s) under penalty of perjury that he/she has (they
have) read the information set forth in this registration statement and the attached exhibits and that he/she is (they are) familiar with the
contents thereof and that such contents are in their entirety true and accurate to the best of his/her (their) knowledge and belief, except
that the undersigned make(s) no representation as to truth or accuracy of the information contained in the attached Short Form
Registration Statement(s), if any, insofar as such information is not within his/her (their) personal knowledge.

(Date of signature) ture")

January 15, 1997

L/ Joseph b. Slmrany,\Brésldent /

lSThthmdbthmlfb gis is an individual, or by & majority of thows p officers, di or persons performing similar functions, if the regs isan ization, except
thet the orgsaizetion can, by power of Y, ize one or more individuals to execute this statement on its behalf.




UNITED STATES DEPARTMENT OF J USTICE
REGISTRATION UNIT
CRIMINAL DIVISION

WASHINGTON, D.C. 20530

NOTICE

Please answer the following questions and return this sheet
in triplicate with your supplemental statement:

1. Is your answer to Item 16 of Section V (Political
Propaganda - page 7 of Porm CR¥-154, formerly Form OBD-64 -
Supplemental Statecent): E

Yes or No X

(If your answver to question 1 is 'yes'' do not answer
question 2 of this form.)

2. Do you disseminate any material in connection with your
registration:
Yes X or No

(If your answer to guestion 2 is "'yes' please forward forgo
our review copies of all such material including: films, .-
film catalogs, posters, brochures, press releases, etc. O

which you have disseminated during the past six months.) -
%/ | /i -
\ Y I £ /77
éi// Signatuxe(/ / / Date

Please type 33 prln% name of o

signatory on the line above 2o
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ITEM # 11-A

MEMORANDUM

TO: Jean Singer DATE: January 6, 1997

FROM: Diana Boniface-Hatton

SUBJECT: Tea & Health Program Update for LS. Justice Department

This memo details the Tea & Health public relations activities conducted by ARONOW
& POLLOCK COMMUNICATIONS from June through December, 1996,

Scientific Information Exchange

The information exchange provides current scientific information to heal

th professionals
and professional health communicators. This program generates articles and discussions™
about the health benefits of tea. o
-
In recent months, these efforts include: —_
-~
¢ disseminating black tea information kits on an ongoing basis to health and nutrition
media representatives;
¢ mailing the updated Your Cyp of Tea white paper to an additional list of health
communicators along with recent tea studies
o
¢ revising information contained in the Totally Tea brochure, and oW
¢ Planning editorial tea tastings to discuss tea’s health benefits with key medis. SO
foo T2
=
< &

524 BROADWAY = THIRD FLOOR » NEW YORK, N'Y 10012 oTEL 2/2, 941, (414 « FAX 212.334,2131
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Broadcast Publicity

To promote the health benefits of tea during the month January -- Hot Tea Month -- the
Tea Council made preparations to distribute via satellite a video news release on the
health benefits of tea.

Crisis Communications

Due to a number of sensationalized reports in the news media questioning the safety of
iced tea served in restaurants, the Tea Council implemented a crisis communications plan,
in recent months, the plan has consisted of:

¢ presenting the “Tempest in a Teapot” case history to attendees at the International
Milk and Food Engineer Sanitarians (IAMFES) conference;

¢ sending accurate information to television stations planning to broadcast iced tea
contamination stories;

¢ monitoring coverage of tea contamination stories and sending follow-up
correspondence to stations as necessary.

Ougoing Publicity

Health editors, writers and broadcasters need materials to use as background information
for their articles, columns and broadcasts. The Tea Council responds to ongoing media
inquiries by providing resource materials on tea’s health benefits and when appropriate,
arranging interviews with members of the scientific advisory panel.

Scientiflc Advisory Panel
The Tea Council convened their scientific advisory pane] in December to discuss

progress on current tea research and to discuss the planning of a scientific symposium for
early 1998.

I

—

L

COMMUNICATIONS, NC




Tea Council VNR

Draft #4

Final version with quotes
12/30/96

Medical science now suggests that the benefits
of drinking tea may be far greater than just
relaxation or a quick pick-me-up.

Some laboratory and observational studies
suggest that tea may play a role in fighting
cancer and possibly heart disease.

One recent observational study in older women
found a correlation between drinking two cups
of tea per day and a reduced risk of digestive
tract cancer. Another study in men indicated that
heavy tea drinkers may have a decreased risk of
stroke.

Dr. Jeff Blumberg: “Tea is one of those
components of our diet that people are really
beginning to look at. There are many research
studies that are underway today that very soon
will tell us the kinds of health benefits that we
anticipate from tea.”

Dr. Carol Greenwood: “I would say that the
main thrust right now is looking in terms of
cancer and heart disease, and it’s just because
they’re the huge killers in North America and the
huge healthcare dollars that go into it.”

Excited by preliminary findings, researchers are
continuing to look at tea’s potential to reduce the
risk of certain chronic diseases, such as heart
disease and cancers.

Dr. Jeff Blumberg: “Tea contains a lot of
antioxidant nutrients that can reduce the risk of
heart disease by interfering with those
mechanisms that oxidize cholesterol and begin to
lead to atherosclerosis.”

It’s no wonder tea consumption is on the rise.
More and more Americans are turning to tea, as
both a warm-up and a refresher, in the never-
ending quest for the perfect way to relax.

Between 1990 and 1995, US tea consumption
doubled from 2 billion to 4 billion dollars. Each
year, we sip 50 billion servings, 40 billion of
them over ice.



The most frequently consumed beverage in the
world next to water is becoming the increasingly
popular alternative here in the U.S. -- both hot
and over ice, at work. at meals and on the go.

And we’re talking about good old, regular tea,
the kind of tea you find in vour supermarket.

Americans are waking up to the pleasure of this
5,000 year old beverage as a way to enjoy peace
and calm in the middle of a hectic schedule.

In fact, a growing number of fine hotels and
even hip restaurants are now featuring afternoon
tea services where shoppers and business types
can relax and feel the stress melt away.

More and more of us are also turning to tea to
warm and relax,

Because research shows we have nothing to lose
and possibly a good deal 10 gain from sipping
tea.
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POLLOCK

§ COMMUNICATIONS, INC

November 11, 1996

Dear Editor,

When formatting your upcoming stories for the cooler weather, [ hope you will consider
the health benefits of tea a hot topic. Enclosed are three recently published studies that
may be of interest to you for possible coverage, including:

“Tea Consumption and Cancer Incidence in a Prospective Cohort Study of
Postmenopausal Women,” published in the American Journal of Epidemiology, 1996,
vol 144, No. 2, 175-82. This study suggests that tea, one of the most popular beverages
consumed worldwide, may protect against some cancers in postmenopausal women.

“Prospective Study of Beverage Use and the Risk of Kidney Stones,” published in
the American Journal of Epidemiology, 1966, vol 143, 240-7. This study demonstrated
that tea may have a protective effect on stone formation that involves more than
additional fluid intake alone.

“In vivo antioxidant effect of green and black tea in man,” published in the European
Journal of Clinical Nurrition (January, 1996) 50, 28-32. This study’s findings
demonstrate that tea possesses a strong antioxidant activity in vitro. It provides
compelling evidence that tea also has a potent in vivo activity in man and suggests that
the absorption of the bioactive components of tea take place in the upper part of the
gastrointestinal system.

Please call if you have questions or need additional information about these materials.
I’d be happy to help. Thanks for your consideration.

Sincerely,
"’\Errifj‘( Sncdase Mane Bovitace—
Harriet Shelare Diana Boniface

524 BROADWAY « THIRD FLOOR * NEW YORK, N'Y 10012 = TEL 212.941. 1414 = FAX 212,334,213t



YOUR CUP OF de@

ating back almost 5,000 years, tea is one of
Dthe world’s oldest beverages. It is also one of

the world’s most widely consumed beverages
with the people of some countries drinking as many as
20 cups a day.

Over the course of history, a wide range of
health benefits has been attributed to tea. According to
legend, the Chinese emperor Shen Nung, known as the
“Divine Healer,” was the first to discover its comforts
when some tea leaves blew into a pot of boiling water.
The first written record of the effects of tea on health
dates to the second century A.D., in the textbook of
Chinese herbal medicine named for Shen Nung and
known as the “Shen Nung Ben Cao Jing.” The beverage
made its way to Japan about 593 A.D., and later to
other parts of the Far East and West, entering many
cultures and having a role in folk medicine around the
world.

With the advancement of modern biomedical
research, an increasing number of studies has suggested
that tea may have health benefits unforeseen by folk
medicine. Its benefits may extend to a reduction in
tooth decay, the lowering of high blood pressure, and a
protective effect against heart disease and some forms
of cancer.

Tea is a rich source of the plant substances
known as flavonoids, which are believed to be partially
responsible for the health benefits attributed to
oranges, broccoli, wines and a number of other food
plants in the human diet. The most significant
flavonoids in tea are known as catechins and flavonols.
An important characteristic of these compounds is
their ability to prevent oxidation caused by two kinds
of chemical agents — known as peroxides and free
radicals — from damaging membranes, genetic material,
and other components of living tissues. Although it is
not clear how they arise within the body, both perox-
ides and free radicals exert their damaging effects
because they are highly energetic and able to attack
and combine with a wide variety of other molecules.

What enables the catechins and flavonols to
counteract peroxides and free radicals is the chemical
structure of their molecules, which contain

constituents known as phenolic groups. These phenolic
groups, each of which consist of an atom of oxygen
linked to an atom of hydrogen, can “snare” peroxides
and free radicals by combining with them chemically,
thus neutralizing their destructive potential before they
can cause damage.

THE TYPES OF TEA

11 of the more than 3,000 different types of tea
Aconsumed throughout the world come from

the tea plant, Camellia sinensis. It is grown
today in more than 30 countries. There are three basic
types of manufacture, which result in black tea, green
tea and oolong tea. Today, black tea accounts for 77%
of the world’s tea manufacture, while green tea
constitutes approximately 21% and oolong tea about
2% of tea production.

The difference between green tea, black tea,
and oolong tea is in the way each is processed from the
fresh leaves of the tea plant. Tea leaves, besides
containing the catechins that appear to be responsible
for many of the potential beneficial effects of tea, also
contain an enzyme known as polyphenol oxidase.
After the leaves are harvested, this enzyme works
within them to transform catechins into substances
known as catechin quinones.

One of the outcomes of manufacturing green
tea is preserving the catechins originally present in tea
leaves. The result is that polyphenol oxidase is
stopped from transforming the catechins into quinones.
This is done by steaming or pan firing the harvested
leaves, which inactivates the oxidase enzyme. As a
result of this inactivation of polyphenol oxidase, green
tea has a composition closely similar to that of fresh
tea leaves, and is rich in simple catechins. The principal
catechin in green tea is known as epigallocatechin
gallate (EGCG). A single cup of green tea contains
from 40 to 90 milligrams of EGCG, which has shown
a capacity to inhibit oxidation that can damage cells.
This antioxidant effect of EGCG is believed to derive
from the large number of phenolic groups in its
molecule, which is shown in Figure 1.

THE TEA COUNCIL OF THE USA
230 PARK AVENUE - New York, New York 10169 « (212) 986-6998
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Figure 1 - Epigallocatechin gallate

In being able to prevent the damaging
oxidation of substances in living cells, the flavonoids
of tea work similarly to other antioxidants that occur
naturally in edible plants. Among these other
antioxidants are beta-carotene, a substance widely
present in vegetables and fruits, and vitamins C and E.
Vitamin E, known scientifically as alpha-tocopherol, is
abundant in wheat germ and vegetable oils, and plays
an important role in preventing oxidative damage to
© vitamin A, carotenoids, and unsaturated fatty acids in
the human diet. Vitamin E contains a phenolic group
like that of the catechins, as can be seen in Figure 2.

