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Abstract
Epidemiological studies suggest that tea drinking may
reduce the risk of cardiovascular diseases and cancers.
Although tea is an important source of antioxidant
phytochemicals, variation in preparation techniques may
translate to variation in antioxidant capacity. However,
most large-scale epidemiological studies use regular food
frequency questionnaires to estimate tea intake, and
nationally available nutrient analysis databases do not
include levels of black tea polyphenols. The Arizona Tea
Questionnaire (ATQ) was designed as a tool for collecting
more complete dietary tea consumption information, and
a database was developed after analyzing 40 black tea
samples (brewed, instant, and sun tea) for polyphenols.
This study assesses the reliability and relative validity of
the ATQ and polyphenol database. Relative validity of
estimates of black tea consumption was tested by
comparing the ATQ with the traditional Arizona Food
Frequency Questionnaire and four days of food records.
The ATQ was tested for reproducibility of estimates of
black (hot and iced) tea consumption and levels of black
tea polyphenol intake. Correlations between two
measures of intake taken 2 months apart ranged from
0.72 for black hot tea to 0.86 for black sun tea. Mean
intakes (range) of total flavonoids for black tea
consumers were 80.8 (3.0 –588.0) mg/day at the first ATQ
and 102.4 (4.5– 802.3) mg/day at the second ATQ (r ⴝ
0.83, P < 0.001). The ATQ provided highly reproducible
estimates of both total tea consumption and individual tea
polyphenol intake. This instrument may be a useful tool
in studies of the associations between tea consumption,
tea polyphenols intake, and risk for chronic disease.
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Introduction
The popularity of tea has stood the test of time. Today, tea is
enjoyed around the world, and its consumption reflects local
preferences and traditions. For the past two decades, epidemiologists have observed lower risks of cancer (1–3), cardiovascular diseases (4 – 6), and osteoporosis (7–9) in populations that
drink tea frequently. However, although epidemiological evidence of health benefits associated with tea consumption is
equivocal, experimental studies in vitro and with animals had
repeatedly linked tea extracts to reduced risk of cancer and
cardiovascular disease. Of particular interest are the accumulating data that reflect similar health benefits associated with
both the epicatechins of green tea and the theaflavins and
thearubigens of black tea (10).
Tea provides a natural source of antioxidant phytochemicals. Flavonoids, as a class of antioxidants, constitute the relative majority (36%) of compounds of the leaves of Camellia
sinensis (11). Tea, whether black, green, or oolong, is the
richest source of flavonoids in the Northern European diet,
more so than regular servings of fruits or vegetables (6, 12).
Most large-scale epidemiological studies use food frequency
questionnaires to estimate tea intake. However, most food frequency questionnaires do not take into account variation in tea
preparation. Because dry tea leaves are not consumed directly,
brewing conditions (time and strength) may influence the final
antioxidant capacity in the tea as consumed.
Increasing recognition of the potential importance of phytochemicals in the etiology of various diseases has highlighted
the need for methods to measure individual phytochemical
consumption that are sufficiently simple to be used in large
epidemiological studies and whose reproducibility and accuracy have been quantified. We demonstrated recently that brewing time, strength of tea, and temperature of the tea result in
variable levels of total polyphenols and flavonoids (13). We
also demonstrated a potential association between strong (hot)
tea consumption and decreased incidence of squamous cell
carcinoma of the skin (14).
In this study, we report the relative validity of the ATQ3
and the reproducibility of ATQ estimates for black (hot and
iced) tea consumption and for total tea polyphenols intake
among 120 individuals.
Materials and Methods
ATQ. We designed the ATQ (see Appendix) to serve as a
supplement to the AFFQ and to categorize individuals by intake
of tea and the specific tea polyphenols. The questionnaire was
developed after focus groups identified usual patterns of tea
consumption. Information was considered on how often sub-

