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Abstract: Isoflavones and lignans, two major groups of phytoestrogens, have been postulated to have multiple health
benefits, including anti-estrogenic, anti-cancer, pro-cardiovascular health, and ameliorating menopausal symptoms.
Urinary excretion of isoflavonoids, including daidzein, genistein, glycitein, O-desmethylangolensin (O-DMA), dihydro-
daidzein, dihydrogenistein, and equol, and lignans, including enterodiol and enterolactone, have been used as bio-
markers of phytoestrogen exposure in epidemiologic studies. We evaluated the urinary excretion of phytoestrogens
and their correlations with lifestyle and dietary factors among 2,165 women who participated in the Shanghai
Women’s Health Study (SWHS), a population-based prospective cohort study of 74,942 urban Chinese women aged
40-70 years at study enrollment (1996-2000). The medians (in nmol/mg creatinine) were: isoflavonoids, 17.13;
daidzein, 5.57; genistein, 2.41; glycitein, 0.94; O-DMA, 1.52; dihydrodaidzein, 0.81; dihydrogenistein, 0.19; equol,
0.11; enterodiol, 0.30; and enterolactone, 1.18. These levels are 2- (enterodiol) to 126- (O-DMA) fold higher than
levels among US women similar in age range with the exception of enterolactone, for which a similar level was ob-
served for both populations. Urinary isoflavonoid excretion was higher among older women and women who engaged
in regular exercise and significantly associated with soy food intake, but was inversely related to fruit intake. Urinary
excretions of dihydrodaidzein, dihydrogenistein, equol, enterodiol, and enterolactone were inversely associated with
body mass index (BMI). Urinary excretion of isoflavones correlated with soy food intake and healthy lifestyle but was
inversely associated with fruit intake among middle-aged and elderly Chinese women. Our study adds important infor-
mation to the rapidly growing body of research on the potential health benefits of phytoestrogens.
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Introduction

Phytoestrogens are natural, plant-derived sub-
stances that can bind to estrogen receptors and
have previously been inversely associated with
risk for breast cancer, colorectal cancer, athero-
sclerosis, and osteoporosis [1-6]. Two groups of
phytoestrogens, which are structurally and func-
tionally similar to the hormone 17p-estrodiol,
are commonly found in the human diet. These
include isoflavones (daidzein, genistein, and
glycitein), which are abundant in soy foods, and
lignans (enterodiol and enterolactone), which

are abundant in nuts, grains, and other seeds.
When metabolized by gut flora, daidzein is con-
verted to dihydrodaidzein, O-desmethylango-
lensin (O-DMA) and equol, while genistein is
metabolized to dihydrogenistein [7]. Both pre-
cursors and metabolites can be absorbed into
the blood and then excreted, mainly in urine [8].
Substantial interindividual variation in the
bioavailability of phytoestrogens after ingestion
of isoflavones and lignans has been observed
[9, 10]. Urinary levels of phytoestrogen excre-
tions are aggregate measurements of amounts
of consumption, metabolism, and absorption of
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dietary phytoestrogen intake and, thus, have
been used as biomarkers in epidemiologic stud-
ies [5, 7, 11, 12].

However, at the population level, little informa-
tion is available on excretion of urinary phytoes-
trogens and their associations with lifestyle fac-
tors and dietary intakes in Asian countries
where soy food intake is high. Understanding
how well levels of phytoestrogens reflect dietary
intake and their associations with lifestyle fac-
tors is essential to the implementation and in-
terpretation of epidemiologic research on asso-
ciations between these biomarkers and health
effects. We evaluated urinary excretion of phy-
toestrogens, isoflavonoids, including daidzein,
genistein, glycitein, O-DMA, dihydrodaidzein,
dihydrogenistein, and equol, and lignhans, includ-
ing enterodiol and enterolactone, and their cor-
relations with lifestyle factors and dietary in-
takes by using resources from the Shanghai
Women’s Health Study (SWHS).

Materials and methods
Study population

The SWHS is an ongoing, population-based,
prospective cohort study. From 1996 to 2000,
74,942 Chinese women aged 40 to 70 years
residing in seventypical urban communities of
Shanghai were recruited for the cohortstudy
(participation rate: 92%) [13]. Participants
signed a consent form at study enrollment and
completed a detailed in-person survey that col-
lected information on demographic characteris-
tics, physical activity, educational attainment,
income, occupation, and other lifestyle factors.
A spot urine sample was collected from 65,754
women (87.7% of study participants) by using a
sterilized cup containing 125 mg of ascorbic
acid. The samples were transported in a port-
able, insulated bag with ice packs (at approxi-
mately O to 4°C), processed within 6 hours of
collection, and then stored at -80°C. The study
was approved by the relevant institutional re-
view boards for human research of all partici-
pating institutes. Isoflavone excretion in the
urine samples of 2,165 women was measured
as part of several nested case-control studies
that evaluated the relationship between dietary
soy intake and risk of breast cancer risk and
coronary heart disease. These women, all of
whom were free of cancer and coronary heart
disease at the time of the urine sample collec-
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tion, were included in the current analysis.

Dietary assessment and selected lifestyle fac-
tors

Information on usual dietary intake over the 12
months preceding the baseline interview was
collected with a validated food frequency ques-
tionnaire (FFQ) [14]. A total of 71 food items
and food groups were included in the question-
naire, which covered virtually all soy foods con-
sumed in Shanghai, including soy milk, tofu,
other soy products, dried soybeans, soybean
sprouts, and fresh soybeans. Participants were
asked how frequently (daily, weekly, monthly,
yearly, or never) they consumed each food or
food item, followed by a question on the amount
of consumption in liang (50 g/liang, Chinese
ounce) per unit of time. The intake level of ma-
jor nutrients, including protein, fat, soy protein,
and soy isoflavones, was estimated using the
Chinese Food Composition Tables [15]. Our pre-
vious investigation indicated that the SWHS FFQ
can reliably and accurately measure usual in-
take of major nutrients and food groups among
women in Shanghai [14]. Anthropometrics, in-
cluding weight, height, and waist and hip cir-
cumferences, were measured according to a
standard protocol. Body mass index (BMI, kg/
m2) was calculated from weight and height.
Smoking and alcohol consumption were defined
according to current status (yes or no). Informa-
tion on tea consumption habits, and vitamin
supplement use including any use of vitamins A,
B, C, E, and multi-vitamins, was also collected.
Physical activity, assessed by a validated physi-
cal activity questionnaire, was measured in
metabolic equivalents (MET-h/day/year) based
on total daily physical activity and exercise par-
ticipation [16].

