tea and the incidence of influenza infection among elementary
schoolchildren in a tea plantation area of Japan.

Methods

Study design. During the seasonal influenza period from November
2008 to February 2009, an anonymous questionnaire survey was un-
dertaken ro detecr the incidence of influenza infection and the preventive
measures used; the survey was conducted for 2663 pupils of all the
elementary schools (9 schools) in Kikugawa City (a tea plantation area),
Japan. The participants initially answered a set of questions regarding
their state of health (from April-October 2008) and then completed the
fiest (from November-December 2008) and second {from January~
February 2009) questionnaires. A serial registration number was printed
on each questionnaire, The questionnaire set was distributed among the
pupils in December. The response to the set of questions regarding their
state of health was collected prior to completion of the first questionnaire
at the beginning of January 2009; the second questionnaire was collected
at the beginning of March 2009. In the first sentence of each ques-
tionnaire, we requested parents to read the questionnaire with their child
and to help answer the questions. The study protocol was approved by
the Ethics Committee of the University of Shizuoka.

Contents of the questionnaires. In the set of questions regarding the
state of health before this survey, the number of days of absence from
school because of poor health from April-October 2008 was asked. The
following items were then surveyed in the first and second question-
naires; the incidence of influenza infection (including influenza-like
illness), symptoms, and recovery states from influenza infection; the
findings of the influenza antigen test; the number of days of absence from
school, or the number of days of hospitalization because of influenza
infection; the risk of influenza infection by household transmission;
influenza vaccination status; the frequency and quantity of green tea
consumption; the frequency of preventive measures such as hand
hygiene, facemasks, and gargling; sufficient nourishment; sufficient
sleep; thermal insulation; humidification; ventilation; and the avoidance
of crowds {except at school}. .

To protect the privacy of the children surveyed, we did not collect
information regarding underlying or chronic diseases; instead, we queried
the number of days of absence from school because of poor health before
this survey (April-October 2008), as an indicator of the child’s general
state of health prior to the study period.

In our study, a child affected by influenza was defined as a child
diagnosed with influenza or suspected to have influenza by medical doctors
on the basis of clinical signs (such as fever, cough, arthralgia, runny nose,
and headache) and antigen test results. The antigen test was performed by
an immunochromatographic assay using a nasopharyngeal swab specimen
with ~85% sensitivity and 100% specificity for the influenza virus type A
and B antigens (23,24).

The risk of influenza infection by household transmission was
evaluated using the following criteria. If one or more members of the
child’s household were suffering from influenza, the child was considered
to be at risk of influenza infection by household transmission. In other
words, if a child infected with influenza during the study period was not
the first influenza patient in hisher household, the risk of infection by
household transmission was considered present. However, if a child
infected with influenza during the study period was the first patient in the
household, the risk of household transmission was considered absent.

To confirm and avoid mixing the dara for the preventive measures used
before pupils were infected with influenza, those pupils infected with
influenza during the survey period were required to detail their circum-
stances before and after infection.

Statistical analysis. Statistical analyses were performed for the follow-
up data from the first and second questionnaires. For the frequency (d/wk)
and quantity (cups/d} of green tea consumption and the frequency of each
preventive measure, we calculated the mean of the data from the first and
second questionnaires for each serial registration number. For the fre-
quency of green tea consumption and each preventive measure in children

infected with influenza, we analyzed only the data acquired before
infection {i.e. the data of the measures undertaken to prevent infection).

For the frequency (d/wk) of green tea consumption and each preventive
measure, we further classified the data into the following 3 categories: <3
d/wk (considered as sometimes or less); 3 to <6 d/wk (often); and >6 d/wk
{almost every day). We classified quantity (cups/d; 1 cup = 200 mL) of
green tea consumption into the following 4 categories: <1, 1 to <3, 3-5,
and >5 cups/d.

It is difficult to determine the frequency of wearing a mask, because
masks tend to be worn only during the fixed period when influenza is
prevalent; therefore, we classified mask usage for the prevention of in-
fluenza into 2 categories, i.e. used or not used.

We conducted logistic regression analysis to determine the association
between background factors or each preventive measure and the incidence
of influenza infection, Influenza infection was classified into 2 categories:
clinical influenza and confirmed influenza. Clinical influenza included all
children diagnosed with influenza or suspected to have influenza by
medical doctors on the basis of clinical signs, regardless of an antigen test
being conducted or its result {i.e. positive ot negative). Confirmed influenza
included only children confirmed by medical doctors to have influenza
based on a positive antigen test.

Next, we conducted logistic regression analysis to determine the
association between the consumption of green tea and the incidence of
influenza infection. We used forced-entry methods in 2 mulrivariare logistic
regression models to include plausible confounding factors. Model 1 was
adjusted for background factors [age, gender, the number of days of absence
from school because of poor health before this survey (April-October
2008), and the risk of influenza infection by household transmission],
influenza vaccination status, frequency of hand hygiene, and facemask use,
which are the most commonly used methods for influenza prevention.
Model 2 was adjusted for all of the confounding factors of Model 1, as well
as gargling, nourishment, sleep, thermal insulation, bumidification, venti-
lation, and avoiding crowds (except at school), which are recommended for
the prevention of influenza (11~14). The prophylactic use of neuraminidase
inhibitors is not common in Japan and is not covered by medical insurance
and therefore we did not include this as a confounding factor in our
analysis.

To determine the association between the consumption of green tea
and the number of days of absence from school because of influenza
infection, we conducted linear regression analysis for confirmed influenza
and clinical influenza. For multiple regression models, we also used forced-
entry methods to include plausible confounding factors such as back-
ground factors [age, gender, the number of days of absence from school
because of poor health before this survey was conducted (April-October
2008)], influenza vaccination status, and antiviral status for influenza
treatment, which are known to mitigate the symptoms of influenza and
facilitate recovery (6-10). We excluded from our analysis any child in-
fected with influenza during a holiday or winter vacation who was
therefore not classified as being absent from school.

All statistical analyses were performed using SPSS for Windows,
version 17.0 (SPSS). P < 0.05 was considered significant.

Results

Incidence of influenza infection
An endemic scasonal outbreak of type A influenza was widespread
in Japan throughout the study period {from November 2008 to
February 2009}. Of the 2663 pupils to whom the survey was
administered, 2395 completed the details of their state of health
before completing the questionnaire survey, 2476 completed the
first questionnaire, and 2119 completed the second questionnaire.
We excluded 613 pupils excluded from the final analysis either
because of noncompletion of the 2 questionnaires or because of
missing data, including that of the main outcome measures. Thus,
2050 pupils {response rate, 77.0%; age range, 6-13 y) were
included in the final analysis (Supplemental Fig. 1).