3
The abbreviations used are: ATQ, Arizona Tea Questionnaire; AFFQ, Arizona
Food Frequency Questionnaire; EC, epicatechin; ECG, epicatechin gallate; EGC,
epigallocatechin; EGCG, epigallocatechin gallate; FR, food record.
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jects consumed various tea products (black tea, green tea, and
herbal tea). Frequency and portion size of hot and iced black tea
and hot and iced green tea consumption were asked separately
for summer and winter. Participants identified their usual tea
preparation recipes by indicating: (a) brewing time; (b) number
of tea bags or teaspoon(s) used per cup for hot tea and per a half
gallon for iced tea; (c) preferred strength and temperature for
hot tea (warm or hot) and iced tea (cold or with ice); (d)
percentage of use of decaffeinated tea; and (e) additives to the
tea (sweetener, milk, citrus, or spices). Detailed information
was sought for consumption of sun tea, instant tea, and bottled
tea products.
In 1998, this questionnaire was tested for short (1 week)
and long-term (6 months) reliability within a randomly selected
sample of men (n ⫽ 20) and women (n ⫽ 20) between the ages
of 40 and 80 years who had participated previously in a study
of skin cancer. All individuals completed phone interviews at
baseline, 1 week, and 6 months. Reproducibility for each of the
specific questions was very high, even at 6 months, ranging
between 0.90 and 0.98 (13, 14).
The ATQ is now available in an optical, scannable format
to provide raw computer files for subsequent analysis (see
Appendix). For each black tea type on the ATQ, the black tea
polyphenols database contains the corresponding levels (g/
ml) for total flavonoids, total polyphenols, catechins (EC, ECG,
EGC, and EGCG), theaflavins, thearubigens, gallic acid, and
caffeine. On average, it took the subjects 7 min to fill out the
questionnaire.
Development of the Black Tea Polyphenols Database and
the Computer Program. Nationally available nutrient databases did not include tea polyphenols. Therefore, we analyzed
40 samples, representing common recipes for black tea beverages, for levels of various polyphenols to develop a preliminary
database for tea polyphenols at the Arizona Cancer Center. This
preliminary Arizona Cancer Center database is based on analysis of 18 hot and 22 iced black tea beverages. Levels of total
polyphenols, flavonoids, catechins (EC, ECG, EGC, and
EGCG), theaflavins, thearubigens, gallic acid, and caffeine
were averaged for each type of tea by leaf concentration (regular or diluted) and brewing time (1, 2–3, and ⱖ4 min) for hot
tea and preparation technique for iced tea (brewed, sun tea,
instant tea, and restaurant). The detailed methodology for preparation and analysis of the tea samples is described elsewhere
(13).
An analysis program then merged dietary data from the
ATQ with the tea polyphenol database to estimate total flavonoids, total polyphenols, catechins, theaflavins, thearubigens, gallic acid, and caffeine intake/day. Forms were entered
using an interactive screen input program written in SAS (15),
and programs were written to summarize estimates of total
intake of specific polyphenols. For each type of tea preparation
(bags, loose, instant, and bottled/canned), frequency of summer
and winter use was averaged to estimate consumption (times/
day) over the past year. Estimates (ml/day for iced and hot tea)
were modified by the relative percentage of use of each specific
tea preparation type (bags, loose, instant, bottled/canned, or sun
tea) calculated in this step and were drawn from the amount of
bags or loose tea that was consumed for iced tea and the
strength of tea. The tea polyphenols database was merged with
the consumption data to estimate the g/ml of each polyphenol
type (total flavonoids, catechins, theaflavins, thearubigens, gallic acid, and caffeine) for each type of tea preparation. Lastly,
ml/day of the tea consumed was used to determine the g/day
of each polyphenol.