H
CHs CHs

H3C )

CHs

CHj

HO
CHs

Figure 2 - Vitamin E (alpha-tocopherol)

Contrasting with the production of green tea,
the manufacture of black tea allows polyphenol
oxidase to transform catechins into quinones. The
various catechin quinones produced by this enzymatic
reaction combine with one another to yield more
complex polyphenols that give the various kinds of
black tea their-unique taste and color. Among these
color- and flavor-producing substances are those

known as thearubigins, which black tea contains in
high concentrations, and a group of reddish-orange
substances known as theaflavins, which are present
only in small quantities but contribute significantly to
its red color.

Falling between green tea and black tea is
oolong tea, which is manufactured in such a way that
only some of the catechins are transformed into
quinones.

Like EGCG and the other catechins prevalent
in green tea, the theaflavins in black tea show
antioxidant and antimutagenic activity in model
laboratory studies. As in the case of EGCG, the
theaflavins’ antioxidant activity stems from their high
content of phenolic groups. This can be seen in Figure
3, which depicts the chemical structure of theaflavin.

OH
L~
OH

HO O .

Figure 3 - Theaflavin

HOW TEA MAY
PREVENT DISEASE

growing number of studies have examined the
Aeffects of tea and its component substances in

laboratory experiments and animal “models”
of cancer, heart disease, and other human illnesses.

TEA AND CANCER

A very recent study at Rutgers Universityl
(Wang et al.: Cancer Res. 54:3428-3435, 1994)
showed that both green and black teas exerted a
protective effect against skin tumors in mice. The
tumors were generated by treating the animals’ skin
with dimethylbenzanthracene, a cancer-causing agent,




and exposing them to ultraviolet-B light, which is also
present in the sunlight. Mice given solutions of black
or green tea, or decaffeinated preparations of both
kinds of tea, had from 65 to 93% fewer epithelial
cancers known as carcinomas, and from 60 to 90%
fewer skin tumors known as keratoacanthomas, which
are pre-cancerous lesions.

In an earlier study at Rutgers University2 (Ho
et al.: Prev. Med. 21:520-525, 1992), EGCG and other
catechins extracted from green tea, as well as gallic
acid, a substance more abundant in black tea, strongly
limited the oxidation of lard. In vitro tests showed that
EGCG had an inhibitory effect on hpoxygenase an
enzyme that can transform fat-related substances into
peroxides and other oxidative products.

More recent studies have confirmed the
antioxidative activity of catechins and theaflavins. In
a Japanese study reported in 19943 (Shiraki et al.:
Mutation Res. 323:29-34, 1994), theaflavins sharply
curtailed peroxide-induced damage to fatty substances
in the membranes of rabbit red blood cells, and limited
the damaging effect of hydrogen peroxide on deoxyri-
- bonucleic acid (DNA), the,molecule that contains the
essential genetlc information in living cells. In another
Japanese study (Yoshino et al.: Biol. Pharm. Bull.
17(1):146-149, 1994), theaflavins and a “thearubigin”
fraction derived from black tea, as well as EGCG and
several other catechins, were more effective than either
vitamin C or vitamin E, in limiting the oxidative attack
of tertiary butyl hydroperoxide on lipids in rat livers.

Black and green teas also appear to influence
the family of liver enzymes called the cytochrome
P450 system, which are responsible for metabolism of
foreign chemicals. Some of these enzymes act to
transform procarcinogens like benzopyrene into active
carcmogens that attack and oxidize the DNA of living
cells? (Sohn, O.S.: Xenobiotica 24(2): 119- 127, 1994).

Other studies have found that tea can inhibit
the formation of nitrosamines, a group of highly active
molecules that can be formed within the body and
cause mutations by attacking the DNA of living cells.
Nitrosamines have been implicated as one factor
involved with development of gastric, esophageal, and
other cancers. A 1992 clinical study6 (Stich: Prev.
Med. 21:377-384, 1992; 7Yang and Wang: J. Natil.
Cancer Inst. 85(13):1038-1049, 1993 [p. 1044)) found

that catechins and other flavonoids present in green
and black tea can inhibit the formation of a
nitrosamine called nitrosoproline, in human
volunteers. Black, green, and oolong teas have also
been found to reduce the numbers of nitrosamine-
induced tumors of stomach and intestine in rats8
(Chen: Prev. Med. 21:385-391, 1992 [p.389)).

Although no direct studies of the effects of tea
on humans have been done, its association with
various disease states has been examined in a number
of indirect or epidemiology studies. In one such study,
conducted in Japan, the frequency of stomach cancer
proved to be far lower among persons who drank 10 or
more cups of green tea daily than among those who
consumed less than this. In a more recent Polish
study9 (Shibata, A.: International Journal of Cancer
58: 46-49, 1994), the frequency of pancreatic cancer
declined in relation to an increasing lifetime
consumption of black tea. And in a Chinese study10
(Gao, Y.T., et al.: Journal of the National Cancer Inst.
86(11):855, 1994), the consumption of green tea
appeared to cut the risk of esophageal cancer by as
much as 60%, in women who did not smoke or drink
alcohol.

TEA AND HEART DISEASE

Human epidemiology and animal studies both
suggest that tea drinking may reduce the risk of
cardiovascular disease. Most studies have focused on
the relationship between tea and the concentrations of
blood cholesterol and other fatty substances that are
risk factors of heart disease. In a Japanese study, rats
were fed a diet that creates high levels of cholesterol in
the blood. Dietary supplementation with EGCG1!
(Matsuda, H., et al.: Journal of Ethnopharmacology
17: 213 224 1986), and a green tea flavonoid
fraction12 (Muramatsu, K., et al.: J. of Nutr. Sci.
Vitaminol. 32: 613-622, 1986 ) reduced the animals’
blood cholesterol as well as the concentrations of
low-density lipoprotein (LDL). In a study involving
rats that spontaneously exhibit high blood pressure, or
hypertension, a diet containing green-tea catechins
prevented the blood-pressure increase.

Epidemiology studies corroborate a protective
effect of tea against cardiovascular disease. One such




study, conducted from 1986 to 1988 and involving
1,306 Japanese men!3 (Kono, S., et al.: Preventive
Medicine. 21: 526-531, 1992), found that a greater
consumption of green tea was linked to a lower total
concentration of cholesterol in the blood. On the other
hand, consumption of tea did not appear to reduce the
blood concentration of the fatty substances known as
triglycerides, which are positively associated with
heart disease.

A Dutch study of 805 men aged 65 to 84
years14 (Hertog et al.: Lancet 342:1007-1011, 1993)
began in 1985 and was completed in 1990. The
investigation focused on the subjects’ dietary intake of
flavonoids, a group of substances present in tea as well
as vegetables, fruits, and wine. The study found that
an increasing intake of foods containing flavonoids—
61% of which came from black tea, 13% from onions,
and 10% from apples—was strongly linked to a lower
rate of death from coronary disease.

LOOKING AHEAD

he past quarter century has witnessed a growing

recognition that a diet rich in vegetables, fruits,

and other edible plants may play an important
role in preventing some types of cancer, coronary
disease, and other human illnesses. Ongoing scientific
research on the role of tea as a part of a healthy diet,
like fruits and vegetables, in prevention of chronic
diseases is exciting. While knowledge expands about
the role of tea and tea flavonoids in prevention of
cardiovascular disease, cancer, and other human
illnesses, a cup of tea will continue to provide the
pleasure and comfort that it has for nearly 5,000 years.

10.

1.

12.

14.
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Tea Consumption and Cancer Incidence in a Prospectﬁive Cohort Study of
Postmenopausal Women-

Wi Zheng,* Timothy J. Doyls,? Lawrence H. Kushi,' Thomas A. Sellers,’ Ching-Ping Hong," and
Aaron R. Folsom?

Tea has consistently been shown to inhibit the occurrence of tumors in experimental animals. The evidence

for such a beneficlal effect in humans, howaver, is limited. The authors examined the association between

non-herbal tea consumption and cancer incidence in a prospective cohort study of 35,369 postmenopausal
lowa women, In this cohort, information on the frequency of tea drinking and other dietary and lifestyle factors
was collected by mailed survey in 1986. After 8 years of follow-up, 2,936 incident nen-skin cancer cases were
ascertained in this cohort through the State Health Registry of lowa. Proportional hazards regressions were
used to derive adjusted relative risks and 95% confidenca intervals for the association between tea consump-
tion and cancer incidence. After controlling for confounding factors, the authors found that regular tea
consumption was related to a slight, but not statistically significant, reduced incidence of all cancers
combined. Inverse associations with increasing frequency of tea drinking were seen for cancers of the
digastive tract (p for trend, 0.04) and the urinaty tract (p for trend, 0.02). For women who reported drinking =2
cups (474 ml) of tea per day, compared with those who never or occasionally drank tea, the relative risk for
digestive tract cancers was 0.68 (35% confidence interval (Cl) 0.47-0.98) and for urinary tract cancers, 0.40
(95% C1 0.16-0.98). Similar inverse associations were seen for specific digestive and urinary tract cancers,
although site-specific analyses were not statistically significant. No appreciable association of tea drinking was
found with melanoma, non-Hodgkin's lymphoma, or cancers of the pancreas, lung, breast, uterine corpus, or
ovary. This study suggests that tea, one of the most popular beverages consumed worldwide, rmay protect
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against some cancers in postmenopausal women. Am J Epidemiol 1896;144:175-82.

bladder neoplasms; colonic neoplasms; diet; health promotion; neoplasms; prospective studies; tea

The potential tumor-inhibitory effect of tea has been
demonstrated in numerous in vivo and in vitro studies
(1. 2). Administration of tea infusion or tea polyphe-
nols to experimental animals has been shown to reduce
the occurrence of tumors, including those.of the di-
gestive tract, and to regress the growth of experimental
tumors (2). Epidemiologic studies on the relation be-
tween tea consumption and cancer risk have been
inconsistent (1-8). Some early studies reported an
elevated risk of esophageal cancer associated with
consumption of high-temperature tea (1, 2). This as-
sociation, however, may be caused by thermal injury
of hot tea on the esophageal mucosa. Both positive and
inverse associations with tea have also been reported
for other cancers, including those of the oropharynx,
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Abbreviation; Cl, confidenca interval,
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stomach, pancreas, colon, rectum, breast, kidney, and
bladder (1~-8). Such inconsistent associations may be
explained partially by differences in tea-drinking hab-
its and the types of tea consumed in various study
populations or by failure to control for potential con-
founding factors. ‘

Interest in the potential cancer-inhibiting effect of
tea has been heightened recently by a large case-
control study in China, in which a dose-response re-
lation betwgen green tea consumption and reduced risk
of esophageal cancer was observed in both men and
women (3). Most tea consumed in Western societies,
however, is black tea; while it is made from the same
plant, many of its constituents differ from those in,
green tea (1, 2). In addition, most previous epidemio-
logic investigations on tea and cancer were case-
control studies (1-7); they were unable to assess the
effect of tea on total cancer incidence. In this report,
we examined the relation of tea consumption with the
incidence of major cancers in the Iowa Women’s
Health Study, a prospective cohort study of postmeno-
pausal women.
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MATERIALS AND METHODS

Details on the methods used in this cohort study
have been published elsewhere (9, 10). Briefly, in
Janvary 1986, a questionnaire was sent to 98,826
randomly selected women aged 55-69 years whose
names appeared on the 1985 Iowa State driver’s li-
cense list. A total of 41,837 women (42.3 percent)
completed and returned the questionnaire and were
followed for cancer incidence and total mortality.
With the exception of lung cancer, the incidence rates
of other major cancers among cohort members were
similar to the rates observed among women who did
not respond to the 1986 baseline malled questionnaire
(1)

The vital status for cohort members was determined
through computer linkage of participant identifiers
with Jowa death certificates and the National Death
Index and through mailed follow-up questionnaires in
1987, 1989, and 1992. Information on cancer diagno-
sis was ascertained through the State Health Registry
of Towa, part of the National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results (SEER)
program. Based on our follow-up surveys, it is esti-
mated that the outmigration rate among cohort mem-
bers is less than 1 percent annually. Through Decem-
ber 31, 1993, after 8 years of follow-up, 3,567 women
had developed at least one new primary cancer.