The number of reported episodes of clinical influenza infec-
tion was 241 (11.8%), of which 204 (10.0%) were confirmed by
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TABLE 1 Distribution of green tea consumption by demographic and potential confoundin
factors for elementary schoolchitdren in Kikugawa City, Japan'?

g factors and OR for the incidence of influenza infection according to confounding

eleded v98L

Green tea consumption {dAwk)

Incidence of influenza infection

Green tea consumption® (cups/d) Confirmed flu* Clinical fiu®
<3 3to <6 26 <1 110 <3 3-5 >5 n OR 95%C1 OR 95%C1
Respondent, & n (%) 392 (20.1) 530 {27.1) 1032 (52.8) 597 (38.7) 595 {38.6) 316 {20.5) 35(23) — — - — —
Influenza infection status
Confirmed influenza infection, 7{%) 47 (120 53 (10.0) 88 (85) 79(13.2) 50 (8.4) 261{8.2) 7{20.0) — - — — —
Clinicat nfluenza infection, n (%) 55 (14.0) 67 (12.6) 99 (96) 95 {15.9) 61 {10.3} 2818.9) 7 (20.0) - — — — —
Bassline characteristics
Age 2040 087 0.80, 0.95 0.8 0.82, 0.96
n 390 529 1026 594 592 316 35
Age, y 91 =17 94 =17 93+ 17 92 =17 93 =17 95 =17 95+ 1.9
Days absent from schoo! {Apr-Oct, 2008) 1937 1.05 0.98, 1.12 112 104,120
n 366 493 982 560 567 297 35
Schoal absencs, d 1.0=28 0814 08 =15 08 =22 0B =15 0713 12 =20
Sex
n 392 830 1032 597 593 316 35
Male, % 556 464 413 52.8 469 437 428 991 1.00 Reference 1.00 Reference
female, % 444 536 527 471 53.1 56.3 57.1 1059 078 0.58, 1.04 081 062, 1.05
| Risk of influenza infection by household transmission
) n 385 516 1024 583 589 313 34
S No risk,% 8439 843 854 83.7 82.9 87.8 91.2 1710 1.00 Reference 1.00 Reference
| Risk, % 151 15.7 146 163 171 121 88 303 280 2.00, 3.91 252 183,347
Preventive measures for influenza infection
Influenza vaccination status
n 376 516 1016 580 585 308 3
Not vaccinated, % 428 483 408 445 431 418 35.3 854 1.00 Reference 1.00 Reference
Vaccinated, % 57.4 517 594 55.5 56.9 584 64.7 14 1.20 0489, 1.62 118 0.89, 1.56
Facemask use
n 355 497 976 558 562 297 kL
No use, % 707 64.8 66.1 69.0 64.8 66.0 55.9 1268 1.00 Referencs 1.00 Reference
Use, % 283 352 339 310 352 340 441 636 094 069, 1.30 0.96 071,128
Hand hygiene
n 302 433 866 488 504 256 32
<3 d/wk, % 43 25 1.3 4.1 12 20 0.0 37 1.00 Reference 1.00 Referance
3to < 6d/wk, % 18.9 189 18 172 145 128 0.0 252 0.70 0.25,1.97 1.00 0.36,2.74
=6 d/wk, % 758 785 87.0 787 843 85.2 100 1353 on 0.27, 185 0.83 032,218
Gargling
n 384 510 1020 586 588 312 33
<3 diwk % 26.6 243 17.2 24 15.6 167 21.2 434 1.00 Referance 1.00 Reference
Jto <6k % 298 33.3 257 288 287 266 121 573 0.98 0.85, 1.48 113 077,166
=6 d/wk, % 435 424 512 471 556 56.7 66.7 993 0.96 0.66, 1.40 0.99 069, 1.41

{Continued)
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TABLE 1 Continued

Green tea consumption (d/wk)

Green tea consumption® (cups/d)

<3

Incidence of influenza infection

Confirmad fiu*

Clinical fiu®

Jto <6 =6 <1 110 <3 3-5 >5 n OR 95%Cl OR 95%ClI

Sufficient nourishment

n 357 499 978 559 567 297 u

<3 d/wk, % 95 12 56 73 69 5.1 88 135 1.00 Reference 1.00 Reference

3ta < B gk % 188 176 177 190 192 16.2 17.6 340 096 052,179 0.84 0.47, 150

=6 gk, % ni 752 76.7 737 738 788 35 1438 07 044,133 0.78 047,130
Sufficient sleep

n 361 501 987 563 571 300 34

<3 d/wk, % 105 82 74 96 6.0 8.3 8.8 159 1.00 Reference 1.00 Reference

3to < 6 dwk % 266 337 268 30.2 305 26.7 265 546 1.10 0.62, 1.97 097 0.57, 163

=6 d/wk % 62.9 58.1 65.8 60.2 636 65.0 64.7 1222 083 0.54, 1.61 0.80 0.48,1.30
Thermal tnsulation

n 355 500 980 555 570 293 3

<3 d/wk, % 194 134 13.1 173 130 9.0 30 279 1.00 Reference 1.00 Reference

3to <6 dwk % 169 1756 127 155 156 1.0 15.2 282 157 0.86, 2.87 1.63 094,283

=6 d/wk, % 637 69.0 74.3 67.2 74 799 818 1343 1.55 0.94, 255 1.48 093,233
Humidification

n 359 496 987 559 51 301 34

<3 d/wk % 60.4 B2.7 59.8 59.7 59.0 538 5.8 1157 1.00 Reference 1.00 Reference

Jto<Bdivk % 142 125 108 1586 17 1.3 59 230 148 095, 2.3t 1.32 087,202

=6 d/wk % 253 248 294 247 292 283 35.3 529 137 0.97, 1.92 1.23 0.90, 1.69
Ventilation

n 360 498 963 561 571 299 34

<3 d/wk, % 358 308 274 335 278 21 206 575 1.00 Reference 1.00 Reference

3to <6 diwk % 231 271 210 248 245 184 284 442 117 074,183 120 0.80, 181

=6 dfwk, % 411 420 51.7 4.7 476 §9.5 50.0 899 1.58 1.09,2.28 1.44 1.03,2.03
Avoiding crowds®

n 354 496 970 555 560 298 33

<3 diwk, % 63.0 578 58.9 58.7 56.8 59.7 424 1126 1.00 Reference 1.00 Reference

3to < B diwk % 232 246 249 259 263 2.8 303 460 0.84 057, 1.22 0.95 0.67,1.34

=6 dk % 138 175 16.2 153 170 15.4 273 305 0.96 0.63, 1.46 1.02 0.69, 1.51

' Values are mean * SD, number, or percentage.

2 Data were collected from November, 2008 to February, 2009.

%1 cup = 200 mL.

9 Confirmed flu = laborstory confirmed influenza tnfection.
8 Clinical flu = clinically defined infiuenza infection.

€ Of the 2050 pupils analyzed, 96 responses for dfwk and 507 for cup/d were missing.

7 Absent due to illness only.

® Avoiding crowds, except at school,



TABLE 2 OR (95% Cl) for the incidence of influenza infection for elementary schoolchildren in Kikugawa
City by level of green tea consumption (d/wk}

Green tea consumptian (d/wk)

<3 3te <6 =6
n OR n OR 95% Ci P n OR 95% Ci P

Confirmed influenza

Unadjusted 392 1.00 530 082 054124 (.34 1032 068 0.47,100 005

Mode! 1' 20 .00 391 063 033 104 007 801 0.60 039,092 007

Modsl 22 258 100 373 062 037,105 007 765 0,60 039,095 003
Clinical influenza

Unadjusted 392 1.00 530 083 060,130 054 1032 065 046,092 002

Modsl 1! 270 1.00 3 077 049123 027 801 062 041,093 002

Madel 2 259 1.00 3 076 047, 1.23 0.26 765 0.63 0.41, 097 0.03

1 Adjusted for potential confounding variables of baseline characteristics {listed in Table 1), influenza vaccination status, facemasks, and

frequency of hand hygiene.