The program creates two datasets, a detail file and a
summary file. The detail file of dietary polyphenols (g/day)
contains one record for each tea preparation type for each
participant. The summary file creates one record/participant
and contains the sum of total polyphenols, total flavonoids,
catechins, theaflavins, thearubigens, gallic acid, and caffeine/
day (g/day) from all tea preparation types.
Assessment of the Reliability and Validity of the ATQ and
Database. For study design and data collection, we tested the
ATQ for reliability and relative validity among 120 healthy
subjects (ages 40 – 82 years) participating in an ongoing
6-month skin biomarker study. Data collection started in February 1999 and took 12 months. All subjects completed the
usual AFFQ, 4 days of FRs, and the two ATQs. AFFQ was
administered at baseline, whereas the ATQ was administered 1
week before (ATQ1) and 6 weeks after the last diet record was
completed (ATQ2). All questionnaires were self-administered.
Processing of the questionnaires and food records were conducted by the Nutrition Core at the Arizona Cancer Center. The
quality control/quality assurance procedures included 25% duplicate entry of food records with all coders completing a
formal training and probationary period. The AFFQ was optically scanned with a quality control/quality assurance procedure to double scan each AFFQ. Generic food frequency analysis software was written using an expansion and enhancement
of the Block nutrient database (16) to report totals of all
nutrients and subtotals within food groups.
Statistical Analyses. Relative validity was assessed by comparing the data collected from the tea questionnaire with that
drawn from the baseline AFFQ and food records. Reliability
was assessed by comparing the estimates from ATQ1 and
ATQ2. For each questionnaire (AFFQ, ATQ1, and ATQ2), the
percentage of participants who consumed tea, as well as the
median, the 25th and 75th percentiles of tea (ml/day) among
consumers were calculated. Pearson and Spearman correlation
coefficients were estimated between total intake (ml/day for
black tea) from the ATQ1, AFFQ, and FRs. Similarly, Pearson
and Spearman correlation coefficients between the log-transformed estimates (ml/day for black tea and mg/day for black tea
polyphenols) from ATQ1 and ATQ2 were calculated. Because
results were of similar magnitude, we reported Pearson correlation results. Precision was examined using intraclass correlation coefficients between the log-transformed (natural log) estimates of black tea polyphenols for the two tea questionnaires
(ATQ1 and ATQ2).
To compare absolute intake levels of hot and iced tea,
sample medians and 25th and 75th percentiles were computed,
and reproducibility was assessed by examining differences between ATQ1 and ATQ2, using the sign test and Wilcoxon sign
rank test to test differences in distributions. Statistical significance was defined as two-sided P ⱕ 0.05. Because both results
were identical, we reported the Wilcoxon sign rank results. All
statistical analyses were done using STATA computer software
(17).
Results
The preliminary black tea polyphenol database used in this
study is presented in Table 1. Our data show that tea leaf
concentration and brewing time have major influences on flavonoid and polyphenol concentrations in hot tea beverages.
Similarly, the concentration of flavonoids and polyphenols varies considerably, depending on the method of preparation of
iced tea beverages.
The ATQ was tested for reliability and relative validity
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Table 1

Black tea polyphenol database based on the composition of commonly consumed black tea beverages in Arizona
Average concentration (g/ml)

No. of samples
Total flavonoids

Total polyphenols

Catechins

Theaflavins

Thearubigens

Gallic acid

Caffeine

3
6
3

417
648
692

642
997
1064

40
94
87

0
13
15

377
546
585

17
27
25

145
244
215

2
2
2

183
222
361

282
341
555

10
15
23

0
0
0

173
207
338

3
4
8

62
79
103

10
5
2
5

507
383
96
470

779
589
147
724

74
47
1
40

8
3
0
3

369
333
95
425

18
21
3
32

158
131
30
200

a

Regular hot black tea
Brewed for 1 min
Brewed for 2–3 min
Brewed for ⱖ4 min
Diluted hot black teab
Brewed for 1 min
Brewed for 2–3 min
Brewed for ⱖ4 min
Iced black tea beverages
Brewed
Sun Tea
Instant
Restaurant
a
b

One tea bag/cup or mug ⫽ 0.96 g of tea leaves/100 ml.
One tea bag/2 cups or 2 mugs ⫽ 0.48 g of tea leaves/100 ml.