The self-administered questionnaire used in the
1986 baseline survey included information on demo-
graphic characteristics, menstrual and reproductive
history, weight, personal habits, usual diet, medication
use, and medical conditions. A paper tape measure and
written instructions were enclosed for having a friend
measure the circumferences of the waist and hip. The
waist/hip circumference ratio was calculated (10). Diet
was assessed using a semiquantitative food frequency
questionnaire almost identical to that used in the 1984
Nurses’ Health Study (9). Usual intakes of 127 food
items were ascertained. Tea consumption was assessed
in the food questionnaire by asking study participants
to record their usual consumption level of non-herbal
tea in one of the following nine categories: never or
less than once per month, 1-3 cups per month, 1 cup
per week, 2—4 cups per week. 5-6 cups per week, 1
cup per day, 2-3 cups per day, 4-5 cups per day, and
=6 cups per day (1 cup = 237 ml). These categories
were then combined into four consumption levels for
data analysis (never or monthly (0-3 cups per month),
weekly (1-6 cups per week), 1 cup per day, and 2 or
more cups per day) to ensure stable estimates of cancer
risk in relation to tea consumption. Those who re-
ported never or occasionally (monthly) drinking tea
were combined into one category, since very low

‘intake of (ea'"('$3 cups per month) is unlikely to confer

any beneficial effect (2).

For the present analyses, we excluded women who
reported a history of cancer other than skin cancer at
baseline (n = 3,896), those who had missing informa-
tion on tea consumption level (n = 2,264), and those
who were not postmenopausal (n = 569). A total of
261 women met two or more of the exclusion criteria.
After the above exclusions, a towal of 35,369 cohort
members remained for analysis, including 2,936
women who were diagnosed with cancers during the
8-year follow-up period. Additional exclusions were
made for analysis of breast cancer (excluding 1,884
women with prior mastectomy), ovarian cancer (8,064
women with prior bilateral oophorectomy), and can-
cers of the cervix and utering corpus (14,350 women
with prior hysterectomy).

Relative risks were used to measure the strength of
associations between tea consumption and cancer in-
cidence. Proportional hazards regression (Cox model)
was used to control for potential confounders and to
derive adjusted relative risks and 95 percent confi-
dence intervals (12). Person-years were accuniulated
up to the date of cancer diagnosis for cancer cases and
to the date of loss to follow-up, death, or December
31, 1993, for noncases. All relative risks were adjusted
for the following common risk or protective factors
shared by most major cancers: age, education, Smok-
ing status, pack-years of cigarette smoking, physical
activity, all fruit and vegetable intake, waist/hip cir-
cumference ratio, and family history of cancer among
female relatives (9, 13-18). Relative risks were also
adjusted for total energy intake to evaluate the poten-
tial independent association of tea consumption and to
reduce potential variation in tea intake that may arise
from over- or underreporting of the overall food con-
sumption level (19). Additional adjustment for alcohol
consumption did not alter the results appreciably. With
the exception of age and pack-years of smoking, the
strata for adjusting variables included in multiple Cox
regression models are specified in table 1. Age and
pack-years of smoking were adjusted as continuous
variables, given their Jinear relations with the risks of
most major cancers. Additional adjustments were
made in the analyses of pancreatic cancer (prior his-
tory of diabetes), lymphoma and kidney cancers (prior,
history of blood transfusion), and cancers of the breast,
ovary, and uterine corpus (age at menarche, age at
menopause, and age at first pregnancy). These addi-
tional adjusting variables were found to be risk factors
for the corresponding cancer sites in this study popu-
lation (13, 16, 17). A trend test for a dose-response
relation across levels of tea consumption was per-
formed by treating an ordinal-score varable (i.e., 1, 2,

Am J Epidemiol  Vaol. 144, No. 2, 1896
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TABLE 1. Relation of 1aa consumption with selected demographic and risk factors among

postmonopausal women, the lowa Women's Health Study, 1986~1983

Tas consumption {requency (%)*

No. ol Dally
cohert Naver/
members®  monthly woekly 1 cupt :2 cups
Cohort members 35,369 58.3 24,3 8.7 8.6
Baseline age (yoars)
55-59 12,648 59.4 235 8.2 e.g
60-64 12,630 56.9 24.2 8.5 8.5
65-69 9,977 56.1 26.0 8.6 8.3
Education
<High school 6,593 60.8 2.1 8.6 8.5
High school 14,789 59.6 23.8 8.3 8.3
>High school 13,907 55.6 26.2 2.3 8.0
Cigarette smoking
Never smoked 22,932 56.1 28.8 9.6 84
Exsmoker 6,750 59,6 23.4 B.0 9.0
Current smoker
1-19 pack-years 958 €6.2 20.7 57 7.4
20-39 pack-years 2,123 65.0 19.6 6.7 - 88
240 pack-years 1,992 67.5 18.4 51 9.0
Physical activity
Low 16,480 60.1 22,5 8.7 8.7
Moderate 9,578 56,1 26.4 9.2 8.4
Vigorous 8,706 57.5 25.7 8.3 a5
Fruitvegetable inlake (servings/month)
Quartila 1 (<103.4) 8,842 66.0 20.0 7.0 7.4
Quartile 2 (103.4—146.1) 8,842 60.0 23.4 8.4 8.3
Quartile 3 (146.2-196.9) 8,843 55.3 24.8 9.3 8.6
Quartile 4 (>198.8) 8,841 51.8 28.0 10.2 10.1
Waisthip ratio
Quartile 1 (<0.78) 8,814 58.4 24.3 8.9 8.3
Quartile 2 (0.78-0.83) 8,607 58.3 25.1 8.1 85
Quartile 3 (0.84~0.889) 8,769 57.9 24.2 9.1 8.8
Quarlile 4 (>0.89) 8,824 58.4 24.1 8.8 8.8
Family history of cancar in female relatives .
No 22,030 58,2 247 8.8 8.5
Yas 13,340 £8.7 24.0 8.6 8.7

* Parcentages ware caleulated after excluding women with missing data and may not add up to 100% in sach

row because of rounding.
1 Metric equivalent: 1 cup = 237 ml.

3, and 4) as a continuous variable in proportional
hazards regression after adjustment for potential con-
founders.

RESULTS

The distribution of tea consumption level by com-
mon risk factors for major cancers is presented in table
1. Overall, about 41.7 percent of women reported
drinking non-herbal tea at least once s week, and 17.3
percent drank tea daily. Only 8.6 percent of women

Am J Epidemiol Vol. 144, No. 2, 1996

reported drinking 2 or more cups of tea a day. These
frequencies did not vary appreciably with age, physi-
cal activity level, body fat distribution (measured by
waisvhip circumnference ratio), or a family history of
cancer in female relatives. Current smokKers tended to
drink tea less frequently than nonsmokers or exsmok-
ers, but further reduction in consumption frequency
was not evident with increasing pack-years of smok-
ing. There were clear positive correlations of tea
drinking with education level and total fruit and veg-
etable intake. Coffee consumption was found not to be
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correlated with tea drinking; the percentages of daily’

tea drinkers were 18.5 percent, 14.2 percent, and 16.8
percent from the lowest to the highest coffee consump-
tion groups (data not shown in table).

Table 2 presents adjusted relative risks for major
cancers in relation to the tea consumption level at
baseline. There.was a statistically significant inverse
association between tea consumption and cancers of
the digestive tract, including cancers of the upper
digestive tract, colon, and rectum (p = 0.04). Women
who reported drinking 2 or more cups of tea per day
had an incidence rate of these cancers 68 percent of
that in those who never or occasionally drank tea. The
risk was further reduced among women who drank 4
or more cups of tea per day (relative risk = 0.37, 95
percent confidence interval (CI) 0.14-0,98). This de-
creased risk among frequent tea drinkers was seen for
all specific cancer sites of the digestive tract, with a
more pronounced effect for cancers ‘of the upper di-
gestive tract (month, pharynx, esophagus, and stom-

TABLE 2.

ach). None of the statistical tests for a linear trend in
these site-specific analyses, however, was significant.
Another notable inversc association with tea consump-
tion was seen for urinary tract cancer, with the inci-
dence 40 percent as high in women who drank 2 or
more cups of tea per day. Again, the inverse associa-
tion was seen for each specific cancer site, although
the trend tests for site-specific analyses were not sta-
tistically significant. An apparent inverse association
was also observed for leukemia with tea intake, but the
dose-response relation was not statistically significant,
perhaps because <. .. ...
preciable association of tea dnnkmg was found for
other major cancers, including melanoma, non-
Hodgkin's lymphoma, and cancers of the lung, breast,
uterine corpus, and ovary. Overall, drinking 2 or more
cups of tea a day was related to a 10 percent reduction
in incidence of total cancer, but neither the point
estimate of the relative risk nor the trend test for linear
association was statistically significant.

.

B I o

Relativa rlaks (RRe)* and 85% confidenca intarvala (Cls) for the assoclationw of tea with major conosrns among

postmenopausal women, the lowa Women's Health Study, 1986~1993
L

Tea consurnpllon frequency al bassline

Never/ p value
Waek 1 cup/gayt 22 cups/da!
Carxer siles monthly y uplaay i ’O;d
No. No, No. No. tra
of AR of RR 95% CI of AR §5% Cl ol AR 95% CI test
cases cases C¢ASES cases
Digestive iract 327 1.00 138 1.01 0.63-1.24 45 0.96 0.71-1.3 32 0.68 0,47=0.99 0.04
- Upper digestive organs 47 1.00 18 0.87 0.49-1.54 5 0,75 0.30-1.90 3 0.44 0.14-1.40 0.16
Colon - 206 1.00 80 1.07 0.83-1.37 je<] 1.09 0.75-1.58 21 071 045-1.11 0.6
Rectum and anus 78 1.00 29 0,89 0.58-1,38 9 0.77 0,39~1.55 8 0.70 0.34-1.46 0.31
Pancreas o 1.00 17 1.23 0.68-2.21 8 1.62 0.74-3.51 4 0.80 0.28-2.24 0.60
Lung, trachea, and bronchus . 200 1.00 58 0.81 0.68-1.23 25 1.18 0.768-1.81 ’ 28 1,05 0.71-1.55 0.54
Msianoma a1 1.00 22 1.20 0.71-2,01 [ 0.90 0,38-2.13 7 1.11 0.50-2.47 0.98
Breast &, S67 100 259 108 092-123 B2 106 0.85-1.32 §7 114  0.52-141 0.28
Corpus uteri§ i 141 1.00 63 1.02 0.75-1,37 20 1.29 0.87-1.94 16 0.76 0.45-1.27 047
Ovary§. 7 100 % 053 0.31-081 10 095 048-1.54 10 098 050-1.90 064
Cervixil el 1.00 11 0.57 0.44~1,74 7 1.60 0,70-3.66 2 0.44 0.10~1.82 0.40
Urinary tracty 85 1.00 36 1.08 0.72-1.57 8 0.65 0.31-1.,35 S 0.40 0.16-0.98 0.02
Raenal celly 42 1.00 13 0.73 0.39~1.37 -3 045 0.14-147 3 0.47 0.15-1.83 035
Bladder and othar urnary

ofgans 43 1.00 23 142 0.85-2.38 -1 0.67 0.34-2.22 2 0,33 0.08-1.35 0.08

Non-Hodgkin's lyrmphoma k4l 1,00 29 0.85 0.61-1.46 14 1.23 0.68-2.18 10 0.92 0.47-1.78 0.92 .
Leukemia 41 100 17 100 057-1.77 5 080 0.32-204 2 033 008-1.35 0.1

Any cancars combined i 1,132 1.00 449 0.07

0.87-1.03 160 0.68

0.63-1.16 148 0.90 0.76-1.07 027

* Baglc multiple regression mode! in which all relativa risks were agjusted for age, educstlon, smoking status, pack-years of smoking, physical activity, afl trult

and vegatabla Intaka, walst/mip ratlo, and lamily history of cancer.
1 Metric equivalent: 1 cup = 237 ml,

$ Adjusied for dlabetes and other confounding variables listed In the basic model.

§ Adjusted for age at menarche, aga a1 ManopaUSe, age al lirst pregnancy, and other confounding variables fisted in the basic modal,

Il Exciuging women with basefine masteciomy for breast cancer analysas, hysteractomy for endomelrial and cervical cancer analyees, oophoracomy for
ovarian cancer analyges, or any of the above conditions for mnalyses of any cancers combined.