2 Adjusted for all potential confounding variables of baseline characteristics and preventive measures iisted in Table 1.

the antigen test (185 cases of influenza A; 18 cases of influenza B;
1 case of combined influenza A and B). No children were hospi-
talized during this period.

Green tea consumption and the incidence

of influenza infection

Distribution and confounding factors. Of the 2050 pupils
analyzed, 1954 (73.5%) answered the question regarding the
frequency of green tea consumption (d/wk) and 1543 (57.9%)
answered the question regarding the quantity of green tea
consumption {cups/d). More than 50% of respondents drank
green tea at a frequency of >6 d/wk (Table 1). For the quantity
of green tea consumption, a large number (77.3%) of pupils
drank <1 cup/d and 1 to < 3 cups/d, with approximately the
same number of pupils in each group. For all categories of green
tea consumption, >50% of pupils had undergone influenza
vaccination.

Age was inversely associated with the incidence of confirmed
and clinical influenza infection (Table 1). The number of days of
absence from school because of poor health before the survey
{April-October 2008} was associated with the incidence of
clinical influenza infection. The risk of influenza infection by
houschold transmission was strongly associated with the inci-
dence of confirmed influenza [OR = 2.80 (95% ClI = 2.00-3.91);

P < 0.001] and clinical influenza infection [OR = 2.52 (95%
Cl = 1.83-3.47); P < 0.001]. However, general preventive
measures, such as influenza vaccination, hand hygicne, and the
use of facemasks, were not associated with the incidence of
influenza infection. Paradoxically, ventilation was associated
with the incidence of influenza infection.

Frequency of green tea consumption {d/wk} and influenza
infection. The incidence of clinical and confirmed influenza was
inversely associated with the consumption of green tea for =6
d/wk compared with <3 d/wk (Table 2). In the multivariate
logistic regression model 1, the adjusted OR inversely associated
with the consumption of green tea for =6 d/wk compared with
<3 d/wk were 0.60 [(95% CI = 0.39-0.92); P = 0.02] and 0.62
[(95% CI = 0.41-0.93); P = 0.02] in cases of confirmed and
clinical influenza, respectively. In model 2, the adjusted OR
associated with the consumption of green tea for =6 d/wk
compared with <3 d/wk were 0.60 [(95% CI = 0.39-0.95); P =
0.03] and 0.63 [(95% CI = 0.41-0.97); P = 0.03] in cases of
confirmed and clinical influenza, respectively.

Quantity of green tea consumption (cups/d) and influenza
infection. The incidence of clinical and confirmed influenza was
inversely associated with the consumption of 1-3 cups/d of green

TABLE 3 OR (95% CI) for the incidence of influenza infection for elementary schoolchildren in Kikugawa City by level of green tea

consumption {cup/d)

Green tea consumption {cups/d)’

<1 1t <3 35 >5
n OR n OR 95% C! P n OR 95% Cl P n OR 95% Cl P

Confimned influenza

Unadjusted 597 100 595 060 041,087 0008 316 059 037,094 003 35 164 089,388 026

Model 12 43%  1.00 463 062 041,085 003 237 054 030,084 003 31 142 051,397 050

Model 23 416 1.00 445 062 039,096 003 231 050 028,090 002 29 133 046,385 060
Clinical influenza

Unadjusted 597 100 595 060 043,085 0004 316 051 033,080 0003 35 132 058,311 052

Moade! 12 436 1.00 463 065 043,097 003 237 054 031,082 002 31 122 044,338 070

Model 2° 416 1.00 445 064 042,097 004 231 051 029,083 002 29 117 040,338 077
"1 cup = 200 mL.

2 Adjusted for potential confounding variables of baseline characteristics (listed in Tabie 1), influenza vaccination status, facemasks, and frequency of hand hygiene.
2 Adjusted for all potential confounding variables of baseline characteristics and preventive measures listed in Table 1.

1866 Park etal.

- 204 -



- 502 -

sixejAydosd LOROBIUI BZUSNUI PUB BS) USRI

1

98

TABLE 4 Distripution of green tea coqsumption iby demaographic and potential confounding factors and regression analyses of the days of absence from school following influenza
infection and each confounding factor in 204 patients {confirmed influenza) and 241 patients (clinical influenza) for elementary schoolchildren in Kikugawa City, Japan'?

Green tea consumption (d/wk)

Green tea consumption® (cups/d)

Oays of absence from schoal by influenza infection

<3 310 <6 =6 <1 1o <3 3-5 >5 i F B P
Respondent®
Confirmed flu, A 47 53 88 3 50 26 7 —_— — — —
Clinical flu, n 55 67 99 95 61 28 7 — — — —_
Schoot absence days by influenza infection
Confirmed flu, d 42+ 14 3414 3615 39 =15 34=14 38+20 37=15 — — — —
n 47 52 87 78 50 25 7
Clinical fly, 44 £ 20 35%15 3715 41 +£18 3614 39+20 3715 - — — —
n 55 65 98 93 61 27 7
Age
Confirmed flu, y 8014 8014 90 =18 8015 90+18 92x18 90 =17 00 2.84 ~012 0.09
n 47 53 87 79 49 26 7
Clinical flu, y 90+ 14 BS =14 91 *17 80 15 91 =18 81%17 90 = 1.7 0.01 2.85 -0 0.08
n 55 67 98 95 80 28 7
Sex
Canfirmed flu, n a7 83 88 79 50 26 1 <0.01 0.07
Male, % 57.4 50.9 54.5 5.0 520 61.5 429 Reference Refarence
Female, % 426 491 455 430 480 385 57.1 -0.02 0.80
Clinical fiu, n 55 67 99 95 81 28 7 <0.01 0.03
Male, % 58.2 493 §3.5 647 492 84.3 429 Reference Reference
Female, % 418 50.7 46.5 453 50.8 387 57.1 0.0 0.86
Days absent from school (Apr-Oct, 2008/ )
Confirmed flu, d 08218 09 =13 09 =13 09 =15 1013 0610 05 1.0 <0.01 121 0.8 0.27
n 5 51 83 75 50 24 7
Clinical flu, d 18 =58 08=+13 1019 14 =45 1322 06=x10 06 =10 0.11 2747 " 033 < 0.001
n 52 64 94 89 61 26 7
Influenza vaccination status
Confirmed flu, n 45 51 88 76 59 26 7 .03 B.15*
Not varcinated, % 489 471 302 46.1 320 348 143 Reference Reference
Vaccinated, % 51.1 529 63.3 539 B8.0 5.4 85.7 ~0.18 0.01
Clinical flu, n 50 65 9 89 61 28 7 0.02 479"
Not vaccinated, % 46.0 46.2 323 438 328 393 143 Reft Refer
Vaccinated, % 540 53.8 67.7 56.2 67.2 60.7 857 -0.14 0.03
Antiviral status®,
Confirmed flu, n a5 53 88 78 50 26 7 <0.01 < 0.0t
No prescribed antivirais, % 130 132 125 154 100 192 00 Ref R
Prescribed antivirals, % 870 86.8 875 84.6 900 80.8 100 ~0.004 0.96
Clinical flu, n 54 66 98 93 63 28 7 <0.01 0.08
Not prescribed antivirals, % 130 16.7 153 172 150 179 c.0 R A
Prescribed antivirals, % 870 - B33 847 628 85.0 82.1 100 ~0.02 0.78

1 values are mean + SD, number, or percentage. * P < 0.05, ***P < 0.001.
2 Data were collected from November, 2008 to February, 2009.