Table 2 Descriptive data and daily median (P25, P75) tea intake as estimated
by the ATQ (ATQ1),a the AFFQ, and 4 days of FRs

ATQ1a
AFFQ
FRs

Tea intake for consumer (ml/day)

% consuming
n ⫽ 116b

Median (P25, P75)c

Mean (SD)

78.3
87.9
69.4

48.8 (24.0, 155.2)
44.1 (13.7, 129.7)
88.8 (59.3, 118.4)

126.6 (154.8)
111.8 (182.5)
101.1 (56.7)

rid

0.97
0.77

a

ATQ1, first administration of the ATQ. P25, P75, 25th and 75th percentiles.
Four subjects had incomplete food records (⬍4) and were excluded from the
analysis.
c
Two-sided Wilcoxon signed-rank test comparing intake (ml/day) based on
AFFQ and FRs with that based on ATQ1 ⫽ no statistical significant difference.
d
ri ⫽ intraclass correlation coefficient for log-transformed data.
b

among 120 healthy subjects (ages 40 – 82 years) participating in
an ongoing 6-month skin biomarker study. More than 90% of
the participants were non-Hispanic whites, nonsmokers, and
84% of them had at least some college education. The mean age
of study participants was 60 years (⫹10.1 years) with men
(47.5%) and women (52.5%) represented equally. The mean
energy intake of the subjects was 1833.6 (⫹787.6) Kcal/day,
with 33.1% (⫹10.9%) of calories from fat.
Descriptive information regarding total amount of tea intake/day as estimated from the various methods (ATQ, AFFQ,
and FRs) is presented in Table 2. The tea intake estimates were
based on reported frequencies and reported portion sizes. On
average, 70% of the participants reported drinking black tea
beverages during the past year. The intraclass correlation coefficients for the amount of tea intake (log-transformed) between the methods were 0.97 (ATQ1 and AFFQ) and 0.77
(ATQ1 and FRs). Daily median intakes for total tea consumption (ml/day) estimated by ATQ1, AFFQ, and FRs are also
given in Table 2. Two-sided Wilcoxon signed-rank test showed
no statistically significant differences among the three methods.
Although there was variation in the range of intake and skewness of the data, the Spearman’s correlations were of the same
magnitude as the Pearson’s correlations.
Overall, the 2-month reproducibility of the ATQ was high
and ranged from 0.66 for amount of iced tea intake to 0.92 for
hot tea. The reproducibility of the various tea polyphenols
(g/ml) ranged from 0.78 to 0.85 (using either Pearson or
Spearman correlation). Two-sided Wilcoxon signed-rank test

showed no statistical significant difference between the two
administrations (data not shown).
Table 3 shows estimates of levels of tea polyphenols
intake among black tea consumers as measured at the two ATQ
surveys. Pearson correlation coefficients for the log-transformed daily intake (mg/day) of tea polyphenols by type of tea
consumed between the two administrations of the ATQ ranged
from 0.67 for restaurant iced tea to 0.81 for sun tea. Daily
median intakes for tea polyphenols (mg/day) from black tea
assessed by ATQ1 and ATQ2 are also shown in Table 3. For
these black tea beverages, the polyphenols estimates were
based on reported frequencies and portion sizes. Two-sided
Wilcoxon signed-rank test showed no statistical significant
difference between the two administrations of the ATQ.
Discussion
A recent focus in nutrition epidemiology has been on evaluation
of the role of food groups and phytochemicals in chronic
disease prevention. For large-scale epidemiological studies,
food frequency questionnaires are often the method used to
obtain dietary exposure data. Short-term recall and diet records
methods are generally expensive, often unrepresentative of
usual intake, and inappropriate for assessment of past diet.
Studies of the potential relationship between tea consumption
and chronic disease typically use food frequency questionnaires
to estimate tea intake. The amount of tea estimated from the
usual number of cups consumed is frequently then used as the
marker of tea and/or polyphenols consumption. However, this
may be an inadequate measure of intake because drinking
practices of tea vary considerably among and between populations. More focused questionnaires may be needed to assess tea
preparation techniques.
Tea leaves are primarily manufactured as green or black or
oolong, with black tea representing ⬃80% of the tea consumed.
Catechins and theaflavins are the two major groups of tea
flavonoids. The major components of black tea are theaflavins
(1–3% dry weight) and thearubigens (10 – 40% dry weight).
Our database show that tea composition, including catechins,
varies with tea leaf concentration, brewing time, and beverage
temperature. In hot black tea, the total phenolic concentration,
and hence, the antioxidant activity increased with the brewing
time and tea leaf concentration. Moreover, the wide variability
in preparation techniques of iced tea was translated into corresponding variability in tea composition in the resulting tea
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Table 3

