Ecological studies suggest that the risk of certain cancers,
particularly hormone-associated cancers such as breast
cancer, is lower in high soy-consuming populations than
low soy-consuming populations’. Soy contains isofla-
vones, which exert a variety of biological activities in
animal models and in vitro, including anti-oestrogenic,
anti-angiogenic, antiproliferative, antioxidant and weak
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Abstract

Objective: The food-frequency questionnaire (FFQ) can be an efficient tool to
evaluate dietary intake in large, population-based studies, especially for specific
foods. The objective of this study was to validate the assessment of soy and isoflavone
(daidzein and genistein) intakes, measured by an FFQ, by comparing intakes with
serum isoflavone concentrations.

Design and setting: Soy and isoflavone intakes and serum isoflavone concentrations
were determined as part of a case—control study of dietary factors and risks of benign
breast disease and breast cancer. The FFQ, administered during an in-person
interview, included six soy-specific line items. Blood was drawn within one week of
FFQ completion.

Subjects: In total, 1823 women living in Shanghai, People’s Republic of China.
Results: In this population, soybean milk, fresh bean curd and other bean foods were
eaten once per week, and fermented bean curd, fried bean curd puff and soybeans
were eaten less than once per week. A significant linear trend (P < 0.01) in serum
isoflavone concentrations across increasing categories of soy and isoflavone intakes
was observed, indicating that soy and isoflavone intakes, measured by the FFQ, well
distinguished serum isoflavone concentrations. Linear trends were also observed in
both case and control groups in stratified analyses, suggesting little differential bias by
case—control status.

Conclusions: The results suggest that the FFQ provides a useful marker of soy food
consumption and isoflavone exposure in this population.
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behaviours, including greater exercise frequency and

5,6

higher fruit and vegetable consumption’”.

It is difficult to measure associations between soy intake
and breast diseases in populations in which soy intake is
homogeneously high or low, and therefore studies in
populations that have sufficient variation in intake are
needed to detect associations between soy intake and

: 2-4
oestrogenic effects

tumour initiation and progression.

In addition to, or apart from, the physiological effects of
soy components, soy intake may be a marker of other
dietary and lifestyle behaviours that influence disease risk.
Within a diet, soy may be consumed in the place of other
foods, such as high-fat meats. In Western countries, people
who are soy consumers may also engage in other healthy
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— effects which may be important in

disease. Several studies have observed considerable
variation in soy food intake in Chinese populations’ .
Because the food-frequency questionnaire (FFQ) is an
efficient tool to evaluate dietary intake in large,
population-based studies'®, it would be advantageous to
measure soy intake by means of an FFQ. The objective of
the present analysis was to evaluate the validity of soy
intake measured by an FFQ as a surrogate for isoflavone
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exposure, by comparing reported intake with serum
isoflavones in a population of women living in Shanghai,
People’s Republic of China.

Materials and methods

Participants and study procedures

Participants (7 = 2315) were drawn from women who
participated in a case—control study of diet and breast
diseases nested within a randomised trial of breast self-
examination among textile workers in Shanghai, China
(n = 266 064) (Fig. 1). Recruitment into the trial took place
between 1989 and 1991, and follow-up continued to 2000.
Women born between 1925 and 1958 were eligible to
participate in the trial (aged 30-064 years at enrolment).
Further details regarding eligibility for the randomised trial
and baseline data collection have been published
elsewhere'!. Dietary data were collected from women in
the cohort with benign or malignant breast disease
diagnosed between 1 September 1995 and 31 July 2000
and their frequency age-matched controls (Nelson ZC,
et al., in preparation). Case women were eligible for the
case—control study of diet and breast diseases if they were
diagnosed at one of the three hospitals serving the
Shanghai Textile Industry Bureau (STIB).