1 Adjusiad for a history of blood tranafusion and other conlounding variables Usted n the baskc modsl.
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Additional analyses were performed by the year of
cancer diagnosis following the baseline survey (0-4
years vs, 5-8 years) to examiné the consistency of the
observed associations between tea drinking and diges-
tive and urinary tract cancers over the §-year follow-
up period. Inverse associations with tea drinking were
seen for both cancer sites in both the earlier and the
later years of follow-up, although the trend tests were
no longer statistically significant because of a smaller
number of cases (data not.shown in table). For exam-
ple, compared with never or occasionally drinking tea,
drinking 2 or more cups of tea a day was associated

- with relative risks of 0.75 (95 percent CI 0.48-1.20)
for digestive tract cancers and 0.31 (95 percent CI
0.08-1.29) for urinary tract cancer in years 0—4 of
follow-up and with relative risks of 0.71 (95 percent
CI 0.39-1.29) for digestive tract cancer and 0.57 (95
percent CI 0.17-1.84) for urinary tract cancer in years
5-8 of follow-up. - '

Table 3 presents the relation of intake levels of
regular coffee with cancers of the digestive and uri-
nary tracts and with all sites combined. No apparent
association was observed for coffee drinking with
these cancer groups, suggesting that our observed tea-
cancer associations may be due to compounds other
than caffeine in tea.

DISCUSSION .

Although tea has been shown to inhibit cancer oc-
currence in most animal experiments, the association
- of tea with human cancers has been less consistent.
Previous epidemiologic studies reporied negative,
null, or even positive associations of tea consumption
with a variety of cancers, including cancers of the
oropharynx, esophagus, stomach, colorectum, pan-
creas, breast, bladder, and kidney (1-8). Our prospec-
tive cohort study among postmenopausal women
found that regular tea drinking may protect against

some, but not all, cancers. Women who reported

drinking 2 or more cups of tea per day had 40-70
percent of the incidence rates of cancers of the diges-
tive and urinary tracts compared with women who
never or infrequently drank tea. In contrast, coffee
drinking was not found to be related to the risk of these
cancers.

Our finding of an inverse association of tea con-
sumption with digestive tract cancers, particularly
those of the upper digestive tract, is consistent with
previous epidemiologic studies (1-4, 20~27), includ-
ing a recently published large case-control study of
esophageal cancer in China (3). In that study, a 50
percent reduction in the risk of esophageal cancer
among women who drank green tea regularly was
reported. Stomach cancer is the cancer site most con-
sistently related 10 tea intake in epidemiologic studies
(1, 2, 4, 20-23). The inverse association of tea con-
surnption with this malignancy has been demonstrated
in studies conducted in China (20), Japan (21, 22),
Sweden (4), and Turkey (23).-Studies on the associa-
tions of tea with cancers of the oropharynx and colo-
rectum have been less consistent {1, 2, 24-27). An
early cohort study in the United Kingdom reported
reduced risks of both colon and rectal cancers with
heavy tea consumption, but a dose-response relation
was not evident (24). An inverse association was also
suggested for adenomatous polyps of the sigmoid co-
lon in a Japanese case-control study (23). In contrast,
a cohort study among Japanese men in Hawaii found
that the daily intake of black tea was associated with a
statistically significant increased risk of rectal cancer.
The relative risks in that study, however, were ad-
justed only for age and alcohol intake (28). A substan-
tially reduced risk of cancer of the nasopharynx but
not other pharyngeal cancers was linked 10 tea drink-
ing in an early case-control study (27). Recenty,
Franceschi et al. (26) in an Italian study found that tea

TABLE 3. Relativa risks (RRs)* and 85% confidence intervals (Cls) for the associations of caffsinated coffee drinking with
cancers of the digestive tract, urinary tract, and all sites combined, the lowa Women's Health Study, 1986-1593

Cancer slies
Cofteo
consumption Digesiive racl Urinary tract All 3ites combined
level No. AR~ 95% CI No. AR g%l Not AR 95% Cl
T “Neveumonthly 186 1.00- ‘ 52 1.00 629 1.00
Weekly 66 0.95 0.72-1.23 13 0.69 0.38-1.27 225 0.2 0.80-1.08
1 cup/day§ 54 1.01 0.74=1.57 ) 0.60 0.30~1.22 195 1.04 0.£6-1.22
28 cups/day 130 0.97 .0.78-1.22 38 1.03 0.67-1.56 453 0.93 0.82~1.05
24 cups/day 110 . 1.03 0.81-1.32 36 0.79 0.48-1.29 397 0.57 0.85-1.11

= Basic multiple regression model in which all relative risks wore adjusted for age, education, smoking status, pack-years of smoking,
physical activity, all fruit and vagetable intake, total energy intake, waisthip ratio, and family history of cancer.

+ Additionally adjusted for prior history of blood transfusion.

$ Excluding women with baseline mastectomy, hysterectomy, and oophorectomy:.

§ Metric equivalent: 1 cup = 237 mi.
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drinking may protect against oral cancers. In another
Italian case-control study, tea was found 1o be in-
versely related to the risk of oral and pharyngeal
cancer but not to cancers of the other digestive tract
organs (29). No inverse association of tea was found
for digestive tract cancers in several previous investi-

gations (1, 2), including a few recently completed

studies (5, 6, 30). Some early studies even reported an
increased risk of digestive tract cancers (particularly
esophageal cancer) associated with tea consumption
(1, 2). The positive association with esophageal can-
cer, however, may be largely attributed to thermal

“injury of hot tea to the mucosa of the upper digestive
tract rather than the chemicals in tea per se, since only
hot tea, not nornmal-temperature tea, has been found to
be associated with an elevated risk of esophageal
cancer (1-3).

There have been many studies that jnvestigated the
relation between tea consumption and urinary tract
cancer over the past two decades (1, 2). With a few
exceptions, most of these studies reported no associa-
tion between tea drinking and cancer risk. In a cohort
study among British men, Kinlen et al. (24) found a
statistically significant positive association of tea with
kidney cancer but not with cancer of the bladder.
Positive associations for bladder cancer (31) and renal
cell carcinoma (32) were also reported in two early
case-control studies, but trends in risk were inconsis-
tent. In contrast, Yu et al. (33) reported a significantly
reduced risk of renal cell carcinoma among women
who drank tea daily. Inverse associations with bladder
cancer were also reported from several recent studies,
although none of the dose-response relations was sta-
tistically significant (34-37). In agreement with these
more recent studies, our results showed that regular tea
consumption was related to a significantly reduced
risk of urinary tract cancers in a dose-response man-
ner.

Tea intake has also been inversely linked with some
other cancers. Of note is cancer of the pancreas, for
which both positive and negative associations were
reported in some earlier studies (1, 2). Two recent
investigations, however, found that tea drinking may
protect against this fatal malignancy (7, 8). In addition,
inverse associations of tea drinking with cancers of the
breast and ovary have also been reported (1, 2, 38), but
results from previous studies have been very inconsis-
tent. We did not find appreciable associations of tea
with these common cancers among postmenopausal
women in this cohort study.

The inverse association of tea drinking and digestive
tract cancers in the present study may be explained in
part by an anticancer effect on the digestive tract via
direct contact. This association is also supported by

" the inhibitory effects of tea on the endogenous forma-

tion of N-nitroso compounds (2), potential carcinogens
particularly for upper digestive tract cancers, and the

. formation of heterocyclic aromatic amines (39), po-

tential carcinogens for cancer of the large bowel. Re-
garding urinary tract cancers, some anticancer tea con-
stituents may exist in urine and act directly on the
renal and transitional cells during the secretion and
storage process of urine. It has been shown recently
that (—)-epigallocatechin and (—)-epicatechin, two
major tea polyphenols, can be detected in urine among

volunteers who ingest tea preparations (40).

Differences in the types of tea consumed and tea
drinking habits in various study populations are likely
to have contributed to inconsistencies in the relation
between tea and cancer across previous studies. In
some populations, tea drinking is positively correlated

. with cigarette smoking and alcohol.dnnking (3, 21,

22). Residual confounding effects of these factors
could favor a positive association between tea and
cancer. In addition, it has been shown from experi-
mental studies that tea may counteract the adverse
effect of some, but not all, carcinogens and that the
tumor-inhibitory effect of tca may depend on its intake
level (1, 2). For example, at high concentrations, tea
can effectively block endogenous formation of N-
nitroso compounds, while at low levels it may facili-
tate nitrosation reactions (2). Therefore, differences in
exposure levels of both tea and various cancer etio-
logic factors in various study populations may result in
apparently contradictory findings in epidemiologic
studies.

Some limitations of this study need to be considered
when interpreting the study results. Although tea
drinking, like many other personal habits, is likely to
be recalled with reasonable accuracy, misclassification
of exposure to tea may still exist. The impact of
misclassification errors is likely to be compounded
with longer follow-up, since no additional assessment
of tea consumption was made during the follow-up
period, and some cohort members may have changed
their tea-drinking habits during this ime period. These
random errors likely attenuate the true association
between tea consumption and cancer incidence. On the
other hand, some statistically significant findings
could be due to chance alone, given the multiplé
comparisons made in this paper. Although there are
some rationales for analyzing the relations of tea con-
sumption with the combined cancer groups of all di-
gestive tract organs or all urinary tract organs, the
etiologic factors for some specific cancer sites in ¢ach
cancer grobp are somewhat different. These two can-
cer groups were formed, however, on the basis of not
only the consistency of the inverse association for each
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cancer site but also the possible anticancer effect of tea *

via direct contact. Another limitation of this study is
the smal] number of women (only 8.6 percent of the
1otal cohort) who reported drinking tea regularly (2 or
more cups per day); this not only resulted in an un-
stable estimate of the relative risks of cancer for this
heavy tea-drinking group but also precluded detailed
analyses of the tea-cancer associations for certain can-
cer sites, In addition, regular tea drinkers may be at a
low risk of developing cancer because of reasons other
than tea drinking. The inverse tea-cancer association,
however, persisted after careful adjustment for all
measured confounders. Furthermore, the specifi¢ in-
verse associations with digestive and urinary tract
cancers, the biologic plausibility of these associations,
and the observed dose-response relations for urinary
tract cancers also indicate that the observed associa-
tions are unlikely due to chance alone.

In summary, this prospective cohbrt study among
postmenopausal women suggests that regular tea con-
sumption may protect against cancers of digestive and
urinary tract organs. These associations are supported
by the potential tumor-inhibitory effects.of tea and
tea polyphenols seen in most animal studies and by
similar findings in some previous epidemiologic stud-
ies. Further studies are warranted to assess whether
our observed associations are etiologically meaning-
ful.

.
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Prospective Study of Beverage Use and the Risk of Kidney Stones

Gary C. Curhan,2** Walter C. Willett
Meir J. Stampfer'-24

.34 Eric B. Rimm,"? Donna Spiegelman,'** and

Patients with kidney stones are routinely advised to increase their fluid intake to decrease the risk of stone
recurrence. However, there has been no detailed examination to determine whether the effect on recurrence

varies by the type of beverage consumed. The authors

conducted a prospective study of the relation between

the intake of 21 different beverages and the risk of symptomatic kidney stones in a cohort of 45,289 men,

40-75 years of age,

who had no history of kidney stones. Beverage use and other dietary information was

measured by means of a semiquantitative food frequency questionnaire in 1986. During 6 years of follow-up

(242,100 person-years), 753 incident cases of kidney stones were documented. After adj

for age,

dietary intake of calcium, a2nima! srotein 2nd petzssium, thiazide use, gsographic
and total fluid intake, consumption of specific bevera

usting simuitaneously
T€gion, pruiession,

ges significantly added to the prediction of kidney stone

risk (p < 0.001). After mutually adjusting for the intake of other beverages, the risk of stone formation
{8-0z) serving consumed daily: caffeinated coffee, 10%

decreased by the following amount for each 240-mi

(95% confidence interval 4-15%); decaffeinated co

30%); and wine, 39% (10-58%). For each 240-
increased by 35% (4-75%

tiee,
ml serving consumed daily, the risk of stone formation
) for apple juice and 37% (1-85%) for grapefruit juice. The authors conclude that

10% (3-16%); tea, 14% (5-22%); beer, 21% (12-

beverage type may have an effect on stone formation that involves more than additional fluid intake alone. Am

J Epidemiol 1996;143:240-7.

beverages; epidemiologic factors: kidney calculi; prospective studies

Kidney stones are a common, painful, and costly
medical condition. Approximately 12 percent of the
US population will form a stone at some time (1. 2).
Recurrences are common with 30-50 percent of men
forming another stone within 5 years of the incident
stone (2-4)." To decrease the likelihood of stone re-
currence, patients are routinely advised 1o increase
their urine volume by increasing their fluid intake.
Increasing fluid intake is not a proven remedy; how-
ever. most authors (5-8) support this recommenda-
tion, even though some (9) do not.