31 cup = 200 mL..

4Ot the 204 pupils analyzed for confirmed influenza, 16 responses for d/wk and 42

S Absent due to illness only.

& The antiviral status of neuraminidase inhibitors such as oseltamivir {Tamifiu) or zanamivir (Relenza) for the treatment of influenza infection.

for cup/d were missing. On the other hand, of the 241 pupils analyzed for clinical influenza, 20 responses for diwk and 50 for cup/d were missing.



TABLE 5 Regression analysis of the days of absence from school following influenza infection and
green tea consumption {d/wk]} for elementary schoolchildren in Kikugawa City

Green tea consumption {d/wk)

<3 3to <6 =6
R F n n J:} P n B P

Confirmed influenza

Simple regression 0.04 4.34* 47 52 -0.25 0.005 87 -0.20 0.03

Muttiple regrassion’ 0.1 285" 2 43 -027 0.004 81 -0.17 0.07
Clinical influenza

Simple regression 0.05 5.38** 55 65 —-0.26 0.002 98 -0.21 0.01

Multiple regression” 0.23 8.24%** 46 61 -0.20 0.02 9 -0.10 0.25

! Reference group.

2 Adjusted for all potential confounding variables that are listed in Table 4: age, sex, schoo' absence days before this survey, influenza
vaccination status, and antiviral status, *P < 0.05, **P < 0.01, ***P < 0.007.

tea compared with <1 cup/d of green tea (Table 3). In the
multivariate logistic regression model 1, the adjusted OR
inversely associated with the consumption of 1 to <3 cups/d
and 3-5 cups/d compared with <1 cup/d were 0.62 [(95% CI =
0.41-0.95); P = 0.03] and 0.54 [(95% CI = 0.30-0.94); P =
0.03], respectively, in the case of confirmed influenza, and 0.65
[{(95% CI = 0.43-0.97); P = 0.03] and 0.54 {{95% CI = 0.31-
0.92); P = 0.02], respectively, in the case of clinical influenza.
The results of model 2 were in agreement with those of model 1.
However, the consumption of >5 cups/d of green tea was not
associated with the incidence of influenza infection in any of the
regression models.

Green tea consumption and days of absence from school
following influenza infection. The mean length of absence
from school because of influenza infection was 3—4 d. Antiviral
drugs for influenza treatment were prescribed to >80% of
patients at all green tea consumption levels (Table 4). Regression
analyses for the days of absence from school following influenza
infection and each confounding factor revealed that influenza
vaccination appeared to be somewhat effective in terms of
decreasing the length of absence from school following influenza
infection; however, the R? value was very low (B coefficient:
—0.18, P =0.01, R* = 0.03 for confirmed influenza; B coefficient:
—0.14, P = 0.03, R? = 0.02 for clinical influenza).

Multiple regression analysis for the days of absence from
school following influenza infection and the frequency of green
tea consumption (d/wk) showed that the consumption of green

tea for 3 to <6 d/wk inversely affected the days of absence from
school following influenza infection compared with the con-
sumption of green tea for <3 d/wk in clinical and confirmed
influenza; however, the R? value was low (8 coefficient: —0.27,
P = 0.004, R? = 0.11 in confirmed influenza; B coefficient:
—0.20, P = 0.02, R? = 0.23 in clinical influenza) (Table 5).
Multiple regression analysis for the days of absence from school
following influenza infection and the quantity of green tea
consumption (cups/d) revealed no association for any level of
green tea consumption (Table 6).

Discussion

The findings of our observational study reveal that the con-
sumption of 1-5 cups of green tea on an almost daily basis {i.e.
=6 d/wk) is inversely associated with the incidence of influenza
infection in elementary schoolchildren.

These findings are supported by previous research, which
documented the prevention of influenza infection via the
antiviral effects of green tea catechins and the enhancement of
systemic immunity of theanine (20-26). Experimental studies
have demonstrated that tea catechins bind to the hemagglutinin
molecule of the influenza virus and also inhibit viral adsorption
to Madin-Darby canine kidney cells, thus providing an insight
into the mechanisms by which tea catechin extracts inhibit the
influenza virus (20-22,27). Rowe et al. (25) reported that the
consumption of tea catechins and theanine enhances systemic
immunity (¥5 T-cell function) and prevents the occurrence of

TABLE 6 Regression analysis of the days of absence from school following influenza infection and
green tea consumption {cups/d} for elementary schoolchildren in Kikugawa City

Green tea consumption (cups/d)’

<1? 1to <3 35 >5
4 F n n B P n 8 P n B P

Confirmed influenza

Simple regression 0.02 1.28 78 50 -0.16 0.05 % -0.04 0.64 7 —-0.03 073

Multiple regression® 008 1355 " 49 -0 012 23 002 086 7 00 092
Clinical influenza

Simple regression 0062 118 93 61 -014 006 27 004 060 7 -0.04 059

Multiple regression® 0.24 6.35*** 81 59 ~008 024 25 0.01 0.84 7 0.02 083

"1 cup = 200 mL
2 Reference group

3 Adjusted for all potential confounding variables, which are listed in Table 4; age, sex, school absence days before this survey, influenza

vaccination status, and antiviral status. ®2*P < 0.001.

1868 Park et al.
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cold and flu symptoms in healthy adults. Farthermore, the
application of green tea catechins as alternative antiinfluenza
viral agents has been suggested (28). Recently, Kuzuhara et al.
{29) reported that green tea catechins inhibit the endonuclease
activity of influenza A virus RNA polymerase and that their
galloyl group is important for this function; docking simulations
revealed that catechins with a galloyl group stably bound to the
active pocket of the endonuclease domain. These results could
facilitate the refining and optimization of catechin-based drug
designs with increased stability. The antiinfluenza effects of
strychnine and caffeine, which are components of green tea,
have also been documented (30-32).

Interestingly, we found that the consumption of >5 cups/d
{1000 mL) of green tea was not associated with the incidence of
influenza infection in elementary schoolchildren. However, the
number of children who consumed >5 cups/d of green tea was
much lower than that of the other groups and it is possible that
this reduced the statistical validity. Green tea is recognized as a
healthy beverage worldwide and its safety for human consump-
tion is supported by the fact that Asians have been drinking it for
~1000 y. Nevertheless, the harmful effects of overconsumption
of green tea have also been reported. According to a recent
review {33}, liver damage caused by a high level of green tea
consumption {or concentrated green tea extracts) has been found
to occur. The reviewers suggested that the ingestion of concen-
trated green tea extracts along with food minimizes the possible
risk of liver damage; however, they also noted that this proposal
does not pertain to traditional green tea infusions or other
beverage preparations. Caffeine is a component of green tea, and
caffeine toxicity in children is manifested by severe emesis,
tachycardia, central nervous system agitation, and diuresis.
Furthermore, chronic exposure to caffeine has been implicated
in a range of dysfunctions involving the gastrointestinal, liver,
renal, and musculature systems (34). Considering these obser-
vations together, the adverse effects of excessive consumption
may have affected the immunity of the children included in our
survey. A further large-scale study should be performed to assess
the safety of green tea consumption by children.