Two non-fasting blood samples were collected for the
analysis of several nutrients, including isoflavones.
Attempts were made to schedule the diet interview and
blood draw on or prior to the date of the scheduled breast
biopsy for women with benign or malignant breast
disease. Women were excluded from the present analysis
if their blood draw was completed and their FFQ was
administered greater than one week apart (n = 263) or if
serum daidzein or genistein was not able to be determined
(n = 229). The latter resulted primarily from limitations of
the assays (more information provided in Results section).
Reasons for not having blood drawn and FFQ completed
within the same week included good evidence of
malignancy at the time of initial breast lump evaluation;
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if this was the situation, women were admitted
immediately to the hospital for surgery and their blood
was drawn after completion of the initial treatment course.
Also, if women did not wish to provide two blood samples
at the same time for personal or cultural reasons, the
second blood sample was scheduled for a month later, so
that, for menstruating women, the two specimens were
collected in the same phase of the menstrual cycle. Results
are presented for 1823 women. The Institutional Review
Boards at the Fred Hutchinson Cancer Research Center
(FHCRC) and STIB approved the study, and informed
consent by all subjects was obtained prior to their
participation.

FFQ and isoflavone content of foods

The FFQ was administered during an in-person interview.
The FFQ consisted of 107 food items, including six soy
items. The six soy items were: (1) soybean milk, (2) fried
bean curd puff, (3) fresh bean curd (tofu), (4) soybeans, (5)
fermented bean curd and (6) other bean foods like low-
water-content bean curd, soybean curd sheet
and vegetarian chicken. Women were asked ‘During most
of your adult life how often did you usually eat. ..’ for each
of the FFQ food items. Women responded as number of
times per day, week, month or year, or indicated that they
have never consumed the item. Women were also asked
whether each item (yes/no) was consumed yesterday.

To calculate dietary isoflavone intake, median serving
size for the population was based on publicly available
data from the China Health and Nutrition Survey'% Values
for daidzein and genistein for each FFQ line item were
determined using the US Department of Agriculture
(USDA)-Iowa State University (ISU) Isoflavones Data-
base’ and data in Franke et al'*. The USDA-ISU
Isoflavones Database' is a collaborative effort between
the Food Composition Laboratory and the Nutrient Data
Laboratory of the Agricultural Research Service/USDA and
the Department of Food Science and Human Nutrition of
the ISU. Data for isoflavone content of foods were

266064 women enrolled in
Shanghai Breast Cancer Study cohort

2315 participants in the
case—control study of diet

386 breast cancer cases

118 with FFQ and blood draw 268 with FFQ and blood draw
> 1 week apart within one week

|
1929 women with benign
breast disease + controls

|
[ |
1784 with FFQ and blood draw 145 with FFQ and blood draw
within one week > 1 week apart

34 without plasma daidzein 234 with plasma daidzein and
and/or genistein values genistein values

1589 with plasma daidzein and 195 without plasma daidzein
genistein values and/or genistein values

Fig. 1 Participants included in validity analysis of the isoflavone food-frequency questionnaire (FFQ), from the 2315 female Shanghai
textile workers who participated in a diet study nested within a randomised trial of breast self-examination. Darker outlined boxes

indicate participants included in analysis (n = 1823)
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collected from scientific articles published in refereed
journals. Isoflavone data were also obtained by sampling
of soy-containing foods and subsequent analysis at ISU.
The mean values for daidzein and genistein and the
references utilised are presented in the database. Since
publication of this database, Franke et al'* reported
analyses of the isoflavone content of soy-containing foods
consumed by populations in Singapore and Hawaii. This
publication includes analyses of most of the soy items
listed in the Shanghai FFQ. The summary values for
daidzein and genistein for each line of the Shanghai FFQ
were calculated by computing a weighted average of the
values in the USDA-ISU database and Franke el al’s
values. The values from the USDA-ISU database were
weighted by the number of references listed for the food
item. As an example for fermented bean curd, the USDA—
ISU database lists 143 mg daidzein per kg in ‘soybean curd,
fermented’ (one reference), 143 mgkg ™" in ‘tofu, fermen-
ted” (two references), and Franke er al. measured the
daidzein content to be 250mgkg™'. Therefore, the
summary daidzein value for fermented bean curd
is  [(143X 1)+ (143X 2) + (250 X 1)]/4 = 170 mg kg .
Overall, the weight represents the number of articles
cited for each food item; thus, each article providing
information for a particular food item is given equal
weight. Values for fresh bean curd and soybeans were
limited to cooked items. Table 1 presents a summary of
isoflavone values and calculated isoflavone content per
serving for each of the soy foods in the Shanghai FFQ.