Although the effects of particular beverages on
changes in urine composition have been studied. little
information is available on changes in stone formation
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rates. Using a reurospective casc-control désign to ex-
aminc the relation between the intake of six beverages
and a history of kidney stones. Shuster et al. (10)
obscrved an inverse association for beer and coffee
consumption and a direct association for carbonated
beverage (soda) consumption. No associations were
found for milk, tea, or water. Other risk factors for
kidney stones, such as other dictary variables (11).
were not controlled for in the analysis. This study was
followed by a randomized wial of decreasing soft drink
use on the nsk of stone recurtence (12). A significant
decrease of 6.4 percent in the stone recurrence rate
was observed in the group advised t0 avoid soda
consumption.

We have previously shown an inverse association
between total fluid intake and the risk of stone forma-
tion in a prospective cohort study of 45.619 US men
(11). To investigate whether the type of fluid Jngestéd
is important, we examined the relation between the use
of 21 specific beverages and the risk of symptomatic
Kidney stones.

METHODS
Population

The Health Professionals Follow-up Study is a lon-
gitudinal study of cancer and cardiovascular and other
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diseases among 51,529 male dentists, optometrists,
osteopaths, pharmacists, podiatrists, and veterinarians
who were 40-75 years old in 1986. The participants
returned a mailed questionnaire in 1986 concerning
diet, medical history, and medications. Of the 49,999
participants who provided complete information on
diet. we excluded 3,965 men (7.9 percent) who re-
ported a history of kidney stones prior to 1986 because
they might have changed their fluid intake as a con-
sequence_of the kxdney stone. The prevalence at base-
line ranged from 5.3 percent in the men younger than
45 years to 10.0 percent in those 70 years and older.

Assessment of diet

We assessed the men's diets using a semiquamita—
tive food frequency guestionnaire “m contained in-
quiries about the average use of 131 food items, in-
cluding 21 beverages, during the previous year. We
computcd nutrient intakes from the reported frcquency
of consumpuon of each food or beverage using pub-

-

TABLE 1.
Professionals Follow-up Study

lished data on the nutrient content of the specified
portions (13). We also collected information on the
amount of supplemental calcium (e.g., calcium’car-
bonate) intake, either alone or in multivitamin prepa-
rations. We previously reported on the reproducibility
and validity of this dietary questionnaire in this cohort
(14).

Study participants reported specific beverage use as
the number of times a standard serving size was con-
sumed, with nine frequency categories ranging from
less than once per month to six or more times per day.
The beverages included in the questionnaire are listed
in table 1. The average daily intake of each beverage
was calculated by multiplying the reported frequency
of use by the serving size for the beverage. Red and
white wine were combined into a single variable
(wine) because there was no a priori hypothesis that
the individual types of wine would have a differential
effect on the risk of stone formation. Reasonable lev-
els of reproducibility and validity were observed for

Distribution (%) of beverage use among 45,289 men with no history of kidney stones at baseline in 1986, Health

Frequency ol use (%)

Beverage
</ -3 W 2-4/ 5-6/ 2x") 4-8/ 6/ i
(serang sizet) month months week . weeks weeks Vaay days cays days Missing
Water (1 glass) 2.7 2.3 2.5 5.7 48 17.7 3.7 19.9 103 ‘0.5
"« Milk (8-0z glass) . : ) '

Skim/low fat 243 7.9 5.3 173 9.1 17.5 - 13.2 1.3 0.5 3.5
Whole 65.5 8.7 34 5.5 1.8 33 2.0 0.3 0.1 9.4

Juices (small glass) : .
Apple 47.2 24.7 10.8 8.0 1.7 1.7 0.5 0.1 0.03 5.3
Orange 16.1 171 11.7 18.6 8.8 211 2.7 0.3 0.3 33
Grapefruit 64.0 15.8 56 46 1.1 1.5 0.4 0.1 0.02 7.1
Other fruit 49.2 22.6 9.4 7.5 1.7 24 0.4 0.04 0.04 6.6
-y Tomato 52.9 26.9 10.0 4.7 1.0 1.1 0.1 0.01 0.01 3.3
' Punch/lamonade (1 glass) 64.6 16.8 74 44 1.2 1.2 0.4 0.1 0.01 3.9

- Sodas (1 can)

"} Cola, with catfeine 545 16.6 9.9 9.6 2.7 2.7 1.2 0.1 0.04 2.6
Cola, without caffeine 76.7 98 . 48 2.6 0.5 0.5 0.2 0.01 0.004 4.9
Cola, diet, with caffeine 61.4 10.8 6.4 8.3 2.9 3.9 2.6 0.4 0.1 3.2
Cola, diet, without caffeine 60.1 12.1 7.6 8.6 25 35 1.8 0.2 0.1 3.4
Noncola 62.1 18.6 9.3 5.2 08 0.8 0.3 0.01 0.002 29
Noncola, diet 58.9 15.0 8.8 7.6 1.9 2.1 0.8 0.1 0.04 4.7

Coffeaftea (1 cup)
Coffee, caffeinated 28.9 5.7 43 7.2 4.7 131 229 8.1 28 24
Coffee, decaffeinated 449 9.3 5.5 85 4.7 93 1.1 28 0.8 3.1
Tea 40.7 15.2 9.1 10.5 46 9.0 6.3 1.1 0.3 3.2
Alcoholic beverages
Beer (1 can) 42.4 17.9 11.4 14.1 4.1 43 3.2 0.6 0. 1.8
Wine (4-o0z glass) 39.1 11.6 204 12.3 8.4 2.7 23 0.4 0.4 2.3
Liquor (1 shot) 46.1 15.7 8.4 12.2 4.7 5.1 5.6 0.7 0.2 1.2

* Values are percentage of cohort reporting the particular category of use. Total percentage may not add up to exactly 100 due to rounding.
1 Serving sizes are consistent with the exact wording of the food frequency quesnonnalre

Am J Epidemiol Vol. 143, No. 3, 1996
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reported intake of individual beverages using the semi-
quantitative food frequency questionnaire (15).
Pcarson correlations between the food records and the
questionnaire ranged from 0.52 for plain water to 0.93
for coffee, with a mean correlation of 0.77.

We calculated daily total fluid intake from bever-
ages by using data on frequency of use and serving
size of the individual beverages. The data consist of
reported fluid intake but not urine volumes. However,
as part of the diet validation study (14), we collected
24-hour urine samples and found a high correlation (r
= 0.59) between reported fluid intake and 24-hour
urinc volume (unpublished data).

Nutrient values were adjusted for total energy intal~
using a regression model with total caloric intake as
the independent variable and absolute nutrient intake

as the dependent variable (16, 17). As total energy.

.intake for an individual tends to be fixed in a very

narrow range, changes in nutrient intake must be made
prumarily by altering the composition of the dict, not
the total amount of food consumed. Encrgy-adjusted
values reflect the nutrient composition of the diet
independent of the total amount of food consumed. In
addition, energy adjustment reduces any variation in-
troduced by underreporting or overreporting of intake
on the food frequency questionnaire, thus improving
the accuracy of nutrient measurement (14). Beverage
intake was not adjusted for total energy intake.

.

Assessment of nondietary factors

In 1986, participants provided information on their
state of residénce, weight. height, and use of thiazide
diuretics. The level of physical activity in metabolic
-equivalents per week was computed from the reported
frequency and duration of various forms of mild 10
vigorous exercise.

Follow-up and case ascertainment

We sent follow-up questionnaires in 1988, 1990,
and 1992, asking the participants whether they had had
a kidney stone diagnosed since January 1986. After up
to six mailings for each follow-up period (18), the

- response rate was greater than 94 percent.

When a kidney stone was reported on a follow-up
questionnaire, we mailed a supplementary form to
confirm the self-report and to ascertain the date of
occurrence, symptoms, and family history of Kidney
_stones. The rate of response to the supplementary
questionnaire was 93 percent. The primary end point
was an incident kidney stone accompanied by pain or
hematuria. To confirm the validity of the self-report.
we obtained the medical records from a random sam-

S
ple of 60 cases. All were confirmed except two, whit‘ih
were bladder stones.

We considered only cases that occurred during the
first 6 years of follow-up—bctween the return of the
1986 baseline questionnairc and January 31, 1992.
After excluding men who lived outside the US and
men for whom the stonc could not be confirmed or the
occurrence was outside the study period, 45,289 men
with no history of kidney stones at baseline remained.

Statistical analysis

For each participant. the nerson-months of follow-
up wele counteu iroml We rewwm date of the 1986
questionnaire to the date of a kidney stone or death, or
January 21, 1992, whichever came first. We allocated
person-months of follow-up according to the 1986
exposure status and calculated incidence as the num-
ber of events divided by the person-time of follow-up.
The proportion of subjects with missing information
for any individual beverage was less than 10 percent
(table 1). These subjects were assigned to the lowest
category of intake for that beverage because in the
validation study, we found that a missing item was not
consumed at all in the majority of instances. The
categories for all items on the food frequency ques-
tionnaire, not just the beverages, were selected in 1988
based on the frequency response for each individual
item. The goal was to have a sufficient number of
participants in each category, particularly the extreme
categories, to provide sufficient power to examine
associations in subjects with extreme intake. For the
beverage analyses, we did look at the nine individual
response categories after examining the grouped cat-
egories to determine whether substantial variation was
being masked. Because the results were very similar.
the a priori selected grouped categories were used t¢
provide more stable estimates of the associations. The
relative risk—the incidence rate in a particular cate-
gory of beverage use divided by the corresponding rate
in the comparison category—was used as the measure
of association (19).

We formally tested the null hypothesis that beverage
type did not influence risk of kidney stones by addipg
intake of all specific beverages (cxcept for water) to a
multiple logistic model containing total fluid intake
and evaluating the change in total model deviance
(likelihood ratio test) with 20 df. Clinically, patients
with kidney stones are frequently advised to drink a
certain number of 240-ml (8-oz) glasses of liquid each
day to produce at least 2 liters of urine. Therefore, for
the multivariate model, we converted the daily use of
cach beverage into the number (or fraction) of 240-ml
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servings consumed per day. This provides an estima-
tion of the effect on the risk of stone formation of
increasing the consumption by one unit (240 ml) of an
individual beverage. Relative risks for specific bever-
ages were adjusted simultaneously for other stone risk
factors (11) using similar multiple logistic models
(20). Variables considered in the multivariate models
were specific beverage use (240-ml portions per day),
age (S-year categories), quintiles of body mass index
(weight in kilograms divided by the square of the
height in meters), quartiles of physical activity level,
geographic region (seven categories), subject’s spe-
cific health profession, use of thiazide diuretics (yes/
no), and quintiles of dietary intake of calcium, animal
protein, and potassium. We previously showed that
these dietary variables are related to risk of kidney
stones (11). For all relative risks, we calculated 95
percent confidence intervals; all p values are two
tailed.

RESULTS

The frequency of use of the individual beverages by
the cohort members as reported on the baseline ques-
tionnaire is shown in table 1. During 242,100 person-
years of follow-up over a 6-year period, 753 cases of
incident symptomatic kidney stones were documented.
After controlling for potential confounding by other
risk factors, the relative risk of stone formation for

‘men in the highest quintile of total fluid intake

=2,538 ml/day) compared with the lowest quintile
(<1.275 ml/day) was .0.65 (95 percent confidence
interval 0.51-0.84).