The geographical region where we conducted our study is one
of the highest tea-producing regions of Japan. Adults and children
living in this area are accustomed to drinking green tea after each
meal, not only at home but also at school. The levels of daily green
tea consumption for the children included in our survey were
approximately the same as those for average Japanese adults
{35,36), possibly because of this specific geographical circum-
stance. We collected green tea samples from 8 randomly extracted
families from different schools and analyzed the quantities of
primary bioactive components (i.c. catechins and caffeine) using
HPLC (37). We found that the mean concentrations of total
catechins and caffeine were 137  66.8 mg/cup (range, 56.6-272
mg) and 36.5 = 21.4 mg/fcup (range, 14.0-79.2 mg), respectively
(M. Park, H. Yamada, K. Matsushita, T. Goto, Y. Okada, and T.
Kitagawa, unpublished data). Although the proportions of
bioactive components varied widely in each sample, it is clear
that some children may have consumed extremely high amounts
of catechins and caffeine. Warzak et al. {38) suggested that the
caffeine content of green tea would cause sleep disturbance in
children at consumption quantities of 1-5 cups/d. In our survey,
the children included did not manifest sleep disturbance (Table 1)
despite consuming high caffeine concentrations. It is possible that
these children had induced caffeine resistance due to growing up
in a high tea-producing region.

The days of absence from school following influenza infec-
tion showed a tendency to decrease in relation to the frequency

{dfwk) of green tea consumption; however, the R? value was very
low. It is possible that the days of absence from school were not
always in accordance with the recovery period. We excluded
from our analysis any child who was infected with influenza
during a holiday or winter vacation. However, it is possible that
the number of days of absence from school were fewer than the
actual influenza-affected period, because of holidays or winter
vacation days being included in the affected period. A further
interventional study should be performed, with accurate assess-
ment of the number of affected days and degree of symptoms, to
examine the reduction in influenza symptoms by green tea
consumption.

Our study had certain limitations. First, the data for the pre-
ventive measures (i.e. the frequency and, particularly, the quantity
of green tea consumption) contained several omissions in re-
porting. It may have been difficult for pupils or their parents to
recall their activities over a 2-mo period and to make an accurate
assessment of consumption; thetefore, the questionnaire may
have been difficult to complete. Second, we were not able to ex-
clude some bias, i.c., whether respondents were systematically
different from nonrespondents (i.e. interest for participation in the
study or intelligence of parents and children), and how much the
children’s answers were influenced by the parents’ participation.
Third, the benefit of green tea consumption for influenza infection
was accessed by multivariate regression models adjusted for plau-
sible confounding factors (one of which, the risk of influenza
infection by household transmission, was very strong). However,
there may be other confounding factors that we did not anticipate,
because the setting of this survey was restricted to a tea plantation
area of Japan, the environment of which differs from that of other
regions. Finally, contrary to the results of green tea consumption,
general preventive measures (such as influenza vaccination, hand
hygiene, and the use of facemasks) were not associated with the
incidence of influenza infection. Paradoxically, ventilation was
associated with the incidence of influenza infection. Based on this
result, it would be helpful to include a more accurate definition of
“ventilation” in the survey questions.

In conclusion, our findings suggest that the consumption of
1-5 cups/d of green tea may prevent influenza infection in
elementary schoolchildren. However, our results may be re-
stricted to the participating children living in a specific geo-
graphical region of Japan. Further clinical studies, including
randomized controlled trials, are required to confirm the pre-
ventive effects of green tea consumption on influenza infection,
including the number of affected days and degree of symptoms,
as well as to assess the safety of green tea consumption by
children.
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Effects of Short-Term Consumption of a Large
Amount of Tea Catechins on Chromosomal
Damage, Oxidative Stress Markers, Serum Lipid,
Folic Acid, and Total Homocysteine Levels :

A Randomized, Double-Blind, Controlled Study
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Objective : To evaluate the effects of short-term consumption of a large amount of tea catechins on chromosomal
damage, oxidative stress markers, serum lipid, folic acid. and total homocysteine levels in middle-aged healthy
volunteers.

Methods : Forty volunteers (40-63 years) participated in a randomized, double-blind study. After a l-week
washout, the catechin group consumed approximately 1069 mg/day of total catechins for 1 week. The
micronucleated binucleate cells (MNi) frequency in the cytokinesis-block micronucleus cytome assay, urinary &
hydroxydeoxyguanosine (8-OHdG), isoprostane, lymphocyte and plasma vitamin C, serum lipid, folic acid, and
total homocysteine levels were measured at the beginning and end of the intervention.

Results : No significant differences were observed between the catechin and placebo groups in terms of MNi
frequency. urinary 8-OHdG, isoprostane, or lymphocyte and plasma vitamin C levels. The serum LDL-cholesterol
level in the catechin group significantly decreased compared with pre-intervention period, and there was a
decreased tendency in the catechin group compared with the placebo group, but the difference was not
significant (P=0.105:. The serum folic acid level decreased (P=0.073) and the total homocysteine level
significantly increased in the catechin group (P=0.029). No serious adverse events were observed during the
study.

Conclusions : A large amount of tea catechins, which corresponds to approximately 10 cups of green tea per day
for 1 week, seemed to be well tolerated, and did not influence chromosomal damage and the oxidative stress
markers, Further long-term and large-scale studies are required to clarify the long-term effect of the
consumption of a large amount of tea catechins on these markers as well as on improving dyslipidemia.

Trial Registration : ClinicalTrials. gov ID, NCT00448513

Key words : catechins, chromosomal damage. oxidative stress, LDL-cholesterol, dyslipidemia

consumed in Europe and North America. Green tea,

Introduction . . . . .

t which is mainly consumed in Asian countries such as
Tea has been consumed since ancient times and is China, Korea, and Japan. In the processing of green

one of the most popular beverages around the world, tea fresh leaves, the leaves are steamed or pan-dried

second to water. About 80% of the tea production at a high temperature right after plucking, resulting
worldwide is black tea. which is the main tea beverage in minimal oxidation of the naturally occurring

Address for Correspondence : YAMADA H. Department of Drug Evaluation & Informatics, Graduate School of Pharmaceutical
Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan
{Manuscript received February 1, 2011 ; revised December 10, 2011 ; accepted December 16, 2011)
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catechins in the tea leaves. In general, the amount
of catechins in green tea is relatively high, up to
30% of their dry weight. The major catechins
are (+)-catechin (C), (—)-epicatechin (EC),
(+)-gallocatechin (GC), (- )-epigallocatechin (EGC),
(-) catechin gallate (Cg), (—) -epicatechin gallate
(ECg). (-)-gallocatechin gallate (GCg). and
(- )-epigallocatechin gallate (EGCg)". In green tea,
particularly, a high amount of EGCg constitutes
approximately 50 to 60% of the total tea catechins.