Serum daidzein and genistein analyses

Blood specimens were collected into 10-ml Vacutainer
tubes without anticoagulant. After the blood draw, the
tubes were allowed to stand upright at room temperature
for at least 30, but not more than 45, min following
collection in order to allow the contents to clot. If not
processed immediately at 45min, the tube was placed
upright in a cooler with blue ice or placed in a refrigerator
until processing. Blood samples were processed into
serum within 2h of blood draw. The sample was
centrifuged at 1300g for 10min. Serum was aliquoted
into 0.5-ml cryovials, and frozen at —20°C for 1 month or
at —70°C for longer periods, until being shipped to Seattle.
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Specimens were shipped to Seattle on dry ice and
immediately stored at —70°C upon arrival at FHCRC.

Serum isoflavone analysis was conducted using two
different methods. The first 462 samples (25%) were
analysed using liquid chromatography—coulometric array
detection (LC—coularray). To improve assay efficiency and
precision of the serum daidzein and genistein measure-
ments and given greater access to necessary instrumenta-
tion, the remaining 1361 samples (75%) were analysed
using liquid chromatography—mass spectrometry
(LC-MS). Samples were batched with equal numbers of
cases and controls in each batch.

For both LC-coularray and LS—MS, serum concen-
trations less than 3.9 nmol 1~ " for daidzein and 3.7 nmol 1!
for genistein were considered below detectable limit
(BDL) and were assigned the midpoint value of
2.0nmoll™! for daidzein and 1.9nmoll " for genistein.
‘Undetectable’ represents values measured as lower than
the limit of detection and is distinct from values that were
‘unable to be determined’ (as discussed in Participants and
study procedures); values ‘unable to be determined’ were
excluded from analysis.

LC—coularray

Serum samples were frozen and stored at —70°C until
analysis of serum concentrations of daidzein and genistein
by LC—coularray using a modified version of the method of
Gamache and Acworth'®. Briefly, 1ml of serum was
hydrolysed enzymatically and extracted with ether.
Oestriol glucuronide was added as internal standard
before hydrolysis to monitor for loss. High-performance
liquid chromatography (HPLC) analysis was performed
using a 1050 series pump and autosampler (Agilent
Technologies, Palo Alto, CA, USA) coupled to an 8-channel
CoulArray 5600 detector (ESA, Inc., Chelmsford, MA, USA)
using CoulArray for Windows software. HPLC column,
mobile phase, gradient and detector settings were the same
as those described previously'>. Detection limits were
3.9nmoll™" for daidzein and 3.7nmoll™" for genistein.
Two serum controls were run with every batch of 20 study
samples. Inter-day coefficient of variation (CV) for daidzein
(mean = 75.6nmol1™ ") and genistein (mean = 72.6
nmol ™" was 17% and 22%, respectively.

Table 1 Serving size, summary isoflavone values and calculated isoflavone content per serving for each of the soy

foods in the Shanghai FFQ

Daidzein Genistein

Serving Daidzein Genistein per serving per serving
Food item size (g) (mgkg™") (mgkg™" (mg) (mg)
Fermented bean curd 55 170 224 9.35 12.32
Soy bean milk 50 46 61 2.30 3.05
Fried bean curd puff 50 141 280 7.05 14.00
Fresh bean curd 75 120 136 9.00 10.20
Other bean foods 50 158 227 7.90 11.35
Soybeans 50 352 328 17.60 16.40

FFQ - food-frequency questionnaire.
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LC-MS