After we controlled simultaneously for potential
confounding by other risk factors including age, pro-
fession. geographic region, thiazide use, intake of di-
etary calcium, potassium. and arimal protein. and total
fluid, we found that the addition of specific beverages
contributed significantly to the prediction of kidney
stones (change in —2 log likelihood = 72.9 with 20 df,
p < 0.001). In an additional model including all spe-
cific beverages but not total fluid intake, significant
inverse associations were cbserved for caffeinated cof-
fee. decaffeinated coffee, tea, beer, and wine (table 2).
Apple juice and grapefruit juice were directly associ-
ated with risk (table 2).

For each 240-ml serving consumed daily, the risk of
stone formation decreased by the following amount for
the stated beverage when analyzed as a continuous
variable: caffeinated coffee, 10 percent (95 percent
confidence interval 4—15 percent); decaffeinated cof-
fee, 10 percent (3-16 percent); tea, 14 percent (5-22
percent); beer, 21 percent (12-30 percent); and wine,
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TABLE 2. Age-adjusted and multlvariate relative risk of
incident kidney stones for individual beverages per 240-ml
(8-02) ser ving size per day, Health Professionals Follow-up
Study, 1986

Age-adjusted Multivaniale®
Beverage
RRt 95% Cit RR 95% C!
Water 0.96 0.92-1.00 097 0.93-1.02
Milk
Skim/ow fat 0.89 0.82-0.86 0.97 0.85-1.10
Whole 0.86 0.72-1.02 0.87 0.71-1.05
1
Juices
Appie 1.23 0.95-1.60 1.35 1.04-1.75
Orange 0.82 0.67-1.01 0.94 0.76-1.16
Grapefruit 1.19 0.87-161 137 1.01-1.85
Other fruit 080 0.49-132 083 0.50-1.36
Tomato 1.06 0.57-1.97 141 0.76-2.63
Punch/lemonade 1.14  1.01-1.30 1.11  0.97-1.27
Sodas
Cola, with caffeine .11 1.01-1.22 1.06 0.96-1.18
Cola, without
caffeine 098 0.75-1.29 0.93 0.70-1.23
Cola, diet, with
caffeine 0.93 0.85-1.02 0.93 0.85-1.02
Cola, diet, without
catfeine 1.01 0.92-1.12 102 0.92-1.12
Noncola 1.09 0.88-1.35 102 0.81-1.28
Noncola, diet 1.09 0.97-1.23 111 0.98-1.26
Coffeeftea * ta
Coflee, caffeinated 0.87 0.83-0.92 0.90 0.85-0.96
Coftee, '
decaffeinated 0.90 0.84-0.97 0.90 0.?4—0.97
Tea 0.85 - 0.77-0.94 0.86 0.78-0.95
Alcoholic beverages * !
Beer 0.80 0.72-0.80 0.79 0.70-0.88
Wine 0.60 0.40-0.88 0.61 0.42-0.90
Liquor 0.94 0.52-1.70 0.72 0.39-1.33

* The multivariate modal included age (in S-year categories),
profession, geographic region (seven categories), use of thiazide
diuretics (yes/no), dietary intake of calcium, animal protein, and
potassium (quintle groups), and all 21 beverages (continuous
variables with each unit representing 240 ml (8 oz) per day of that
beverags).

1 RR, relative risk; Cl, confidence interval.

39 percent (10-58 percent). For each 240-ml portion
consumed daily, the risk of stone formation increased
by 35 percent (95 percent confidence interval 4-75
percent) for apple juice and 37 percent (1-85 percent)
for grapefruit juice. ’
The risk of stone formation was examined according
to category of consumption of the beverages for which
we observed an overall association. In table 3, the
multivariate relative risks are presented by frequency
of beverage consumption using the standard serving
size for each beverage (see table 1). The risk of stone
formation decreased with increasing frequency of use
of caffeinated and decaffeinated coffee, tea, beer, and
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TABLE 3. Multivariate relative risks for beverages associated with the incidence of symptomatic kidney stones,* Health
Professlonals Follow-up Study N ’

Frequency of use

Beverage - <1/ 1-¥ 1 -y 5-¢/ 2-¥ ~y
month month week week week Vday day day 6/day
Cases 281 . 270 156 46
Person-years 75.477 84,607 55,539 26,477
Mutitivariate RRt 1.0 0.89 : 0.80 0.54
95% Cit 0.74-1.06 0.64-0.99 0.386-0.75
Decaffeinated coffes
— N csamll e S
Cases 397 . 269 - 64 23
Person-ysars 116,236 90.366 B 26.927 8,570
Multivariate RR . 1.0 0.88 0.53 0.77
95% ClI 0.74-1.04 0.51-0.89 0.50-1.19
Tea
— o~ — —— e
Cases 328 385 34 6
Person-years : 105,884 112,377 15,293 3.546 N
*Multivariate RR 1.0 1.01 0.65 0.53
95% Cl ‘ 0.87-1.18 0.45-0.93 0.23-1.19
Beer
"Cases ' 355 129 202 60 7
Person-years 106,589 43,343 61,866 20,445 9,857
Multivariate RR . 1.0 0.91 1.01 0.91 i 0.22
95% ClI 0.73-1.14 0.83;1.25 0.68-1.22 i 0.10-0.46
Wine R ' t
. . R e s L
- Cases 332 95 156 85 74 1 !
. Person-years 98,609 28,129 49,630 29.956 27,216 7.558
Muiltivariate RR 1.0 0.99 0.90 0.86 0.86 0.50
95% Ci . 0.77-1.26 0.73-1.12 0.66~1.12 0.65-1.13 0.27-0.92
Apple juice '
B ———— o
Cases ' 374 175 88 79 * 37
Person-years 126,965 60,154 26,286 19,320 : 9,375
Multivariate RR 1.0 0.83 0.93 1.18 1.29
95% ClI 0.68-1.01 0.72-1.20 0.91-1.54 0.90-1.84
Grapefruit juice )
: .
Cases 504 136 48 40 25
Person-years 171,996 38,175 13,500 10,997 7.431
Multivariate RR 1.0 1.20 1.26 1.30 1.40
95% Cl 0.98-1.48 0.92-1.73 0.93-1 .82 0.93-2.12

® The muitivariate model included age (in S-year age categories), profession, geographic region (seven categories), use of thiazide
diuretics (yes/no), dietary intake of calciumn, animal protein, and potassium (quintile groups), and all 21 beverages (conlinuous variables with *
each unit representing 240 ml (8 oz) per day of that beverage).

1 AR, relative risk; CI, confidence interval. ¢

wine. The risk increased with increasing use of apple  0.02), beer (p = 0.001), and wine ( p = 0.02) were
_juice and grapefruit juice. inversely associated with risk and were significantly
We also compared the risk of kidney stones associ- different from water; decaffeinated coffee was mar-
ated with specific beverages with that of water, a ginally significant (p = 0.07). Apple juice (p = 0.02)
presumably neutral fluid, to control for a similar vol-  and grapefruit juice (p = 0.03) were directly associ-
ume of intake. Caffeinated coffee (p = 0.03),tea(p =  ated with risk and significantly different from water.
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DISCUSSION

These prospective data confirm that greater fluid
intake is assoviated with reduced risk of kidney stones,
further suggesting that greater consumption of caffein-
ated and decaffeinated coffee, tea, beer. and wine
decreases the risk of symptomatic kidney stones
whereas greater consumption of apple and grapefruit
Juice increases the risk. The overall risk from bever-
ages depends on the risk of consuming the specific
beverage. Although we do not know the composition
of the stones formed, the vast majority of stones in this
group of men will contain calcium oxalate (2, 21).

The urinary concentration of lithogenic factors and
nsk of crystal formation can be lowsred simply by
increasing urine volume (6). In the steady state in
healthy individuals, fluid intake is the. main determi-
nant of urine volume. Thus, patients who have formed
kidney stones are routinely advised to increase their
fluid intake. However, information on the effect of
different beverages on risk of stone occurrence is
sparse. The effects of specific beverages, such as or-
ange juice (22) and sugared cola (23). have been
examined in relation to changes in the urine compo-
sition byt not to stone formation. The effects on stone
formation of water hardness (24, 25) and primary fluid

- intake {10) have been studied using retrospective de-
signs; however, these studies failed 10 address the
important role of other dietary factors (11).

The mechanism for the protective effect of caffein-
ated coffee and tea may be mediated through caffeine.
Caffeine interferes with the action of antidiuretic hor-
mone on the distal nephron (26) resulting in increased
urine flow and a more dilute urine, which would lower
the risk of crystal formation. However, this beneficial
effect may be pantly offset by the increase in urinary
calcium excretion caused by caffeine (27). The pro-
tective effect of beer and wine may be due to the
inhibitory effect of alcohol on antidiuretic hormone
secretion (26) with increased urine flow and decreased
-urinary concentration. A similar magnitude of associ-
ation was seen for liquor; however, the confidence
interval was wide.

The inverse association for tea and coffee may seem
surprising given the common belief that these bever-
ages, particularly tea, have significant amounts of ox-
alate. Very little information on the oxalate content of
foods and beverages is available. Kasidas and Rose
(28). using foods bought in England and an enzymatic
method to measure oxalate content, found that a
240-ml portion of tea contained 17 mg of oxalate and
a 240-ml serving of instant coffee contained 8 mg of
oxalate. Thus, it appears that the amount of oxalate
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contributed to the diet by these beverages, although
not trivial, is probably small.

It is u" zlear why decaffeinated coffee was associ-
ated with a decreased risk. It is possible that for those
beverages inverselv associated with risk, it was simply
the fluid intake that was protective; however, we did
not observe similar protection from all beverages at a
similar volume of intake. Because we examined a
large number of beverages, the possibility exists that
some associations may have occurred by chance. Al-
though the data are internally consistent for major
sources of caffeine and alcohol, the findings for de-
caffeinated coffee clearly require confirmation.

The mechanism for the increased risk associated
#ith apple and grapefruit juice consumgption is also not
obvious. Although the pH of these beverages is acidic
(~3.5) (29), the actual total acid load is small. The
oxalate content of these beverages has been reported to
be less than 1 mg/liter (28). These beverages do con-
tain a substantial amount of sugar, which can increase
calcium excretion (30). However, other acidic bever-
ages containing considerably more sugar, such as
punch and lemonade and soda. were not associated
with increased risk. Additional data from extended
follow-up and other populations are required to con-
firm or refute the associations with these fruit juices.
. Shuster et al. (12) studied the relation between soft
drink consumption and the risk- of kidney stone recur- .-
rence. The study population consisted of },009 male
subjects with incident or recurrent stone disease who
drank at least one-half can of soda per day. Of the
randomly selected subjects advised to avoid soda con-
sumption, 170/504 (64.6 percent) remained free of
recurrence.at 3 years. Of the other half of subjects who
were given no special instructions regarding soda use,
205/505 (58.2 percent) were free of recurrence at 3
years (p = 0.05). In a subunalysis, the beneficial
effect of abstaining from soda was limited to those
whose most consumed soda was acidified by phospho-
ric but not citric acid; no clear mechanism was pro-
posed. The patients were managed by their primary
urologist; however, information on therapeutic inter-
ventions and beverages consumed instead of soda was
not available. Thus, the reduction in recurrence among
the participants given special dietary instructions may
have been due to the increase in a beverage type other
than soda.

After we adjusted for age alone, it appeared that the
consumption of caffeinated sugared cola was associ-
ated with increased risk (table 2), which is consistent
with previous reports (10, 12). However, after control-
ling for other potential risk factors, the association was
no longer significant for sugared cola or for the other
types of soda (table 2). The intake of caffeinated



246 Curhan et al.

sugared cola was inversely correlated with dietary
calcium (correlation coefficient = —0.14, p < 0.001)
and dictary potassium (corrclation coefficient =
—0.28, p < 0.001). We have previously reported that
the risk of stone formation decrcases with increased
intake of dietary calcium and potassium (11). Thus, it
appears that the results of these previous studies on
soda consumption may have been confounded by other
dietary factors. Furthermore, the previously mentioned
randomized trial evaluating the role of soda on stone
recurrence failed to account for other beverages that
were consumed in the test group in place of soda. If
the test subjects changed from caffeinated sugared
cola to caffeinated coffee, for example, a decrease in
the recurrence rate may have occurred due to the
protective effect of coffee rather than to a stone-
promoting cffect of sugared colas.