Laboratory methods

Daidzein, genistein, glycitein, O-DMA, dihydro-
daidzein, dihydrogenistein, equol, enterodiol,
and enterolactone were analyzed using liquid
chromatography-mass spectrometry with iso-
tope dilution electrospray ionization (negative
mode) tandem mass spectrometry as described
previously [1, 17, 18]. Briefly, mixed with
triethylamine acetate (pH 7.0), B-glucuronidase,
and arylsulfatase, urine was incubated for 1 h
at 37°C. After being extracted three times with 2
ml of ethyl ether, the combined organic phases
were dried under nitrogen, redissolved in a
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Table 1. Age-adjusted characteristics for participants of the current study and all participants of the

Shanghai Women’s Health Study

Characteristics* Current study subjects SWHS P valuet
(n=2,165) (n=74,942)

Demographic factors

Age (years) at recruitment, mean (SD) 56.70 (9.39) 52.13 (9.08) <.0001
Body mass index, mean (SD) 24.03 (0.01) 24.31 (0.07) 0.0001
Waist-to-hip ratio, mean (SD) 0.814 (0.001) 0.811 (0.000) 0.0035
Education elementary or less (%) 22.19 21.87 0.1518
Exercise regularly (%) 34.57 35.65 0.4303
Family income <10,000 per year (%) 17.16 16.27 0.2748
Current smoking (%) 2.57 2.40 0.4184
Current alcohol consumption (%) 2.32 1.94 0.3244
Tea consumption (%) 30.04 29.73 0.7592
Nutritional factors

Total energy intake (kcal/day), mean (SD) 1697.54 (8.71) 1675.77 (1.48) 0.0138

Total fat intake (g/day), mean (SD)

Total fruit and vegetable intake (g/day), mean (SD)
Total soy intake (g/day), mean (SD)

Soy protein intake (g/day), mean (SD)

Soy isoflavones intake (mg/day), mean (SD)

29.74 (0.29)
568.61 (6.23)
144.32 (2.66)
9.10 (0.14)
31.29 (0.49)

29.43 (0.05) 0.2865
560.72 (1.06) 0.2113
141.28 (0.45) 0.2617
8.92 (0.02) 0.2164
30.52 (0.08) 0.1196

*Adjusted for age at study enroliment; tOne-sample t-test was used for continuous variables; chi-square test was used for categori-

cal variables.

methanol/acetate buffer and were either ana-
lyzed immediately by injecting 20 pl into the
liquid chromatography system or stored at -20°C
until analysis. Liquid chromatography photodi-
ode array mass spectrometry analyses were
performed by using a HydroBond PS reversed-
phase guard and analytical column. Limits of
quantitation (LOQ) were 1-5 nM. The range for
between-day coefficients of variation was 4-18%
for all analytes, while intra-day variation was
half or less of that. Urinary concentrations of
phytoestrogens were adjusted for urinary
creatinine concentration and expressed in nano-
moles per milligram creatinine units. Urinary
creatinine concentrations were measured with a
Roche-Cobas MiraPlus chemistry auto analyzer
by using a kit from Randox Laboratories
(Crumlin, UK) that is based on a kinetic modifi-
cation of the Jaffé reaction with a LOQ of < 15
MM and mean inter-assay coefficient of variation
of 0.8% at 187 uM (21.1 mg/L).

Statistical analysis

The basic demographic characteristics, selected
dietary intakes, and lifestyle factors of partici-
pants in the current study were compared with
participants of the parent cohort by using the
one-sample t-test for continuous variables and
the chi-square test for categorical variables af-
ter adjustment for age at study enrollment. Sym-

20

metrical distributions were obtained after log
transformation of the skewed distributions of
the original phytoestrogen concentrations. The
distributions of urinary phytoestrogen excretions
were expressed as selected percentiles includ-
ing the 1st, 5th, 10th, 25th, 50th, 75th, 90th,
95th, and 100th, geometric means, and 95%
confidence intervals (95% Cl). Correlations be-
tween each type of phytoestrogen and selected
lifestyle factors and dietary intakes were esti-
mated by Spearman correlation coefficients. All
data were analyzed by using SAS (version 9.2;
SAS Institute, Inc., Cary, NC) and two-sided P <
0.05 was considered statistically significant.

Results

The 2,165 women who participated in the cur-
rent study were slightly older and had a lower
BMI, higher waist-to-hip ratio (WHR), and higher
total energy intake compared with women in the
parent cohort, reflecting the age distributions of
the original, nested case-control studies of
breast cancer and coronary heart disease.
There was little difference between the 2,165
women and the entire SWHS cohort in educa-
tion, income, current smoking, current alcohol
consumption, tea consumption, or selected nu-
tritional factors (intakes of fat, fruits and vegeta-
bles, soy, soy protein, and soy isoflavones) at
baseline (Table 1).
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Table 2 presents selected percentiles and geo-
metric means (95% Cl) of urinary phytoestrogen
excretions in spot urine samples for the partici-
pants of the current study and for U.S. women
(n=1,081) who were aged 40 to 70 years and
participated in the National Health and Nutrition
Examination Survey (NHANES 1999-2000,
2001-2002, and 2003-2004). In our popula-
tion, median levels of urinary phytoestrogen
excretions were as follows: total isoflavonoids,
17.13; daidzein, 5.57; genistein, 2.41; glycitein,
0.94; 0-DMA, 1.52; dihydrodaidzein, 0.81; dihy-
drogenistein, 0.19; equol, 0.11; enterodiol,
0.30; and enterolactone, 1.18. The levels for
Chinese women in our study were 2 (enterodiol)
to 126 (O-DMA) times higher than levels among
the U.S. women. However, the level of urinary
enterolactone excretion was similar between
Chinese and U.S. women.