A considerable amount of scientific research on tea
has been conducted over the past several decades®?,
and it has revealed that tea catechins exert various
physiological effects that are beneficial to human
health, such as antioxidative effect'™”, anticarcinogen-
ic effect®, reduction of dyslipidemia® ", antiobesitic
effect'”, reduction of high blood pressure™’, antibacte-
rial effect'™, antiviral effect'”, and antiallergic effect™.
With regard to the antioxidative effect, Sugisawa et
al. ® reported in an #n witro study that physiological
concentrations of EGCg less than 1 gmol/L are not
genotoxic, but can prevent reactive oxygen species-
induced chromosomal damage. Hakim et al. "reported
in a clinical study that after 4 months of drinking 4
cups of decaffeinated green tea per day, urinary 8-
hydroxydeoxyguanosine (8-OHdG), which is one of
the oxidative stress markers, significantly decreased.
With regard to reduction of dyslipidemia, Koo and
Noh™reported that green tea or catechins inhibited
the intestinal absorption of dietary lipids. Davies et
al. Preported that 5 cups of tea per day for 3 weeks
reduced the-total and LDL cholesterol levels. Accord-
ing to well-controlled designs, however, there is little
clinical evidence of chromosomal damage, antioxida-
tive effect or reduction of dyslipidemia after a large
amount consumption of purified tea catechin extracts.

Among the green tea components, catechins may
be important with respect to obtaining an antioxidant
effect or reducing dyslipidemia. Therefore, more rapid
and greater effects would be obtained if large
amounts of catechins or purified catechins are
administered. On the background, a randomized,
double-blind, controlled study was performed to
evaluate the influence of short-term consumption of a
large amount of tea catechins on chromosomal
damage, oxidative stress markers, and serum lipid
levels in middle-aged healthy volunteers.

Materials and Methods

Subjects

Volunteers of either sex, who were between 40 and
65 years of age, were recruited from the local area of
Shizuoka city where the research was performed. The
intervention started in November 2007 and ended in
August 2008. Volunteers were excluded if they were
taking any medications or drugs, if they had allergies
to tea or catechins, if they were pregnant women, or if
they were taking any dietary supplements containing
antioxidants (e.g, vitamin E) or folic acid in the
previous 3 months. They were also prohibited from
taking these supplements during the entire course of
the study.

The study was approved by the ethics committee of
the University of Shizubka and Shizuoka General
Hospital, in accordance with the Declaration of
Helsinki, Written informed consent was obtained from
the subjects before entering the study.

Design and Intervention

The study was a randomized, double-blind, placebo-
controlled, parallel-group design with 1 week of
intervention preceded by a l-week washout period.
After the 1-week washout period, the subjects were
randomly divided into 2 groups, namely, the catechin
group and the placebo group, by using computer-
generated random numbers. Randomization was
carried out with a stratified block method, and sex and
smoking status were selected as stratified factors.
During the intervention period, the subjects took 3
capsules containing either catechins or placebo 3
times a day for 1 week. The subjects were instructed
to avoid taking the test capsules with meals, and they
took the capsules at certain intervals of 30 minutes or
more. During the 2 weeks including washout and
intervention periods, the subjects were not allowed to
drink any tea beverages containing catechins or take
any supplements that might affect either their
oxidative stress markers or serum lipids. The subjects
were also instructed not to make any changes to their
usual food intake, alcohol consumption, or physical
activity.

Usual tea drinking, alcohol consumption, smoking
habit, and physical activity were assessed by a
questionnaire at the baseline of random allocation.
The subjects were asked to record in their diaries any
test capsules taken, any adverse events, or any
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concomitant medications or supplements taken,

Test Substances

THEA-FLAN 90S (ITO EN, LTD. Tokyo, Japan),
containing about 70% gallated catechin, was used as
the test capsule for intervention. The catechin content
was measured with high-performance liquid chroma-
tography (HPLC)™. The total catechin content per 3
capsules was 356.48 mg, including 270 rg EGCg,
6.78 mg GCg. 71.39 mg ECg, and 4.09 mg EGC. In
the present study, the subjects allocated to the
catechin group took a total amount of 1069.44 mg
catechins per day. The placebo capsules were made
from inert ingredients and were identical to the active
capsules in color, appearance, weight, and odor.

Outcome Measures

All measurements were performed before and after
the intervention period. Blood and urine samples were
taken in the early morning after the subjects had
fasted overnight. Chromosomal damage in the periph-
eral blood lymphocytes was assayed using the
cytokinesis-block micronucleus (CBMN) method®®"
for cultured lymphocytes. Briefly, heparinized blood
from each subject was divided into two parts in
culture bottles. Whole blood (0.5mL each) was
added to 4.5mL of RPMI-1640 culture medium
supplemented with 10% fetal calf serum and 1%
antibiotics. The culture was immediately initiated by
adding 0.1 mL of phytohemagglutinin. Cytochalasin B
(final concentration 5.4 #g/mL) was added at 44
hours to induce binucleated cells. The cells were
harvested at 72 hours and treated with hypotonic
media for more than 2 min. Slides were prepared
using a cytocentrifuge (Shandon Southern Products :
Cheshire, UK). The slides were air-dried for 60 min,
fixed with absolute methanol, and then stained with
4% (v/v) Giemsa's solution in warter for 30 min.
Chromosomal damage rates were expressed as the
number of micronucleated binucleate cells (MNi) per
1000 binucleated cells.

The measurements of urinary 8&0OHdG and urinary
isoprostane levels were analyzed by enzyme immuno-
assay methods. For the measurements of vitamin C,
lymphocytes and plasma were prepared by centrifu-
gation and the Ficoll gradients method, then immedi-
ately treated with metaphosphoric acid (final 5% wt/
wt) to stabilize vitamin C?. These processes were
performed within 2 h under cooled conditions on ice to

ORIGINAL 11

obtain reliable data. The vitamin C samples were
stored at —80T until analysis, and the vitamin C
(ascorbic acid, reduced form) levels were measured
by HPLC with the electrochemical detector method®,
All samples were handled and stored similarly in both
groups.

EGCg and epigallocatechin-3-0-(3-O-methyl)-
gallate (EGCg3"Me) in blood samples was prepared
with ethyl acetate and analyzed by HPLC equipped
with a coulochem I electrochemical detector (ESA,
Inc., Bedford, MA)%,

Other blood and urine samples were analyzed by
SRL, Inc. independently. The parameters analyzed
included total cholesterol, LDL-cholesterol (LDL-cho),
HDL-cholesterol (HDL-cho), triacylglycerol (TG),
folic acid, total homocysteine, AST, ALT, r-GTP,
lactate dehydrogenase, total bilirubin, creatinine, total
protein, albumin, sodium, potassium, chloride, red
blood cell count, white blood cell count, hemoglobin,
hematocrit, and platelet count.

Safely Monitoring

Adverse events were collected from all subjects
who took at least 1 test capsule and were included in
the safety analysis. Clinical laboratory blood and urine
tests were performed and blood pressure and pulse
rates were measured during the pre- and post-
intervention period for safety monitoring.