Daily median (P25, P75) black tea (ml/day) and black tea polyphenols (mg/day) intake as estimated by the ATQ administered twice
Daily intake for consumer of product Median (P25, P75)a

Black tea
Overall tea intake (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)
Hot tea (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)
Brewed iced tea (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)
Sun tea (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)
Instant iced tea (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)
Restaurant iced tea (ml/day)
Total flavonoids (mg/day)
Total polyphenols (mg/day)
Catechins (mg/day)
Theaflavins (mg/day)
Thearubigens (mg/day)
Gallic acid (mg/day)
Caffeine (mg/day)

ATQ1

ATQ2

35.52 (11.83, 132.64)
8.52 (2.91, 32.98)
13.04 (4.49, 50.56)
0.94 (0.24, 4.36)
0.13 (0.04, 0.53)
7.03 (2.60, 27.25)
0.37 (0.13, 1.35)
2.77 (1.03, 11.58)
23.45 (8.87, 81.32)
12.32 (4.47, 75.28)
18.95 (6.88, 115.82)
1.56 (0.65, 9.29)
0.15 (0.05, 0.71)
10.38 (3.77, 63.43)
0.51 (0.19, 3.04)
4.64 (1.68, 2.61)
84.49 (15.77, 84.49)
30.50 (4.50, 57.83)
46.86 (6.91, 88.85)
4.45 (0.66, 8.44)
0.48 (0.07, 0.91)
22.20 (3.27, 42.09)
1.08 (0.16, 2.05)
9.50 (1.40, 18.02)
33.79 (11.83, 152.07)
6.63 (2.98, 25.40)
10.20 (4.58, 39.06)
0.81 (0.37, 3.12)
0.05 (0.02, 0.20)
5.77 (2.59, 22.09)
0.36 (0.16, 1.39)
2.27 (1.02, 8.69)
20.70 (11.83, 184.74)
0.68 (0.43, 8.52)
1.05 (0.65, 13.04)
0.01 (0.004, 0.09)
0 (0, 0)
0.68 (0.42, 8.43)
0.02 (0.001, 0.27)
0.21 (0.13, 2.66)
15.77 (11.83, 50.13)
5.56 (2.91, 17.87)
8.56 (4.49, 27.51)
0.47 (0.25, 1.52)
0.04 (0.02, 0.11)
5.03 (2.63, 16.16)
0.38 (0.20, 1.22)
2.37 (1.24, 7.60)