Urinary isoflavanoid excretion was higher
among older women and women who regularly
participated in exercise (Table 3). The urinary
excretion levels of total isoflavonoids, daidzein,
genistein, and glycitein were positively corre-
lated with soy food intake (0.20 < r < 0.22), but
weakly and inversely related to fruit intake
(-0.07 £ r £ -0.06); in addition, genistein was
inversely associated with total vegetable intake
(r = -0.05). Urinary excretion of isoflavone me-
tabolites, including O-DMA, dihydrodaidzein, and
dihydrogenistein, were weakly associated with
soy food intake (0.09 < r £ 0.11), and O-DMA
was inversely related to fruit intake (r = -0.05).
Urinary enterolactone excretion was weakly re-
lated to fat intake (r = 0.07). Urinary isoflavon-
oid excretion was unrelated to total energy, fat,
and protein intakes (Table 4).

Table 5 shows that urinary isoflavanoid excre-
tion was associated with regular exercise (0.04
< r <0.07). Urinary excretions of total isoflavon-
oids and daidzein were weakly related to vita-
min supplement use (r = 0.04 and r = 0.05),
and daidzein was additionally related to smok-
ing (r = 0.04). Urinary excretions of dihydro-
daidzein, dihydrogenistein, equol, enterodiol,
and enterolactone were inversely related to BMI
(-0.08 < r £-0.05). Urinary equol and enterodiol
excretions were weakly related to menopausal
status (r = -0.05 and r = 0.07), and enterolac-
tone was correlated with tea consumption (r =
0.06).

In addition, urinary excretions of isoflavones,
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daidzein, genistein, and glycitein were signifi-
cantly associated with the average dietary in-
takes of isoflavones, daidzein, genistein, and
glycitein from the baseline FFQ and the 1st fol-
low-up FFQ in our study (0.13 <r<0.19).

Discussion

In this large cross-sectional analysis of 2,165
middle-aged and elderly Chinese women, we
found that urinary levels of daidzein, genistein,
and glycitein correlated well with soy food in-
take and several other lifestyle factors. The lev-
els of urinary isoflavones and enterodiol among
women in our study were much higher than
among U.S. women of comparable age, while
the level of enterolactone was similar between
Chinese and US women.

Soy and its products are the richest food
sources of isoflavones with a ratio of daidzein,
genistein, and glycitein of roughly 1:1:0.1 [18].
After being absorbed into the blood, these com-
pounds are mainly excreted in urine. Our results
are in agreement with previous studies that
have found that high concentrations of isofla-
vones in urine were positively associated with
the consumption of soy products [19-21]. Our
data add further support to previous findings
that isoflavones measured in a spot urine sam-
ple can serve as biomarkers for soy consump-
tion in epidemiologic studies [22].

Of the nine phytoestrogens we measured, the
urinary daidzein level was the highest and con-
centrations of isoflavones were much higher
than lignans, which is consistent with the typical
Asian diet, in which soy products, rather than
whole grains and cereals, contribute the bulk of
phytoestrogens. The phytoestrogen levels of
Chinese women in our study were higher than
the average levels found among all women in-
cluded in a recent study conducted in several
Asian countries, including Vietnam, Cambodia,
India, and Japan [23]. However, levels of
daidzein, genistein, and equol were 1.5- to 2.2-
fold lower than levels reported for Viethamese
(Hanoi) and Japanese women. The isoflavonoid
levels of Chinese women in our study were far
higher than those of US women, consistent with
the fact that soy food consumption is much
higher among Chinese women than US women
(the average of isoflavone intakes among Chi-
nese women and U.S. women were 47 mg/d
and 1- 6 mg/d, respectively) [4, 24]. Our previ-
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Table 2. Geometric means and 95% confidence intervals (95% CI) and selected percentiles of urinary phytoestrogen excretion (in
nmol/mg creatinine) and comparison with NHANES* participants

Phytoestrogens Geometric mean Selected percentiles Ratiost
(95%Cl) (SWHS/
1st 5th 10th 25th 50th 75th 90th  95th 100th NHANES)
Total
isoflavonoids#
SWHS 15.25 (14.42-16.12) 0.34 1.45 2.61 7.04 17.13 38.20 72.07 105.59 669.95 39.84
NHANES 0.52 (0.47-0.57) 0.0239 0.0547 0.0857 0.17 0.43 1.29 3.87 8.58 218.48
Daidzein
SWHS 4.99 (4.71-5.30) 0.14 0.46 0.78 2.05 5.57 13.74 27.02 38.99 212.86 23.21
NHANES 0.23 (0.21-0.26) 0.0045 0.0139 0.0274 0.0674 0.24 0.70 212 4.23 175.56
Genistein
SWHS 2.07 (1.93-2.22) 0.0243 0.13 0.25 0.79 2.41 6.54 14.77  23.07 182.80 26.05
NHANES 0.10 (0.09-0.11) 0.0007 0.0053 0.0126 0.0323 0.0925 0.32 1.01 1.98 41.61
Glycitein
SWHS 0.81 (0.76-0.87) 0.0089 0.0516 0.0983 0.32 0.94 2.53 5.35 8.22 91.29 NA
NHANES NA NA NA NA NA NA NA NA NA NA
O-DMA
SWHS 0.82 (0.73-0.93) 0.0001 0.0171 0.0496 0.320 1.52 4.4700 9.84 15.17 135.97 126.67
NHANES 0.01 (0.01-0.02) 0.0001 0.0002 0.0005 0.002 0.012 0.0774 0.37 1.20 41.98
Dihydrodaidzein
SWHS 0.58 (0.52-0.65) <0.0001 0.0165 0.0381 0.15 0.81 3.29 7.52 13.18 90.66 NA
NHANES NA NA NA NA NA NA NA NA NA NA
Dihydrogenistein
SWHS 0.18 (0.16-0.20) <0.0001 0.0075 0.0148 0.0546 0.1° 0.82 3.43 7.49 162.34 NA
NHANES NA NA NA NA NA NA NA NA NA NA
Equol
SWHS 0.06 (0.05-0.08) <0.0001 <0.0001 0.0028 0.0202 0.11 1.5200 8.56 18.21 216.00 3.94
NHANES 0.03 (0.02-0.03) <0.0001 0.0036 0.0058 0.0116 0.0279 0.0600 0.12 0.21 35.68
Enterodiol
SWHS 0.26 (0.24-0.29) 0.0026 0.0117 0.0345 0.11 0.30 0.78 1.92 3.53 41.30 2.00
NHANES 0.12 (0.11-0.13) 0.0006 0.0065 0.0169 0.0574 0.15 0.34 0.63 1.06 33.91
Enterolactone
SWHS 0.34 (0.27-0.42) <0.0001 0.0000 0.0109 0.17 1.18 4.19 10.87 1749 88.54 0.98
NHANES 0.90 (0.81-1.00) 0.0042 0.0255 0.0754 0.38 1.21 2.96 5.75 8.97 143.68
*Derived from female participants NHANES 1999-2000, 2001-2002, and 2003-2004 aged 40 to 70 years, data downloaded from