Statistical Analyses
The observed values for each measurement and

change {value observed in the postintervention

minus that in the pre-intervention : A values) were
represented by mean (SD). The baseline characteris-
tics of the 2 groups were compared by Fisher's exact
test for categorical variables and an unpaired # test.
The significance of any inter-group difference in the
changes was tested by an unpaired ¢ test. The
correlation between the changes in the MNi frequen-
cy and the levels of catechins was tested by Pearson’s
correlation coefficient test. Intra-group comparisons of
the data obtained post-intervention period versus pre-
intervention were tested by the paired ¢ test.
Intergroup comparisons were tested by analysis of
covariance to determine if the differences between
the groups were significantly different. In each
analysis, a P value<0.05 was considered to be
statistically significant. A safety evaluation, such as
adverse events and abnormal findings from clinical
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Assessed for eliglbllity (n=41)

Excluded (n=1)
Not meeting excluslon criteria(n==1)
Refused to participate (n=0)
Other reasons (n=0)

Randomised (n=40)

Envoliment
Allocated to Placebo group (n=20)
Allocation Received allocated intervention (n=20)
Did not receive allocated
intervention (n=0)
|
Follow-up Lost to follow up(n=0)
Discontinued intervention(n=0)
|
Analysis Analysed n =20)
Excluded from analysis (n=0)

-

Allocated to Catechin group(n=20)
Received allocated intervention (n=20)

Did not receive allocated
intervention (n=0)

Lost to foliow up (n=0)
Discontinued intervention (n=0)

Analysed (n=20)
Excluded from analysis (n=0)

Fig. Flow chart of the study

laboratory tests, was performed using Fisher's exact
test and an unpaired ¢ test. All statistical analyses
were performed using R for Windows release 2.6.2
(R Development Core Team, 2008).

Results

The study flow chart is shown in Figure. Forty-one
volunteers were recruited. On the basis of the
exclusion criteria, a male volunteer was excluded
because of hepatic dysfunction, leaving 40 subjects to
be allocated randomly to the catechin group or the
placebo group. All 40 subjects completed the study.
and there were no withdrawals. Adherence with the
test capsules was 98.3% in the catechin group and
98.6% in the placebo group.

The baseline characteristics are presented in Table
1. All 40 subjects (17 men, 23 women), were Japanese,
aged between 40 and 63 years (49+6.7 years), and
had a mean body mass index of 21.1kg/m’ The
average of the subjects’ usual tea drinking was 591
ml./day, which corresponded to approximately 2
PET plastic bottles of commercial green tea in Japan.
No significant differences were observed among the 2
groups with respect to the values of the parameters
shown in Table1l, The plasma levels of catechins
(EGCg, EGCg3"Me) increased significantly in the

catechin group compared with that in the placebo
group (AEGCg, P<0.001 : AEGCg3 Me. P<0.001,
Table 2).

The chromosomal damage and oxidative stress
marker analysis data for each group are shown in
Table 3. An assessment of the MNi frequency in the
peripheral blood lymphocytes did not show a signifi-
cant difference between the groups (P=0.924).
There was no significant correlation between the
change in MNi frequency and plasma catechins
(EGCg, r=0.028, P=0.864 : EGCg3"Me. r=0.075, P
=0.645). Also there were no significant differences in
urinary 8-OHdG, isoprostane, lymphocyte and plasma
vitamin C levels between the 2 groups.

The serum lipid, folic acid, and total homocysteine
analyses data for each group are shown in Table 4.
LDL-cho was significantly decreased by 7.6% post-
intervention compared with pre-ntervention in the
catechin group (P=0.007), and there was a de-
creased tendency in the catechin group compared
with the placebo group (Table4, P=0.103). In
contrast, the TG level increased by 24.5% (P=0.104)
in the catechin group, and the TG level of the catechin
group was significantly different from that of the
placebo group (P=0.019).

Serum folic acid level was significantly decreased
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Table1 Baseline characteristics of subjects in the placebo and catechin groups

ORIGINAL 13

All subjects placebo catechin

n=40 n=20 n=20 Pvalue
Age (year) 49+6.7 49+6.9 49%6.7 0.963
Sex (Men/Women) 17/23 9/11 8/12 1.000
BMI (kg/m’) 21.1£2.7 21.3%2.7 20.8%2.7 0.557
Tea drinking (mL/day) 591+ 359 671+433 519+ 269 0.453
MNi frequency (%) 15.8+7.7 16.7+8.0 14.9#7.5 0.335
8-OHdG (ng/mg CRE) 4.6+2.9 5.0+3.0 4,329 0.402
Isoprostane (pg/mg CRE) 248.0+513.6 167.1+51.2 328.9+724.7 0.892
Lymphocyte vitamin C (nmol/mg protein) 22.6=5.8 22.8%6.0 22.4+5.7 0.655
Plasma vitamin C (zmol/L) 54.6+13.4 55.7+15.2 53.5%11.6 0.989
EGCg (ug/mL) 0.017+0.034 0.010+0.026 0.025+0.040 0.118
T-cho (mg/dL) 207.2+28.6 205.9%+29.9 208.5+28.0 0.778
HDL-cho (mg/dL) 66.7+14.7 65.8+13.2 67.7+16.4 0.681
LDL-cho (mg/dL) 121.9+27.7 121.4+29.3 122.5+26.7 0.902
TG (mg/dL) 93.2%55.5 97.4+69.1 89.1+38.9 0.968
Folic acid (ng/mL) 5.8%+2.1 6.1+x2.4 5.5%1.7 0.285
Total homocysteine {nmol/mL) 8.8+3.1 9.423.7 3.2+2.3 0.402

Data are expressed as mean (SD) or number. None of the differences between the groups were statistically significant.

Table2 Plasma levels of catechins

. Pre-intervention Post-intervention _ Pvalue (Difference
Variable Study group (PRE) (POST) Delta (POST-PRE, A) between groups)
placebo 0.03%0.04 0.01%0.03 ~0.01%0.04 .
EGCg (ug/ml) catechin 0.01%0.03 0.12£0.06 0.12£0.07 <0.001
. placebo 0.00£0.00 0.00+0.00 0.000.00 .
EGCg3"Me (ug/mL) catechin 0.000.00 0.080.03 0.08+0.03 <0.001

# 1 P<0.001, compared with placebo.

Table3d Effects of tea catechins on oxidative stress markers

placebo group (n=20).catechin group (n=20). A : delta values were calculated by subtracting the value of PRE from the value of POST.

Pre- Post P value Delta (POST- P value
Variable Study group intervention intervention (Difference € E A) (Difference
(PRE: {POST) within groups) . between groups)
. placebo 16.7+8.0 19.0+9.2 0.239 2.3x7.8
MNi frequency (%) catechin 14.927.5 17.529.7 0.144 2.56.9 0.924
placebo 5.0x3.0 3.9+1.7 0.055 -1.1+2.5
$OHIG (ng/mg CRE) catechin 4.3x2.9 1.2+3.3 0.409 -0.1x4.3 0.313
Isoprostane placebo 167.1x51.2 194.6+113.8 0.332 9.2+42.5 0.463
(pg/mg CRE) catechin 328.9+724.7 298.3+329.2 0.648 -30.7£220.6 ’
Lymphocyte vitamin C placebo 22.8+6.0 19.9%4.1 0.0227 -2.9%5.0 0.641
(nmol/mg protein) catechin 22.4%5.7 20.3+6.7 0.057 -2.1+4.3 ’
Plasma vitamin C placebo 55.7+15.2 50.7x14.5 0.083 -5.0+12.2 0.121
(umol/L) catechin 53.5+11.6 53.8+15.6 0.882 0.3x7.6 '

1 : P<0.05, compared with PRE (PRE vs POST).
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Table4 Effects of tea catechins on serum lipid, folic acid, and total homocysteine levels