The presence or lack of association between a bev-
erage and risk of stone formation could be a result of
substantial correlation between the use of specific
beverages or total volume. Although correlations be-
tween beverages in the multvariate model would not
on average affect the relative risks, they could widen
the confidence intervals. The greatest correlation (r =
0.43) was between sugared colas and sugared nonco-
las; most other correlations were less than 0.20 (data
not shown). Although beer (r = 0.32) and caffeinated
coffee (r = 0.40) were moderately correlated with
total fluid intake, other beverages such as water (r =
0.48) with similar or larger correlation coefficients
were not significantly associated with a reduced risk of
stone formation. '

Biased recalh of diet was avoided in this study
because the intake data were collected before the di-
agnosis of kidney stones was made. However, nondi-
etary risk factors for kidney stones could have influ-
enced our results if they were strongly associated with
the use of certain beverages.

These findings were observed among men ages 40
vears and older with no history of kidney stones. In
our cohort, more than 50 percent of the men were
vounger than age 60 at baseline; only 8 percent had a
history of kidney stones and were therefore excluded.
With the information currently available in the litera-
ture, we have no reason to believe that the relations we
observed would be different in women, younger men,
or men with a history of kidney stores contzining
calcium oxalate.

Our findings suggest that the effect of beverages on
stone formation involves more than increasing fluid
intake. In this study. greater intakes of caffeinated and
decaffeinated coffee, tea, beer, and wine were associ-
aied with a decreased risk of stone formation, whereas
greater intakes of apple and grapefruit juice were

related to increased risk. Before definitive recommen-
dations can be given to paticnts who have had kidney
stones, additional studies arc needed.
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In vivo antioxidant effect of green and black tea in man

M Serafini, A Ghiselli and A Ferro-Luzzi

Istituto Nazionale della Nutrizione, Via Ardeatina, 546, 00178 Roma, Italy

Objective: Evaluation of the in vitro antioxidant activity of green and black tea, their in vivo
effect on plasma antioxidant potential in man and the effect of milk addition.

Design: The antioxidant activity of the tea, with and without milk, was tested in vitro by
measuring the length of the peroxyl radical induced lag-phase. The in vivo activity was tested
on two groups of five healthy adults. Each group ingested 300 ml of either black or green tea,
after overnight fast. The experiment was repeated on a separate day, adding 100 ml whole milk
to the tea (ratio 1 : 4). Five subjects acted as controls. The human plasma antioxidant capacity
(TRAP) was measured before and 30, 50 and 80 min from the ingestion of tea.

Results: Both teas inhibited the in vitro peroxidation in a dose-dependent manner. Green tea
was sixfold more potent than black tea. The addition of milk to either tea did not appreciably
modify their in vitro antioxidant potential. In vivo, the ingestion of tea produced a significant
increase of TRAP (P < 0.05), similar in both teas, which peaked at 30-50 min. When tea was
consumed with milk, their in vivo activity was totally inhibited.

Conclusions: The paper shows that tea possesses a strong antioxidant activity in vitro which is
believed to be exerted by its polyphenols moiety. It also provides compelling evidence that tea
has also a potent in vivo activity in man. The promptness of the in vivo response suggests that
the absorption of the bioactive components of tea takes place in the upper part of the gastro-
intestinal system. The inhibition of this effect by milk is thought to be due to the complexation
of tea polyphenols by milk proteins. These findings might help to clarify the putative role of

dietary polyphenols in modulating oxidative stress in vivo.
Sponsorship: This work was funded by the National Rescarch Council (Italy) Project RAISA,

Subproject 4, paper no. 2326.

Descriptors: antioxidants, men, milk, plasma, polyphenols, tea

Introduction

Oxidative damage is thought to represent one of the
mechanisms leading to chronic diseases such as athero-
sclerosis and cancer (Halliwell & Gutteridge, 1989).
Therefore interest is growing in the defence afforded by
antioxidant nutrients against free radical reactions. This
presumptive role has prompted research which focused
first on recognised antioxidant nutrients such as ascorb-
ic acid, a-tocopherol and f-carotene (Halliwell & Gut-
teridge, 1989).

More recently, the attention has shifted to poly-
phenols. Polyphenols are secondary plant metabolites
occurring widely in plant food (Harborne, 1989). They
possess outstanding antioxidant and free radical scav-
enging properties, suggesting a possible protective role
in man (Laughton, 1991; Scott et al, 1993). The in vitro
antioxidant activity of polyphenols has been amply
rescarched and there is a vast literature documenting
their ability to act as primary as well as secondary anti-
oxidants through sequestration of metal ions (Morel et
al, 1994) and by scavenging reactive oxygen species
(Rafat Husain et al, 1987; Robak & Gryglewski, 1988;
Hanasaki et al, 1994). However, the mechanisms
through which these compounds act in vivo are still

Correspondence: Andrea Ghiselli.
Received 12 May 1995; revised 14 June 1995; accepted 12 July 1995

incompletely understood and many uncertainties persist
relative to their bioavailability and metabolic fate in
man (Gugler, Leshik & Dengler, 1975; Kleiynen &
Knipschild, 1992).

Recent papers have provided the first evidence of an
epidemiological link between polyphenol intake and
risk of cardiovascular disease in man (Hertog et al,
1993a). Evidence of an in vivo antioxidant effect in man
after ingestion of polyphenol-rich beverages, tea
(Serafini et al, 1994) and wine (Maxwell et al, 1994) has
also been recently published.

Polyphenols are a wide family of compounds, charac-
terised by the presence of one or more aromatic rings
and hydroxyl groups. Their antioxidant potential is
closely related to the number of hydroxyls, the higher
the number the more potent the chain-breaking anti-
oxidant action of the compound (Rafat Husain et al,
1987).

Tea (Camellia sinensis) is a widely consumed beverage
throughout the world. It has been calculated that the
average consumption is slightly in excess of 100ml per
day (Balentine, 1992), but it can reach up to 20 cups or
more per day (Graham, 1992). Tea was the main dietary
source of five selected flavonoids consumed by a Dutch
population group (Hertog et al, 1993b). Tea leaves
contain more than 35% of their dry weight in poly-
phenols whose nature differs depending on the manu-
facturing procedure (Balentine, 1992). There are three



main classes of commercial tea. Green tea, a non-
fermented type of tea preferred in China, is rich in flava-
nols (mainly catechin, epicatechin and epigallocatechin),
flavandiols and simple phenolic acids. Black tea, mostly
consumed in the Western world but also in South and
south East Asian countries and in the whole African
continent, is obtained by fermentation of the green tea.
During fermentation, simple polyphenols undergo an
enzymatic polymerisation that leads to the formation of
complex compounds of condensation. The principal
condensation compounds present in black tea are thea-
flavins and thearubigens with a molecular weight of
about 500-3000 (Balentine, 1992). These polyhenols are
responsible for the characteristic reddish colour and the
astringency of the black tea (Rider et al, 1992). The sen-
sation of astringency is produced by the precipitation in
the mouth of the glycoproteins present in the mucous
secretion of the salivary glands (Rider et al, 1992). The
mitigation of this astringency when milk is added to tea
is due the formation of a complex between black tea
polyphenols and alfa and beta casein of milk (Brown &
Wright, 1963). The third class of tea is the Oolong tea
which, being semifermented, has intermediate character-
istics.

In this paper we have investigated the in vitro anti-
oxidant action of green and black tea, with and without
milk. We have also studied their in vivo effect by mea-
suring the total plasma antioxidative capacity (TRAP)
in man.

Methods

Chemical and reagents

All chemicals were purchased from Sigma Chemical
Co., St Louis, MO, USA, unless otherwise stated. 6-
Hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid
(Trolox) was purchased from Aldrich Chemical Co.
(Milwaukee, MI, USA); 2,2-diazobis(2-amidinopro-
pane) dihydrochloride (ABAP) from Polyscience
(Warrington, PA, USA). _

Solutions and reagents for TRAP assays were made
using Milli-Q (Millipore, Bedford, MA, USA) double-
distilled water (resistance > 18 mQ/cm?) and passed
through Chelex 100 resin Na* form.

Measurement of antioxidant potential
The method employed to assess the antioxidant activity
of tea was recently developed in our laboratory (Ghiselli
et al, 1995). It is based on the protection afforded by
plasma against the decay of a fluorescent target, R-
Phycoerytrhin (R-PE) during a controlled peroxidation
reaction. The reaction mixture is 1.5 x 107®*M R-PE in
75mM phosphate buffer, pH 7.0. Full details on the
method are published elsewhere (Ghiselli et al, 1995). In
the present study, tea or human plasma were added to
the reaction mixture up to a 2.0ml final volume and
Pre-incubated at 37°C for Smin in 10mm quartz fluo-
Tfometer cells. The oxidation reaction was started by
adding ABAP to a final concentration of 40mM. The
decay of R-PE fluorescence was monitored every Smin
for 99 min on a Perkin-Elmer (Norwalk, CT USA) LS-5
Uminescence Spectrometer equipped with a thermo-
Statically controlled cell-holder. The monochromators
Operated at an excitation wavelength of 495nm/5nm
slit width and at an emission wavelength 575nm/5nm
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slit width. Each assay was done in duplicated or tripli-
cate. The reproducibility of the method is high (c.v.
% < 3).

Results have been standardised using Trolox, a
water-soluble analogue of a-tocopherol, and expressed
as TRAP (uM), which represents the pmoles of peroxyl
radicals trapped by one litre of plasma.

In vitro study
Tea infusions were prepared using two commercially
available brands of tea (Twinings Earl Grey and Birko
Chinese green tea, KI). 100ml boiling tap water was
poured over 2.0g tea leaves. The mixture was allowed
to stand for 1.5 min and then filtered. Pasteurised whole
milk was used in the tea-with-milk experiments. The in
vitro antioxidant activity was assessed by measuring the
inhibition produced by the addition of increasing
amounts of tea to the reaction mixture described above.
The effect of the presence of milk was tested by
adding 2.0 ul of the tea + milk mixture and the results
were corrected for the dilution. Tea + doubly distilled
water was used as control.

In vivo study

The study protocol was approved by the Human Ethics
Committee of the National Institute of Nutrition. Ten
healthy and consenting volunteers were randomly
divided in two equal groups. Each group was asked to
ingest, after overnight fast, a bolus quantity (300 ml) of
either black or green tea, unsweetened. The experiment
was repeated on the same subjects, on a separate day,

.with the same type and quantity of tea added with

100 m! whole milk (ratio 1:4). Five subjects acted also
as controls and drank 300 ml tap water.

Venous blood samples were collected in pre-chilled
BD Vacutainer EDTA-tubes before and 30, 50 and
80min after tea ingestion. The blood was immediately
centrifuged at 12000 x g for 3min, plasma was separ-
ated, placed at —80°C and assayed for TRAP within
3h.

Statistics

Data are expressed as mean + s.e.m. The area under the
curve (AUC) has ben calculated using Kaleidagraph
3.02 (Synergy Software, Reading, PA, USA) software for
Macintosh. Linear regressions, one way ANOVA and
t-test for independent samples were calculated using
Statview II (Abacus Concepts Inc, Berkeley, CA, USA)
software for Macintosh.

Results

In vitro antioxidant effect of tea

The results of the in vitro experiments are illustrated in
Figure 1. The progressive lengthening of the lag-phase
of the ABAP-induced peroxidation, elicited by increas-
ing amounts (2, 4 and 8 ul) of tea is clearly visible. Plot-
ting the lag-phases against the amount of tea, regres-
sions lines have been obtained, one for green tea and
one for the black tea, both highly significant with corre-
lation coefficients close to 1. The slope of the green tea
was steeper (b = 31.6) than that of black tea, (b = 5.11)
disclosing a remarkably inferior potency of the latter.
The antioxidant capacities of the two types of tea were
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Figure 1 Effect of the addition of 0 (#), 2(®), 4 (W) and 8 (A) ul of
undiluted black (A) and 1.2 diluted green (B) tea to 2.0ml reaction
mixture on the delay (lag-phase) of the peroxidation reaction. Inset:
linear regression of lag-phase vs the amount of tea added.