For analysis by LC—MS, serum samples, frozen and stored
at — 70 °C until analysis, were extracted and analysed using
a modification of the procedures of Lundh et al'® and
Coward et al."’. To serum samples (0.5ml), we added an
internal standard solution of 10ng each of d4-genistein
and ds-daidzein (prepared by Dr Kristiina Wihili,
University of Helsinki, Helsinki, Finland) and 0.98 ml of
0.1M acetate buffer (pH 5) containing 20 Uml '
glucuronidase (Boehringer Mannheim, Indianapolis, IN,
USA) and 2.0 Uml ™! sulfatase (Sigma, St Louis, MO, USA).
Samples were incubated overnight at 37°C and then
extracted using a STRATA CI18E normal phase (silica
200mg/3.0ml solid-phase extraction column (Phenom-
enex, Torrance, CA, USA). The eluent was removed under
nitrogen at 40°C and the residue was reconstituted in
100 pl methanol.

LC—-MS was performed on the extracts using a series
1100 LC/MSD instrument and a ZORBAX Extend
2.1mm X 50 mm C-18 column (Agilent Technologies).

The column effluent was subjected to negative-ion
electrospray ionisation using nitrogen as a drying gas at a
temperature of 350°C and a flow rate of 10.01min~", with a
nebuliser pressure of 20 psi and a capillary voltage of
3.5kV. Selected ion monitoring data acquisition and
processing were accomplished using ChemStation soft-
ware (Hewlett Packard, Palo Alto, CA, USA) operating in
the high-resolution mode. Inter-day variability over four
months of analysis was 6-7% CV for daidzein
(mean = 98.8nmoll™") and 4-5% for
(mean = 129 nmol 1™ Y.

genistein

Statistical methods

Summary statistics of geometric means and 95% confi-
dence intervals, medians and ranges were calculated.
Serum concentration data were log-transformed prior to
analyses. Soy food frequency and isoflavone intake were
divided into quartiles for analysis. Pearson correlations
were calculated between serum daidzein and genistein
concentrations. Linear regression was used to evaluate
differences in mean serum daidzein and genistein
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concentrations across the two assay methods and to
analyse trends in serum concentrations across quartiles.
Because dietary intake was measured at the time of disease
diagnosis and the presence of disease might influence
dietary intake, recall of diet or serum markers of diet,
comparison of dietary intake and serum isoflavone
concentrations was also stratified by case—control status
to examine for differential bias. Interactions between
case—control status and soy/isoflavone intake and
between soy consumption the previous day and soy/iso-
flavone intake were also modelled using linear regression.
Because some analyses in the parent study may be
adjusted for energy intake, additional analyses were
performed, adjusting for total energy intake. Because
season may influence serum isoflavone concentrations,
additional analyses, adjusting for season in which the
serum measurement was taken, were performed. Season
was defined as four 3-month categories; categories were
based on average temperature'®. All analyses were
adjusted for method of isoflavone analysis (LC—MS vs.
LC—coularray). Statistical significance was considered at
P < 0.05. Analyses were conducted using Stata 8.0 (Stata
Corp., College Station, TX, USA).

Results

Intake summaries for each of the soy line items in the
Shanghai FFQ and total soy intake calculated from these
items are presented in Table 2. Two participants reported
never consuming any of the soy line items. Generally,
median intake of individual soy foods was low, with
soybean milk, fresh bean curd and other bean foods each
eaten once per week and fermented bean curd, fried bean
curd puffand soybeans each eaten less than once per week.
At least 70% of women reported consuming, in their adult
life, at least one of the soy items. Approximately half of the
women had eaten soy the previous day, with soybean milk
and other bean foods being the most frequently consumed.
Most women reported that, relative to five years ago, they
were eating the same amount of soy (1 = 869, 48%) or
more soy (n = 7806, 43%) rather than less soy (12 = 169, 9%).