http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm; fThe ratio of median levels between SWHS (n=2,165) and NHANES (n=1,081); #Total isoflavonoids includes
daidzein, genistein, glycitein, O-DMA, dihydrodaidzein, dihydrogenistein, and equol for the SWHS and daidzein, genistein, O-DMA, and equol for NHANES.
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Table 3. Urinary excretion of phytoestrogens (geometric mean, nmol/mg creatinine) by selected demographic factors

Characteristics Total

. . Daidzein Genistein  Glycitein O-DMA Dihydrodaidzein  Dihydrogenistein  Equol Enterodiol  Enterolactone
isoflavonoids#

Age at study enroliment (years)

40-49 12.16 3.68 1.53 0.60 0.63 0.51 0.12 0.07 0.28 0.57
50-59 15.75 5.38 2.30 0.82 0.97 0.47 0.21 0.03 0.24 0.20
>60 17.79 6.06 2.47 1.02 0.92 0.72 0.22 0.09 0.27 0.26

P valuet <.0001 <.0001 <.0001 <.0001 0.0004 0.0002 <.0001 0.0001 0.7708 0.0001

Income, whole family (yuan)*

< 10,000 15.20 4.79 2.08 0.81 0.92 0.66 0.18 0.08 0.27 0.41
10,000 - 19,999 15.58 511 2.09 0.84 0.72 0.60 0.06 0.06 0.27 0.35
20,000 - 29,999 14.53 4.91 1.98 0.78 0.87 0.55 0.07 0.07 0.23 0.29
> 30,000 15.64 5.11 2.16 0.82 0.89 0.52 0.05 0.05 0.29 0.32

P valuet 0.7536 0.7547 0.5745 0.5364 0.8220 0.8122 0.4156 0.8194 0.8768 0.9234

Education*

< Elementary school 16.62 5.34 2.43 0.92 0.93 0.71 0.19 0.10 0.27 0.24
Middle school 14.26 4.67 1.91 0.77 0.72 0.50 0.17 0.07 0.24 0.37
High school 15.65 5.20 2.06 0.80 0.79 0.52 0.19 0.04 0.28 0.36
> College 13.84 4.63 1.72 0.69 0.91 0.67 0.17 0.04 0.30 0.41

P valuet 0.2100 0.4021  0.0645 0.2319 0.5050 0.2518 0.5182 0.0828 0.4452 0.8921

Exercise participation*

No 14.24 4.75 1.96 0.77 0.75 0.57 0.17 0.06 0.26 0.37
Yes 16.89 5.39 2.26 0.88 0.94 0.61 0.20 0.07 0.28 0.28

P valuet 0.0045 0.0203  0.0389 0.0476  0.0028 0.0351 0.0465 0.8226 0.2024 0.9812

*Adjusted for age at study enroliment; TANOVA on ranks adjusted for age at study enroliment; Total isoflavonoids including daidzein, genistein, glycitein, O-DMA, dihydrodaidzein,
dihydrogenistein, and equol.
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Table 4. Spearman correlation coefficients (95% confidence intervals) between urinary phytoestrogen excretion and dietary intakes

Characteristics  Total Daidzein Genistein Glycitein O-DMA Dihydrodaidzein  Dihydrogenistein Equol Enterodiol Enterolactone
isoflavonoids*
Total energy -0.04 -0.03 -0.03 -0.03 -0.03 -0.02 -0.02 -0.02 -0.02 -0.03
intaket (-0.08,0.00) (-0.08,0.01) (-0.08,0.01) (-0.07,0.02) (-0.07,0.02) (-0.06,0.02) (-0.06,0.02) (-0.07,0.03) (-0.07,0.03) (-0.08,0.01)
Proteint 0.03 0.03 0.01 0.03 0.01 0.01 0.00 0.01 0.00 0.04
(-0.01,0.07) (-0.01,0.07) (-0.03,0.05) (-0.01,0.07) (-0.03,0.05) (-0.03,0.05) (-0.04,0.04) (-0.03,0.06) (-0.05,0.05) (-0.01,0.09)
Fatst 0.01 0.02 0.00 0.00 0.00 0.01 -0.01 0.01 0.03 0.07
(-0.03,0.05) (-0.02,0.06) (-0.05,0.04) (-0.04,0.04) (-0.04,0.04) (-0.03,0.06) (-0.05,0.04) (-0.03,0.06) (-0.02,0.07) (0.02,0.11)5
Vegetablest -0.03 -0.03 -0.05 -0.04 0.00 -0.04 -0.04 -0.03 0.01 -0.01
(-0.08,0.01) (-0.07,0.01) (-0.09,-0.01)8 (-0.08,0.00) (-0.04,0.04) (-0.08,0.00) (-0.08,0.01) (-0.07,0.01) (-0.03,0.06) (-0.06,0.03)
Fruitst -0.07 -0.06 -0.06 -0.06 -0.05 -0.03 -0.04 -0.02 0.04 0.03
(-0.11,-0.03)8  (-0.11,-0.02)8 (-0.11,-0.02)8 (-0.10,-0.02)§ (-0.09,-0.01)8 (-0.07,0.01) (-0.08,0.01) (-0.07,0.02) (-0.01,0.08) (-0.02,0.08)
Total dietary 0.21 0.22 0.20 0.20 0.11 0.10 0.09 0.04 0.01 0.01
soy ¥ (0.17,0.25)8 (0.18,0.26)8 (0.16,0.24)8 (0.16,0.24)8 (0.07,0.15)8 (0.06,0.14)8 (0.05,0.14)8 (0.00,0.08) (-0.04,0.06) (-0.04,0.06)
Soy 0.20 0.20 0.18 0.18 0.11 0.11 0.10 0.05 0.01 0.02
Isoflavone (0.16,0.24)8 (0.16,0.24)8 (0.14,0.22)8 (0.14,0.22)8 (0.07,0.15)8 (0.07,0.15)8 (0.06,0.14)5 (0.01,0.10)8 (-0.03,0.06) (-0.03,0.07)
intake#t