3542 and 17850uM respectively for black and green
tea.

Adding milk did not significantly modify the in vitro
behaviour of either type of tea.

Table 1 Mean + sem. of plasma TRAP values® before and afie,
drinking black or green tca

————

Controls Black tea Green tea

Time (min) (n=23) (n=2J5) (n=23)
TO 1478 £ 160 1298 + 187 1330 + 170
T30 1468 + 144 1505 + 209 1786 + 206
TS50 1502 + 172 1675 + 128 1630 £ 156
T80 1470 + 161 1428 + 42 1488 + 128

* TRAP values are expressed as ymol/l.

In vivo antioxidant effect of tea
The results of the in vivo tests are presented in Table 1.
Mean basal TRAP values of the three groups were not -
significantly different (t-test for independent samples):
1478 + 160, 1298 + 187 and 1330 4 170uM respec-
tively for controls, black teca and green tea. The TRAP
values of the control subjects who consumed only tap
water remained unchanged over the entire observation
period. The increase of TRAP values induced by green
tea (Figure 2) pcaked at 30 min ( + 40%, calculated as
average of the individual increments over basal values)
and declined thereafter returning at T80, close to basal
values. The peak response to black tea was similar (48%
over baseline), but occurred slightly later (50 min) and
fell at T80 to near basal values.

The overall antioxidant effect was assessed by mea-
suring the AUC of the individual responses over the

Table 2 Mean + s.e.an. and statistical significance of the area under
the curve (AUC)" of all subjects

Controls (n = 5) 02408

Without milk With milk
Black tea (n = 5) 14.1 + 5.8° -261 1.6°
Green tea (n = 5) 213+ 4.3* 0.6 + 6.8°

* AUC values are expressed as mmol/l x 80 min.
» P < 0.05 vs controls.
¢ P < 0.05 vs tea without milk.

TRAP increase (%)

60 80

Time (min)

Figure 2 Effect of black (@) and green (O) tea ingestion on plasma TRAP values. Control subjects are represented by A symbol. Values ar¢
expressed as mean £ s.e.m. of the individual percent increments over basal values.



entire period of observation. The results are presented
in Table 2. The AUC values for the green tea
(21.3 £ 4.3) and the black tea (14.3 + 5.8) were similar
to each other and both differed significantly from the
coatrol group (0.2 £+ 0.8).

The TRAP response when tea was drunk with milk
was compared to that elicited by tea alone (Table 2).
The AUC:s of both tea- plus milk-mixtures were close to
zero and significantly different (Fisher test P < 0.05)
from those obtained with tea alone. These results
suggest that milk had totally or nearly totally inhibited
the in vivo effect exerted by tea alone.

Discussion

Ample experimental and epidemiological evidence sup-
ports the involvement of oxidative stress in the patho-
genesis and in the progression of several chronic
diseases (Halliwell et al, 1992). Dietary factors are
capable of modulating the oxidative stress through
several mechanisms, and might therefore play a crucial
role in health protection.

Polyphenols are endowed with powerful antioxidative
properties and are now considered to be potentially
important for the prevention of chronic diseases in man.
Polyphenols are present in all plant food and may thus
be regarded as normal constituents of the human diet.
The presumptive consumption of polyphenols in the
USA has been calculated to be about 1.0g/day
(Kuhnau, 1976). The diets of the Mediterranean and of
the Third World are likely to have a much higher
content given their richness in plant food. Definitive evi-
dence of polyphenol antioxidant and protective effects
in vivo are still lacking, while ample evidence has firmly
established their potent in vitro effect.

Recently published letters to the Lancet have report-
ed the first in vivo effect of polyphenol-rich beverages,
tea and wine in man (Serafini et al, 1994; Maxwell et al,
1994). Since then, Whitehead et al (1995) have published
their full results, confirming that the consumption of
moderate amounts of red wine elicits a prompt though
temporary rise of plasma antioxidative defences.

In this paper we have first established that both green

and black tea represent an excellent source of anti-
oxidant polyphenols, green tea being about five times
more potent than black tea. The higher concentration of
simple, hydroxyl-rich polyphenols in green tea fully jus-
tifies its higher antioxidant potency. Lunder (1992) has
shown that the antioxidant activity of tea is directly
proportional to its polyphenol content. We can there-
fore reasonably assume that the antioxidant effect
observed in our in vitro and in vivo experiments is
Caused by the polyphenols contained in the tea.
) We have then established that, for what concerns the
In vivo effect, the bolus ingestion of one large cup of tea
Produces an appreciable increase in plasma TRAP
values in man. We were surprised to find that black tea
Produced a response of the same intensity of green tea.
This finding was unexpected, given the profound differ-
tnce observed in the in vitro activity of the two teas.

The mechanisms and the sites of absorption of poly-

_thcnols in humans, and their bioavailability in general,

§
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have not yet been elucidated. We can therefore only
Speculate that modifications must have taken place,

after ingestion, in the molecular structure of black tea
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polyphenols, restituting their pristinc antioxidative
capacity. The promptness of the TRAP response (30—
50 min) suggests that these modifications and the sub-
sequent absorption of the modified polyphenols must
occur in the higher tract of the gastrointestinal system,
probably starting from the stomach. We postulate that
the condensed polyphenols of black tea are rapidly
broken down in the stomach by the acid gastric secre-
tion, similarly to what happens when lemon juice is
added into a cup of black tea. The simpler polyphenols
released by the gastric hydrolysis of theaflavines and
thearubigens would thus become available for absorp-
tion and for exerting their antioxidant activity.

Milk proteins are known to complex polyphenols
(Brown & Wright 1963), but while this reaction has not
affected their in vitro antioxidant activity, it totally
inhibited their capacity to act in vivo. This discrepancy
might be attributed to the fact that the milk protein-
polyphenol complex, while retaining intact its anti-
oxidative potential, becomes resistant to gastric
hydrolysis. This resistance would render the complex
unavailable for absorption in the upper gastrointestinal
tract.

Another possible interpretation is the interference
with the absorption in the stomach of simple phenolics
due to the change in gastric pH following the intro-
duction of milk. Simple phenolics are weak acid com-
pounds and as such easily absorbable in their
non-ionised form (Fingl & Woodbury, 1970). Even a
small rise in gastric pH, such as that induced by the
milk added to tea, would increase the phenols’ ionis-
ation, thereby reducing their passage through the

. gastric mucosa.

The findings presented in this paper are relevant to
the much debated question of health-protective dietary
habits and open the way to a better understanding of
the inverse relationship between plant-rich diets and
mortality for chronic degenerative disease (Block er al,
1992).

The demonstration that polyphenols are bio-active
dietary compounds capable of raising plasma anti-
oxidant defences in man, has far-reaching implications.
More and better information on the type and quantity
of individual polyphenols normally present in the diet
becomes of higher importance, but also there is the need
to gain a clear picture of their capacity of truly acting in
vivo.

Notable is the fact that condensed polyphenols
appear to develop an appreciable in vivo antioxidant
action, following their gastric digestion, even though
their in vitro activity might be modest. But even more
importantly, our findings provide compelling insights
on the potential for interferences with the in vivo anti-
oxidant role of polyphenols by compounds which are
normal constituents of human diets.
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In the Orient, tea has been considered central to good health for nearly 5,000 years. The
Chinese drink tea to prevent sickness and employ medicines derived from tea to treat
disease. Modern science has strengthened the connection between tea drinking and good
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tooth enamel. While green tea contains more fluoride than black, sipping as little as one
cup a day of either type may be a powerful anti-cavity strategy. Tea drinkixfgsatf%wngw
appears to reduce plaque formation and bacterial infections in the mouth.

some soft drinks and medications. Caffeine is generally considered safe when consumed
in moderation. While a serving of tea usually contains less than half the caffeiné {§FeoUIS
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slightly decrease the uptake of iron from plant foods when consumed with a meal. To

offset tea’s minor effect on iron absorption, foods rich in vitamin C, such as oraﬂggjlrﬁ%g,

strawberries or tomatoes can be eaten in the same meal. Adding milk or lemon to tea,

especially to iced tea, works as well. vs810 YW 20T
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in maintaining fluid balance, which is crucial for nomﬁ%ﬁ%ﬂfﬁgﬁ%ﬁ%@a} ?ﬁ%?c;}
component of all living matter requiring continual replenishment:a\%@te‘ﬁS REXPNHSBSH
cool, transports nutrients, and cushions joints. Most adults need about two quarts of fluid

daily which should come from beverages and some fruits and v8§8 abl A TIANISOVA VIA
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TEA COUNCIL OF THE U.S.A,, INC.

PRO-FORMA BALANCE SHEET
December 31, 1996

ASSETS

Cash on Hand

Cash in Banks:
Checking Account
Money Market Account
Dean Witter Liquid Assets
Dreyfus Liquid Assets
T Bills

Accounts Receivable

Inventory

Prepaid Expenses

Deposits with Suppliers

Total Assets

LIABILITIES AND OPERATING BALANCE

Accounts Payable
Operating Balance

Total Liabilities & Operating Balance

DISTRIBUTION OF THIS STATEMENT:

Monthly:  Tea Council Executive Committee
Quarterly: Tea Council Board of Directors

ITEM # 15

$100

1,921
2,596
650,143
47,417
433,589
0

1,006

0

100

$1,136,873

$0
1,136,873

$1,136,873



TEA COUNCIL OF THE U.S.A,, INC.
Report of the Treasurer
For the 12 Months Ended December 31, 1996

OPERATING BALANCE AT BEGINNING:

Receipts:

U.S.A. Trade Contributions

Producing Country Contributions
Producing Country Observer Contribution
Interest Income

Total Receipts

Expenditures:

Tea Council Activities-Approved/Projected
Administrative
Approved Programs
Consumer Publicity
Health Aspects

Total Programs & Administration
Uncommitted

Total Expenditures

OPERATING BALANCE AT END:

1996
Actual To  Budget To Preliminary
12/31/96 12/31/96 Budget

$747,958 $747,958 $747,958
$692,940 $750,000 $750,000
17,625 19,000 19,000
10,381 15,000 15,000
41,621 30,000 30,000
$762,567 $814,000 $814,000
$251,685 $262,515 $262,515
6,895 23,500 23,500
115,071 334,332 334,332
373,652 620,347 620,347
$373,652 $620,347 $620,347
$1,136,873 $941,611 $941,611



1996

Actual To  Budget To Preliminary

Tea Council Administrative 12/31/96 12/31/96 Budget
120 Trademark Renewal $780 $600 $600
125 D&O Liability insurance 2,655 2,655 2,655
143 Accounting Fees 5,500 6,800 6,800
144 Legal Fees 0 2,000 2,000
170 Tea Convention 27,516 30,000 30,000
175 Council Letterhead 0 1,000 1,000
180 FARA 1,525 2,500 2,500
190 Miscellaneous (250) 3,000 3,000
199 Association Fee 213,960 213,960 213,960

Total $251,685 $262,515 $262,515
Internal Consumer Publicity
210 Binding $0 $2,000 $2,000
220 Printing 0 8,000 8,000
225 Photographs 0 2,500 2,500
230 Print Clippings 6,895 7,000 7,000
250 Trade Publicity 0 4,000 4,000

Total $6,895 $23,500 $23,500
Tea & Health Campaign
301 Scientific Advisory Panel $4,050 $22,225 $22,225
305 Scientific Information Exchange 14,017 39,651 39,651
320 Health & Nutrition Partnerships/ADA 897 34,347 34,347
325 Tea Crisis Management 0 119,354 119,354
330 Ongoing PR Activity 42,137 46,628 46,628
340 Special Publicity Activity (Broadcast) 10,936 27,260 27,260
350 Epidemiology Review 8,000 8,000 8,000
370 Out-Of-Pocket 7,337 6,195 6,195
399 Account Management 27,698 30,672 30,672

Total $115,071 $334,332 $334,332
Total Expenditures $373,652 $620,347 $620,347