67.59 (21.69, 232.34)
11.21 (4.60, 44.17)
17.24 (7.08, 67.87)
1.12 (0.51, 5.34)
0.14 (0.05, 0.68)
9.59 (4.14, 35.91)
0.48 (0.22, 2.00)
3.77 (1.66, 15.98)
25.63 (13.31, 211.21)
13.25 (5.94, 126.26)
20.38 (9.14, 194.26)
1.78 (0.83, 15.97)
0.23 (0.11, 1.37)
11.19 (5.02, 106.39)
0.51 (0.24, 5.26)
4.50 (2.16, 47.54)
116.17 (23.66, 337.94)
29.41 (8.00, 96.38)
45.19 (12.29, 148.08)
4.29 (1.17, 14.07)
0.46 (0.13, 1.52)
21.41 (5.82, 70.14)
1.04 (0.28, 3.42)
9.12 (2.49, 30.03)
50.69 (21.69, 253.46)
6.80 (4.53, 24.27)
10.45 (6.97, 37.32)
0.83 (0.56, 2.98)
0.05 (0.04, 0.19)
5.91 (3.94, 21.10)
0.37 (0.25, 1.33)
2.32 (1.55, 8.30)
121.45 (34.78, 168.97)
4.18 (0.91, 11.71)
6.40 (1.40, 17.93)
0.04 (0.01, 0.12)
0 (0, 0)
4.14 (0.90, 11.59)
0.13 (0.03, 0.37)
1.31 (0.29, 3.66)
26.61 (21.69, 126.73)
7.99 (4.17, 22.34)
12.31 (6.42, 34.41)
0.68 (0.36, 1.90)
0.05 (0.03, 0.14)
7.23 (3.77, 20.20)
0.54 (0.28, 1.52)
3.40 (1.77, 951)

rpb

ric

0.68
0.77
0.77
0.82
0.76
0.77
0.77
0.77
0.67
0.72
0.72
0.70
0.76
0.72
0.72
0.72
0.71
0.79
0.79
0.79
0.79
0.79
0.79
0.79
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.64
0.79
0.79
0.79

0.55
0.72
0.72
0.67
0.83
0.73
0.68
0.69
0.58
0.82
0.82
0.81
0.79
0.83
0.82
0.82
0.40
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.76
0.87
0.87
0.87
0.87
0.87
0.87
0.87
0.43

0.79
0.79
0.79
0.53
0.67
0.67
0.67
0.67
0.67
0.67
0.67

0.20
0.32
0.32
0.32
0.32
0.32
0.32
0.32

a
Two-sided Wilcoxon signed-rank test comparing intake (mg/day) based on ATQ2 with that based on ATQ1 ⫽ no statistical significant difference. ATQ1, first
administration of the ATQ; ATQ2, second administration of the ATQ (2 months later).
b
rp ⫽ Pearson correlation coefficient for log-transformed data.
c
r1 ⫽ intraclass correlation coefficient for log-transformed data.

beverages. One cup of black tea, brewed using one tea bag
(regular strength), has approximately three times the amount of
total flavonoids and six times the amount of catechins as the
same volume prepared by two successive brews of loose tea
leaves (diluted). Similarly, one glass of brewed black iced tea
has approximately five times the amount of total flavonoids
available in a similar glass of instant iced tea. Moreover, instant
iced tea contains negligible amounts of catechins. These differences should be accounted for by the epidemiological studies
evaluating the effect of tea on health.
There is a need for methods to measure long-term dietary