. . Pre Post- P value Delta (POST- P value
Variable Study group intervention intervention (Difference PRE, A) (Difference
{PRE) (POST within group) g between groups)
placebo 205.9+29.9 202.2£27.9 0.269 -3.7+14.5
T dL )
otalcho (mg/dL) catechin 208.5£28.0  200.4%26.0 0.351 -8.2£14.7 0356
placebo 65.8+13.2 65.6+13.7 0.912 -0.2£6.0
HDL-ch )
L-cho (mg/dL) catechin 67.7+16.4 66.1+17.8 0.286 ~1.7%5.5 0.42
placebo 121.4+29.3 119.4228.2 0.503 ~2.0£13.1
LDL - .
<ho (mg/dL) catechin 122.5+26.7 113.2+23.1 0.007 -9.3213.7 0.105
placebo 97.4%69.1 82.1%51.1 0.086 ~15.3%41.7 .
TG )
(mg/dL) catechin 89.1+38.9 110.854.0 0.104 21.8+52.9 0.019
o placebo 6.1x2.4 6.3x2.6 0.563 0.2%x1.4
Folic acid (ng/mL) catechin 5.5%1.7 4.9%2.2 0.043 -0.5%1.1 0.073
Total homocysteine placebo 9.4x3.7 9.7+4.0 0.896 0.3%+1.6 0.029"
{nmol/mL) catechin 8.2+2.3 9.6%2.7 <0.001°" 1.4%1.2 )

placebo group (n=20), catechin group (n=20). A : delta values were calculated by subtracting the value of PRE from the value of POST.
T 1 P<0.05 T1 : P<0.01, TT1 : P<0.001, compared with PRE (PRE vs POST). * : P<0.05, compared with placebo.

by 9.1% postintervention compared with pre-
intervention in the catechin group (P=0.043), and
there was a decreased tendency between the 2
groups (P=0.073). The total homocysteine level was
significantly increased by 17.1% postintervention
compared with pre-intervention in the catechin group
(P<0.001), and there was a significant difference
between the groups (P=0.029).

No serious adverse events including laboratory
change were observed during the study. In both
groups, digestive symptoms appeared as an adverse
event, but were relativity mild (placebo group, soft
feces, n=1: catechin group, constipation, n=2),
There were no significant differences in adverse
events or laboratory results between the catechin and
placebo groups.

Discussion

It is generally known that DNA and chromosomal
damage are responsible for the initiation and evolution
of cancer and for the acceleration of aging®®. The
MNi frequency of the CBMN assay, which is one of the
main products of chromosomal damage, is measured
as a reliable high-sensitive genotoxic marker, and has
recently been attempted to be used as an oxidative
stress marker?’. We evaluated the MNi frequency in
middle-aged healthy subjects and observed no signifi-
cant differences between the catechin and placebo

groups. Therefore, the results showed that chromoso-

mal damage and genotoxicity were not accelerated
within a week of consuming a large amount of tea
catechins.

Urinary 8-OHdG is known to be the main product of
the oxidative damage of DNA, and urinary isopros-
tane is known to be one of the main products of the
oxidative damage of cell membrane®, Vitamin C is
known to be an antioxidant and can be measured as
an index of antioxidative potential™. To measure
vitamin C level, lymphocyte vitamin C was considered
to reflect the state of vitamin C stockpiling in tissues,
and was not easily influenced by diet or daily
circadian fluctuation®. We evaluated the antioxida-
tive effect by using the measurements of urinary 8
OHdAG, isoprostane, and lymphocyte and plasma
vitamin C levels, and showed no significant differen-
ces between the groups. The results might suggest
that these oxidative stress markers were not affected
during the short intervention period of a week, with
the amount of tea catechins used.

With regard to lipid regulation, LDL-cho in the
catechin group significantly decreased compared with
pre-intervention period, and there was a decreased
tendency in the catechin group compared with the
placebo group, but the difference was not significant
(P=0.105). There were no significant differences
between the groups in terms of either total or HDL-
cho levels, Conversely, the TG level significantly
increased in the catechin group. The serum TG level
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was influenced by various factors such as the recent
intake of food, beverage, and alcohol ; therefore, the
results need to be carefully interpreted. We calculated
the total energy and lipid levels in the diet of each
participant and found that these amounts widely
varied in each individual and in each period as
follows : The median total energy level was 1765 kcal/
day for the pre-intervention period (range, 453-2985
kcal/day) and 1744 kcal/day (range, 931-3002 keal/
day) for the intervention period. The median total
lipid level was 55 g/day (range, 11-136 g/day) for
the pre-intervention period and 54 g/day (range. 11-
122 g/day) for the intervention period. However. it
was reported that lipoprotein lipase (LPL), which
degraded TG to non-esterified fatty acid and glycerol,
was inhibited by tea catechins®™, which may indicate a
possible mechanism of TG elevation. However. it was
also reported that tea catechins inhibited the absorp-
tion of TG in the small intestines. and decreased the
serum TG levels”. Further clinical studies should be
performed with well-controlled diets for a few days
before blood sampling to elucidate the effect of tea
catechins on the serum TG levels.

Serum folic acid showed a tendency to decrease
with the consumption of tea catechins. Tea catechins
are reported to inhibit conjugase. an enzyme involved
in the absorption of folic acid. in the small intestine
epithelium®™. Therefore, the results support the
report that the absorption of folic acid was inhibited
by tea catechins. Moreover, the total homocysteine
level significantly increased by consuming tea cate-
chins. The serum homocysteine level is influenced by
folic acid, vitamin B6, and vitamin B12 ; of these. folic
acid is considered to be the main factor influencing the
serum homocysteine level. There was also a negative
correlation between folic acid and homocysteine
levels®. It was thought that the total homocysteine
level increased because of the decrease in folic acid
level in the catechin group. The results imply that folic
acid should be added to the diet when large amounts
of catechins are being consumed. In daily tea drinking,
however, where folic acid is contained in green tea,
the decrease in folic acid by catechins may not have
any influence on human health.

Our study has certain limitations. First, the duration
of intervention was relatively shorter than that used
in published studies on the effectiveness of consuming
large amounts of catechins™*. However, the amount
of catechins used in our study corresponds to
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consuming approximately 10 cups of green tea per
day and is almost 2-fold higher than the amount
reported by Hakim et al” and Davies et al'® (4-5 cups
per day). The safety of using such large amounts of
catechins in humans has not yet been well
established™ : therefore, we investigated the effects
of only short-term consumption in order to ensure the
safety of the participants. Furthermore, we deter-
mined the amounts of catechins on the basis of the
effects of EGCg on plasma superoxide scavenging
activity, at 2 hours after oral ingestion of catechins™.
However the effectiveness of catechins on our
outcome measures might be underestimated because
of the short study periods. Second, a small sample size
was used. Although the sample size was determined
on the basis of feasibility, the statistical power seemed
to be weakened with respect to confirming the
effectiveness of catechins, For clarifying the effects of
these limitations, additional long-term and large-scale
randomized trials should be performed.

In conclusion, a large amount of tea catechins, which
corresponds to approximately 10 cups of green tea
per day for 1 week, seemed to be well tolerated, and
did not influence chromosomal damage and the
oxidative stress markers. Further long-term and
large-scale studies are required to clarify the long-
term effect of the consumption of a large amount of
tea catechins on these markers as well as on
improving dyslipidemia.
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