*Total isoflavonoids including daidzein, genistein, glycitein, 0-DMA, dihydrodaidzein, dihydrogenistein, and equol; values in nmol/mg; tAdjusted for age at study enrollment, BMI, and exercise participation; *Adjusted for age at study enroliment, BMI, exercise
participation, and total energy intake; SP < 0.05.
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Table 5. Association (Spearman correlation coefficients [95% confidence intervals]) of urinary phytoestrogen excretion and lifestyle factors

Characteristics  Total Daidzein Genistein Glycitein O-DMA Dihydrodaidzein  Dihydrogenistein  Equol Enterodiol Enterolactone
isoflavonoids*
BMI -0.04 -0.02 -0.01 -0.01 -0.01 -0.05 -0.05 -0.07 -0.05 -0.08
(continuous)t (-0.08,0.01) (-0.06,0.03) (-0.05,0.03) (-0.05,0.03) (-0.05,0.03) (-0.09,-0.01)8 (-0.09,-0.01) 8 (-0.11,-0.03)8 (-0.10,0.00)s (-0.13,-0.03)8
WHR 0.00 0.00 0.01 0.01 0.01 -0.01 0.00 0.00 -0.02 -0.03
(continuous)* (-0.04,0.04) (-0.04,0.04) (-0.03,0.06) (-0.03,0.05) (-0.03,0.05) (-0.05,0.04) (-0.04,0.05) (-0.04,0.04) (-0.07,0.03) (-0.08,0.02)
Menopausal 0.03 0.04 0.03 0.01 0.03 -0.01 0.04 -0.05 0.07 -0.01
statust (-0.02,0.07) (-0.01,0.08) (-0.01,0.07) (-0.03,0.05) (-0.01,0.08) (-0.05,0.04) (0.00,0.08) (-0.09,-0.02)8 (0.02,0.12)8 (-0.06,0.04)
Exercise 0.06 0.05 0.05 0.04 0.07 0.05 0.05 0.00 0.03 0.00
participation (0.02,0.11)8 (0.04,0.10)8 (0.01,0.09)8 (0.00,0.09)s (0.02,0.11)8 (0.01,0.09)8 (0.00,0.09)8 (-0.04,0.05) (-0.02,0.08) (-0.05,0.05)
(Yes/No)+
Overall 0.00 0.02 0.01 -0.01 0.00 0.02 0.00 -0.02 0.00 0.03
physical (-0.06,0.07) (-0.05,0.09) (-0.06,0.08) (-0.08,0.06) (-0.07,0.06) (-0.04,0.09) (-0.06,0.07) (-0.08,0.05) (-0.08,0.09) (-0.05,0.11)
activity (MET)#
Current 0.02 0.04 0.03 0.03 0.01 0.04 -0.01 0.01 -0.02 -0.01
smoking (-0.02,0.07) (0.00,0.09)s (-0.01,0.07) (-0.04,0.07) (-0.03,0.05) (0.00,0.08) (-0.05,0.03) (-0.04,0.05) (-0.07,0.03) (-0.06,0.04)
(Yes/No)+
Alcohol 0.00 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.03 -0.02 -0.01
consumption (-0.05,0.04) (-0.04,0.04) (-0.04,0.05) (-0.05,0.03) (-0.04,0.04) (-0.04,0.04) (-0.05,0.03) (-0.07,0.01) (-0.07,0.03) (-0.06,0.03)
(Yes/No)+
Tea 0.02 0.03 0.00 0.04 0.01 0.01 0.00 0.04 0.00 0.06
consumption (-0.02,0.07) (-0.01,0.07) (-0.04,0.05) (-0.01,0.08) (-0.03,0.05) (-0.03,0.06) (-0.04,0.04) (0.00,0.08) (-0.05,0.05) (0.01,0.11)%
(Yes/No)#*
Vitamin 0.04 0.05 0.03 0.02 0.02 0.02 0.01 -0.02 0.01 0.00
supplement (0.00,0.09)8 (0.01,0.09)8 (-0.01,0.07) (-0.02,0.06) (-0.02,0.06) (-0.02,0.06) (-0.03,0.06) (-0.06,0.02) (-0.04,0.06) (-0.05,0.05)

use (Yes/No)¥

*Total isoflavonoids including daidzein, genistein, glycitein, O-DMA, dihydrodaidzein, dihydrogenistein, and equol; values in nmol/mg; TAdjusted for age at study enrollment; *Adjusted for age at study
enrollment, and BMI; 8P < 0.05.
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ous studies have indicated that high soy food
consumption may reduce the risk of breast can-
cer, and soy food intake was significantly asso-
ciated with decreased risk of death and recur-
rence among women with breast cancer [4, 5,
25]. The inverse association between soy intake
and breast cancer risk was found in Asian but
not Western populations in a meta-analysis by
Wu et al, which suggests that protection
against breast cancer may require that women
consume levels of soy typically seen in Asian
diets [26, 27].

Relationships between isoflavones and intakes
of fruits and vegetables in previous studies
have been inconsistent. In an analysis of 96
postmenopausal American women, plasma gen-
istein levels were positively related to total serv-
ings of fruits and vegetables [28]. Stumpf et al.
did not find any change in serum daidzein or
genistein concentrations among 85 middle-
aged Finnish participants in a dietary interven-
tion study after markedly increasing consump-
tion of vegetables, fruit, and berries [29]. In our
study, we found that urinary excretions of total
isoflavonoids, daidzein, genistein, glycitein, and
O-DMA were weakly and inversely related to fruit
intake, and genistein was also inversely associ-
ated with vegetable intake among middle-aged
and elderly Chinese women. The inverse corre-
lation between isoflavone level and fruit intake
may be explained by the fact that soy food con-
sumption is a part of traditional Chinese diet
and is very affordable while fruit consumption is
part of an affluent lifestyle. The reason for the
inverse correlation between genistein and total
vegetable intake remains to be investigated.