intake with adequate accuracy and reproducibility. The relative
validity of food group intake is reported less often than that of
nutrient intake. In the present study, the relative validity and the
reproducibility of habitual tea intake, estimated by a detailed
tea questionnaire (ATQ) are explored. In this study, agreement
between the ATQ and other methods is good. Moreover, the
ATQ provided highly reproducible estimates of tea consumption and tea polyphenols intake.
The intraclass correlation between the ATQ and 4 days of
dietary records observed in the current study was in the reasonable range (0.77) but relatively lower than that for the AFFQ
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and ATQ (0.97). This difference can be attributed to large
day-to-day variation in tea intake. Thus, although 4-day dietary
records or recalls are often used as criterion standards to validate dietary instruments, their inherent inability to capture usual
intake will limit, and likely underestimate, the correlations
between multiple records/recalls and the ATQ. The day-to-day
variability is especially high for the amount (ml/day) of iced tea
intake in the hot season and for the intake of instant and
restaurant (multiple refills) iced tea. In contrast, food frequency
questionnaires usually estimate diet intake over several weeks,
so that day-to-day variation plays a minor role. The correlation
between larger time periods will then be higher as seen in this
evaluation.
For epidemiological applications, the capability of a questionnaire to categorize or rank individual subjects by level of
their actual intake is viewed as an essential characteristic (18).
Determination of associations between tea polyphenol levels
and disease requires accurate ranking of individuals into quantiles of intakes but not necessarily accurate assessment of
absolute intake. This ranking ability can be evaluated by using
Spearman’s correlation and/or Wilcoxon signed-rank test.
However, it has also been advocated that to evaluate the magnitude of purported health problems, dietary instruments should
estimate absolute intakes. Pearson correlation reflects the degree of agreement between the absolute levels of estimates. In
the present study, no clear discrepancies were observed between Pearson and Spearman’s correlations (data not shown).
In addition, the two-sided Wilcoxon signed-rank test showed no
statistically significant differences between the three dietary
methods or the two administrations of the ATQ.
Many studies have examined reproducibility over time of
nutrient intakes estimated using food frequency questionnaires.
These studies have found correlation coefficients ranging from
0.5 to 0.8 (19 –22). In our study, the correlations between the
two administrations of the ATQ for level of black tea polyphenols and total flavonoids were both 0.77, which fall within the
typical range. Few studies have examined reproducibility of
intake for specific food items using the food frequency questionnaires, and when done, the reproducibility was generally
more variable, ranging from 0.4 to 0.7 (23). For this questionnaire, the correlation for black tea consumption was 0.68 between the two administrations of ATQ.
A major problem in investigating the relationship between
tea and cancer is the lack of quantitative data. Black tea is the
major form of tea consumed, but its chemistry, biological
activities, and chemopreventive properties are not well defined.
Most of the studies on tea polyphenols have been conducted to
monitor the metabolism of pharmacological doses and not at the

levels commonly observed in usual tea beverages. Although
plasma samples were available for all of our subjects, we have
not attempted to validate the intake of dietary black tea polyphenols in relation to the plasma levels. Tea flavonoids have a
relatively short half-life in human plasma (24), and detection
requires regular black tea consumption of at least two cups/day.
Furthermore, van het Hof et al. (25) reported that although
plasma levels of flavonoids increased during repeated tea consumption (10 cups/day), they decreased significantly during the
nights when no tea was consumed. As such, levels of plasma
flavonoids are not suitable biomarkers to evaluate normal patterns of black tea consumption. Similarly, urinary levels of
EGC and EC might not be suitable to evaluate normal patterns
of black tea consumption. Over 90% of the total urinary EGC
and EC is excreted within 6 – 8 h. Detection of EGC and EC in
urine requires collection of 24-h urine from subjects who regularly consume at least one cup of tea/day. In contrast to EGC
and EC, EGCG is mainly excreted through the bile and is not
detected in urine (25).
The particular limitations and strengths of our study must
be considered. The major limitation of the black tea polyphenol
database is that it is not complete. We calculated our dietary
intake on the basis of 40 different black tea samples. However,
biological composition of tea leaves depends not only on preparation techniques but also on other environmental factors,
including climate, season, horticultural practices, and the type
and age of the plant.
To our knowledge, this is the first study to assess the
accuracy and reproducibility of a dietary method to specifically
estimate the intake of black tea polyphenols. Thus, direct comparisons of our results to other studies are not possible. Collecting information on the type, preparation, and strength of the
consumed tea, as designed in the ATQ, should provide a better
tool for collecting dietary information on tea consumption in
different populations.
Tea polyphenols intake may vary not only because actual
amount of consumption differs but also because the concentrations of tea polyphenols differ by type of tea preparation (13).
Estimation of total amount of tea intake in epidemiological
studies should include information on the type, preparation, and
strength of the consumed tea. Estimates of tea consumption and
tea total flavonoids, catechins, theaflavins, thearubigens, gallic
acid and caffeine intake were highly reproducible when the
questionnaire was administered at two points in time. These
data provide additional evidence that a simple, self-administered, semiquantitative tea frequency questionnaire can provide
useful information on tea and intake of tea polyphenols.
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