Urinary isoflavanoid excretion was higher
among older women in our study, which is in
agreement with previous reports that have sug-
gested that older women may consume more
soy-based foods for the purpose of improving
their health [28]. In our study population, uri-
nary isoflavonoid levels were also higher among
women who engaged in regular exercise, sup-
porting the healthy lifestyle hypothesis. On the
other hand, our results could also be due to
older women being more likely to adhere to a
traditional Chinese dietary pattern.

In accordance with the findings of Chun et al.
that flavonoid-rich diets were consumed more
frequently among vitamin supplement users
[30], we found that urinary excretions of total
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isoflavonoids and daidzein were positively asso-
ciated with vitamin supplement use. Chun et al.
also found that isoflavone intake was inversely
associated with BMI [31]. Although there was
no significant relationship between urinary ex-
cretion of genistein or daidzein and BMI in our
study, we found that urinary excretion of dihy-
drodaidzein, equol, dihydrogenistein, and the
metabolites of daidzein and genistein were in-
versely related to body mass index in our study.
The metabolization of daidzein occurs in the gut
through the action of a particular class of bacte-
ria Clostridium sp, Eubacterium ramulus, Bac-
teroides ovatus, Bifidobacterium breve, etc [8].
The gut bacterial flora in obese individuals is
known to differ from that in non-obese individu-
als. The lack of a direct association between
daidzein and BMI could suggest that the inverse
association between daidzein metabolites and
BMI is a result of obesity. On the other hand, we
could not exclude the possibility that daidzein
and its metabolites may have a different effect
on obesity. More research in this field is
needed.

Equol, which possesses a more potent estro-
genic activity than its precursor, daidzein, has
been proposed as one of the most important
components of isoflavones for disease preven-
tion [8, 32, 33]. Not all humans (only 30-60%)
possess the gut flora that can produce equol
[18]. Besides the composition and activity of the
intestinal microbiota, the diet has been sug-
gested to contribute to the ability to harbor
equol-producing bacteria [8]. Asians, who are
usually habitual soy consumers, seem to have a
greater ability to change daidzein to equol than
Western populations [34]. In our study, 1,895
women (87.5%) had a urinary daizein level
higher than 1 nmol/mg creatinine. Among these
women, we estimated the prevalence of equol
producers using the recommended ratio of uri-
nary equol:daidzein higher than 0.018 as the
cut-point for being an equol producer [35]. We
found that 50.3% women in our population were
equol producers, which is much higher than
33% reported in a Western population but is
comparable to 55.7% reported among a Japa-
nese population in which soy product intake is
also high [32, 36]. In our study population,
there was a slightly higher percentage of equol
producers among pre-menopausal women
(53.2%) than post-menopausal women (48.7%).

In our study both enterodiol and enterolactone

Int J Mol Epidemiol Genet 2012:3(1):18-29



Urinary phytoestrogen excretion in Chinese women

concentrations were weakly and inversely asso-
ciated with BMI. Lignans can pass through the
preadipocyte cell membrane [37, 38]; therefore,
lignan concentrations in obese women may be
diluted by rapid transport into cells, resulting in
lower urinary excretions [37, 38]. However, this
inverse correlation also suggests a true associa-
tion. Johnsen et al. has reported that high fat
intake decreased serum enterolactone levels
[39]. In contrast, we found a positive correlation
between fat intake and urinary enterolactone
excretion.

Tea contains high levels of lignans [40]. In our
study, urinary enterolactone concentration was
positively related to tea consumption. Enterolac-
tone concentration was higher among younger
women, consistent with an earlier report that
young, vegetarian women had much higher lig-
nan excretion than their older counterparts [41].
Urinary enterodiol excretion was higher among
post-menopausal than among pre-menopausal
women in our study.

Because urinary excretion of creatinine depends
on muscle mass, which is influenced by body
weight, gender, and age, we also estimated the
urinary excretions of phytoestrogens applying
the suggested body weight- and age-specific
creatinine excretion rates (mg-creatinine/kg
BW /day ratio [in nmol/mg creatinine] multi-
plied by body weight) [42]. We found that the
levels of excretion of urinary phytoestrogens
derived from this method were highly correlated
with levels derived without applying weight-age
specific creatinine excretion levels (0.99 < r <
1.00). Furthermore, we found that associations
between urinary phytoestrogen concentrations
and lifestyle factors and dietary intakes re-
mained largely unchanged, with the exception
of the association for BMI. The correlation with
BMI carries no biological meaning, however,
because body weight was the major determi-
nant for both BMI measurement and the adjust-
ment method described above for estimating
phytoestogen concentrations.

The cross-sectional study design is the major
limitation of this study and makes the interpre-
tation of the underlying mechanisms responsi-
ble for the correlations observed in our study
difficult to determine. Another limitation is that
a single spot urine sample may not capture the
overall levels of isoflavones well given the short
half-life of phytoestrogens, which is in the range
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of 3-10 hours [43]. Nevertheless, we have previ-
ously shown that, in our study population, uri-
nary isoflavone level from a single spot urine
sample was relatively stable across a one-year
period of time [44]. Furthermore, we found good
correlation between dietary isoflavone intake
and urinary excretion level.

In summary, in this analysis of a large group of
Chinese women aged 40-70 years, we found
that urinary levels of isoflavones are substan-
tially higher among Chinese women than their
counterparts in the U.S., while levels of lignans
for these two populations were more compara-
ble. Urinary excretion of isoflavones significantly
correlated with soy food intake but was in-
versely associated with fruit intake. Our finding
of different correlation patterns for parent
isoflavones and metabolites of isoflavones with
BMI calls for further study in order to under-
stand the nature of this association and to in-
vestigate the full spectrum of the health effects
related to dietary phytoestrogen intake.

Acknowledgments

This study was supported by United States Pub-
lic Health Service grants R37 CAO70867 (PI: W.
Zheng) from the National Cancer Institute and
RO1 HLO79123 (PI: X. Shu) from the National
Heart, Lung and Blood Institute. The authors
thank the participants and research staff of the
Shanghai Women’s Health Study for their in-
valuable contributions to the study, and Ms.
Bethanie Rammer and Mrs. Jacqueline Stern for
their assistance in manuscript preparation.

Address correspondence to: Dr. Xiao-Ou Shu, Division
of Epidemiology, 2525 West End Avenue, Suite 600,
IMPH, Nashville, Tel: 615-936 0713; E-mail: xiao-
ou.shu@vanderbilt.edu

References

[1] Dai Q, Franke AA, Jin F, Shu X0, Hebert JR, Cus-
ter LJ, Cheng J, Gao YT and Zheng W. Urinary
excretion of phytoestrogens and risk of breast
cancer among Chinese women in Shanghai.
Cancer Epidemiol Biomarkers Prev 2002; 11:
815-821.

[2] Chan YH, Lau KK, Yiu KH, Li SW, Chan HT, Tam
S, Shu XO, Lau CP and Tse HF. Isoflavone in-
take in persons at high risk of cardiovascular
events: implications for vascular endothelial
function and the carotid atherosclerotic bur-
den. Am J Clin Nutr 2007; 86: 938-945.

[3] Morabito N, Crisafulli A, Vergara C, Gaudio A,

Int J Mol Epidemiol Genet 2012:3(1):18-29



(5]

(6]

(7]

(8]

(10]

[11]

(12]

[13]

(14]

[15]

[16]

28

Urinary phytoestrogen excretion in Chinese women

Lasco A, Frisina N, D'Anna R, Corrado F, Piz-
zoleo MA, Cincotta M, Altavilla D, lentile R and
Squadrito F. Effects of genistein and hormone-
replacement therapy on bone loss in early post-
menopausal women: a randomized double-
blind placebo-controlled study. J Bone Miner
Res 2002; 17: 1904-1912.

Shu X0, Zheng Y, Cai H, Gu K, Chen Z, Zheng W
and Lu W. Soy food intake and breast cancer
survival. JAMA 2009; 302: 2437-2443.

Zheng W, Dai Q, Custer LJ, Shu XO, Wen WQ, Jin
F and Franke AA. Urinary excretion of isoflavon-
oids and the risk of breast cancer. Cancer Epi-
demiol Biomarkers Prev 1999; 8: 35-40.
Nielsen IL, Williamson G. Review of the factors
affecting bioavailability of soy isoflavones in
humans. Nutr Cancer 2007; 57: 1-10.

Ward H, Chapelais G, Kuhnle GG, Luben R,
Khaw KT and Bingham S. Breast cancer risk in
relation to urinary and serum biomarkers of
phytoestrogen exposure in the European Pro-
spective into Cancer-Norfolk cohort study.
Breast Cancer Res 2008; 10: R32.

Atkinson C, Frankenfeld CL and Lampe JW. Gut
bacterial metabolism of the soy isoflavone
daidzein: exploring the relevance to human
health. Exp Biol Med (Maywood) 2005; 230:
155-170.

Franke AA, Custer LJ. High-performance liquid
chromatographic assay of isoflavonoids and
coumestrol from human urine. J Chromatogr B
Biomed Appl 1994; 662: 47-60.

Rowland IR, Wiseman H, Sanders TA, Adler-
creutz H and Bowey EA. Interindividual variation
in metabolism of soy isoflavones and lignans:
influence of habitual diet on equol production
by the gut microflora. Nutr Cancer 2000; 36:
27-32.

Murkies A, Dalais FS, Briganti EM, Burger HG,
Healy DL, Wahlqvist ML and Davis SR. Phytoes-
trogens and breast cancer in postmenopausal
women: a case control study. Menopause
2000; 7: 289-296.

den Tonkelaar |, Keinan-Boker L, Veer PV, Arts
CJ, Adlercreutz H, Thijssen JH and Peeters PH.
Urinary phytoestrogens and postmenopausal
breast cancer risk. Cancer Epidemiol Bio-
markers Prev 2001; 10: 223-228.

Zheng W, Chow WH, Yang G, Jin F, Rothman N,
Blair A, Li HL, Wen W, Ji BT, Li Q, Shu XO and
Gao YT. The Shanghai Women's Health Study:
rationale, study design, and baseline character-
istics. Am J Epidemiol 2005; 162: 1123-1131.
Shu X0, Yang G, Jin F, Liu D, Kushi L, Wen W,
Gao YT and Zheng W. Validity and reproducibil-
ity of the food frequency questionnaire used in
the Shanghai Women's Health Study. Eur J Clin
Nutr 2004; 58: 17-23.

Yang YX, Wang GY and Pan XC. Chinese Food
Composition Tables 2002. Beijing: Beijing Uni-
versity Medical Press 2002.

Jurj AL, Wen W, Xiang YB, Matthews CE, Liu D,

[17]

(18]

(19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

(27]

(28]

Zheng W and Shu XO. Reproducibility and valid-
ity of the Shanghai Men's Health Study physical
activity questionnaire. Am J Epidemiol 2007;
165: 1124-1133.

Franke AA, Custer LJ, Wilkens LR, Le Marchand
LL, Nomura AM, Goodman MT and Kolonel LN.
Liquid chromatographic-photodiode array mass
spectrometric analysis of dietary phytoestro-
gens from human urine and blood. J Chroma-
togr B Analyt Technol Biomed Life Sci 2002;
777:45-59.

Franke AA, Halm BM, Kakazu K, Li X and Custer
LJ. Phytoestrogenic isoflavonoids in epidemi-
ologic and clinical research. Drug Test Anal
2009; 1: 14-21.

Chen Z, Zheng W, Custer LJ, Dai Q, Shu XO, Jin
F and Franke AA. Usual dietary consumption of
soy foods and its correlation with the excretion
rate of isoflavonoids in overnight urine samples
among Chinese women in Shanghai. Nutr Can-
cer 1999; 33: 82-87.

Seow A, Shi CY, Franke AA, Hankin JH, Lee HP
and Yu MC. Isoflavonoid levels in spot urine are
associated with frequency of dietary soy intake
in a population-based sample of middle-aged
and older Chinese in Singapore. Cancer Epide-
miol Biomarkers Prev 1998; 7: 135-140.
Atkinson C, Skor HE, Fitzgibbons ED, Scholes D,
Chen C, Wahala K, Schwartz SM and Lampe
JW. Overnight urinary isoflavone excretion in a
population of women living in the United States,
and its relationship to isoflavone intake. Cancer
Epidemiol Biomarkers Prev 2002; 11: 253-
260.

Franke AA, Hebshi SM, Pagano |, Kono N, Mack
WJ and Hodis HN. Urine accurately reflects
circulating isoflavonoids and ascertains compli-
ance during soy intervention. Cancer Epidemiol
Biomarkers Prev 2010; 19: 1775-1783.
Kunisue T, Tanabe S, Isobe T, Aldous KM and
Kannan K. Profiles of phytoestrogens in human
urine from several Asian countries. J Agric Food
Chem 2010; 58: 9838-9846.

Horn-Ross PL, John EM, Canchola AJ, Stewart
SL and Lee MM. Phytoestrogen intake and en-
dometrial cancer risk. J Natl Cancer Inst 2003;
95:1158-1164.

Dai Q, Franke AA, Yu H, Shu XO, Jin F, Hebert
JR, Custer UJ, Gao YT and Zheng W. Urinary
phytoestrogen excretion and breast cancer risk:
evaluating potential effect modifiers endoge-
nous estrogens and anthropometrics. Cancer
Epidemiol Biomarkers Prev 2003; 12: 497-
502.

Wu AH, Yu MC, Tseng CC and Pike MC. Epidemi-
ology of soy exposures and breast cancer risk.
Br J Cancer 2008; 98: 9-14.

Nagata C. Factors to consider in the association
between soy isoflavone intake and breast can-
cer risk. J Epidemiol 2010; 20: 83-89.
Frankenfeld CL, Patterson RE, Horner NK, Neu-
houser ML, Skor HE, Kalhorn TF, Howald WN

Int J Mol Epidemiol Genet 2012:3(1):18-29



[29]

[30]

[31]

[32]

[33]

[34]

[35]

(36]

29

Urinary phytoestrogen excretion in Chinese women

and Lampe JW. Validation of a soy food-
frequency questionnaire and evaluation of cor-
relates of plasma isoflavone concentrations in
postmenopausal women. Am J Clin Nutr 2003;
77:674-680.

Stumpf K, Pietinen P, Puska P and Adlercreutz
H. Changes in serum enterolactone, genistein,
and daidzein in a dietary intervention study in
Finland. Cancer Epidemiol Biomarkers Prev
2000; 9: 1369-1372.

Chun OK, Chung SJ and Song WO. Estimated
dietary flavonoid intake and major food sources
of U.S. adults. J Nutr 2007; 137: 1244-1252.
Chun OK, Chung SJ and Song WO. Urinary
isoflavones and their metabolites validate the
dietary isoflavone intakes in US adults. J Am
Diet Assoc 2009; 109: 245-254.

Bolca S, Possemiers S, Herregat A, Huybrechts
I, Heyerick A, De Vriese S, Verbruggen M,
Depypere H, De Keukeleire D, Bracke M, De
Henauw S, Verstraete W and Van de Wiele T.
Microbial and dietary factors are associated
with the equol producer phenotype in healthy
postmenopausal women. J Nutr 2007; 137:
2242-2246.

Setchell KD, Clerici C. Equol: pharmacokinetics
and biological actions. J Nutr 2010; 140:
1363S-1368S.

Arai Y, Uehara M, Sato Y, Kimira M, Eboshida A,
Adlercreutz H and Watanabe S. Comparison of
isoflavones among dietary intake, plasma con-
centration and urinary excretion for accurate
estimation of phytoestrogen intake. J Epidemiol
2000; 10: 127-135.

Setchell KD, Cole SJ. Method of defining equol-
producer status and its frequency among vege-
tarians. J Nutr 2006; 136: 2188-2193.

Wu J, Oka J, Higuchi M, Tabata |, Toda T, Fuji-
oka M, Fuku N, Teramoto T, Okuhira T, Ueno T,
Uchiyama S, Urata K, Yamada K and Ishimi Y.
Cooperative effects of isoflavones and exercise
on bone and lipid metabolism in postmeno-
pausal Japanese women: a randomized pla-
cebo-controlled trial. Metabolism 2006; 55:
423-433.

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

Kilkkinen A, Stumpf K, Pietinen P, Valsta LM,
Tapanainen H and Adlercreutz H. Determinants
of serum enterolactone concentration. Am J
Clin Nutr 2001; 73: 1094-1100.

Wang C, Makela T, Hase T, Adlercreutz H and
Kurzer MS. Lignans and flavonoids inhibit aro-
matase enzyme in human preadipocytes. J
Steroid Biochem Mol Biol 1994; 50: 205-212.
Johnsen NF, Hausner H, Olsen A, Tetens |,
Christensen J, Knudsen KE, Overvad K and
Tjonneland A. Intake of whole grains and vege-
tables determines the plasma enterolactone
concentration of Danish women. J Nutr 2004;
134: 2691-2697.

Mazur WM, Wahala K, Rasku S, Salakka A,
Hase T and Adlercreutz H. Lignan and isoflavon-
oid concentrations in tea and coffee. Br J Nutr
1998; 79: 37-45.

Adlercreutz H, Fotsis T, Heikkinen R, Dwyer JT,
Goldin BR, Gorbach SL, Lawson AM and
Setchell KD. Diet and urinary excretion of lig-
nans in female subjects. Med Biol 1981; 59:
259-261.

Franke AA, Halm BM and Ashburn LA. Isofla-
vones in children and adults consuming soy.
Arch Biochem Biophys 2008; 476: 161-170.
Valentin-Blasini L, Blount BC, Caudill SP and
Needham LL. Urinary and serum concentra-
tions of seven phytoestrogens in a human refer-
ence population subset. J Expo Anal Environ
Epidemiol 2003; 13: 276-282.

Lee SA, Wen W, Xiang YB, Barnes S, Liu D, Cai
Q, Zheng W and Shu X0. Assessment of dietary
isoflavone intake among middle-aged Chinese
men. J Nutr 2007; 137: 1011-1016.

Int J Mol Epidemiol Genet 2012:3(1):18-29




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