Table 2 In 1823 female Shanghai textile workers, the median and range of weekly consumption frequency of each soy line item in the
Shanghai FFQ, the frequency of ever/never consumption in adult life, whether the item was eaten yesterday, and the average weekly

isoflavone intake contributed by each food item

Median (weekly Range (weekly Ate in adult Ate yesterday, Mean* daidzein Mean* genistein
ltem frequency) frequency) life, n (%) n (%) (mg) (mg)
Fermented bean curd 0.1 0-14 1106 (61) 96 (5) 1.3 15
Soybean milk 1 0-35 1331 (73) 320 (18) 2.4 2.9
Fresh bean curd 1 0-7 1812 (99) 261 (14) 9.3 10.5
Fried bean curd puff 0.3 0-14 1612 (88) 85 (5) 1.9 3.4
Soybeans 0.1 0-7 1302 (71) 36 (2) 1.2 1.2
Other bean foodst 1 0-7 1808 (99) 506 (28) 7.4 10.5
Total 45 0-43 1824 (100) 971 (53) 29.3 39.3

FFQ - food-frequency questionnaire.

* Geometric mean; mean intake of daidzein/genistein contributed from individual and total soy food items.
1 Examples provided on the FFQ for other bean foods: low-water-content bean curd, soybean curd sheet and vegetarian chicken.
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Overall, geometric mean serum daidzein concentration
was 49.6nmoll~" (range: BDL—1610nmol1™") and geo-
metric mean serum genistein concentration was
87.0nmol1~" (range: BDL-3550nmoll™"). Ninety-four
women (5%) had undetectable serum daidzein concen-
trations (2% of samples analysed by LC—coularray and 6%
of samples analysed by LC—MS). Fifty-one women (3%)
had undetectable serum genistein concentrations (4% of
the samples analysed by LC—coularray and 2% of samples
analysed by LC—MS). Mean serum daidzein concentrations
were higher (P <0.01) in samples analysed by LC—
coularray (geometric mean = 76.0 nmoll ™!, range: BDL—
1610nmol1™") than in samples analysed by LC—MS
(geometric mean =42.9nmoll”', range: BDL-
1440 nmoll™"). Mean serum genistein concentrations
were similar by analysis method (P = 0.33): LC—coularray
(geometric  mean = 92.2nmoll™", range: BDL-
1930 nmol1™") and LC—MS (geometric mean = 85.5
nmol 1™, range: BDL-3550 nmol1™"). Correlation between
serum daidzein and genistein was 0.84 (P < 0.01).
Correlations between daidzein and genistein were higher
for samples measured by LC-MS (» = 0.89, P < 0.01) than
by LC—coularray (= 0.69, P < 0.0D). Of the 229 individ-
uals for whom isoflavone concentrations were not able to
be determined, 191 (83%) were analysed by LC—coularray.
This analytical approach is challenged by non-fasting blood
samples with low isoflavone concentrations. Due to
interfering peaks on the chromatogram, daidzein and
genistein could not be confirmed and guaranteed by
coularray for 148 and 100 samples, respectively.

Among all women, significant linear trends (P < 0.01)
were observed across increasing categories of soy food
frequency and across categories of isoflavone intake in
geometric mean serum daidzein (Table 3) and genistein
(Table 4) concentrations. There was approximately a
twofold increase in serum daidzein and genistein
concentrations from the lowest to the highest quartiles.

769

No differences were observed between unadjusted
analysis and analysis adjusted for isoflavone assay method
(unadjusted data not shown). Linear trends were some-
what stronger for controls than for cases, but no significant
interaction was observed between soy intake and case—
control status with serum daidzein (P-value for interaction
=0.27) or genistein (P-value for interaction =0.11)
concentrations. Mean serum daidzein and genistein
concentrations were higher for women who consumed
soy the previous day than for women who did not
consume soy the previous day, but significant linear trends
were observed in both groups of women. No significant
interaction between previous-day soy consumers and
non-consumers with serum daidzein or genistein was
observed. Overall results were similar for serum daidzein
and serum genistein, but increasing trends appeared to be
stronger for serum genistein than for daidzein.

Restricting analysis to samples analysed by LC—MS did
not appreciably change or alter the overall interpretation
of the results (data not shown). Adjusting for total energy
intake or adjusting for season did not appreciably alter
these results. For both analyses adjusted for energy or
adjusted for season, significant linear trends (P < 0.01)
were observed for soy frequency intake and isoflavone
intake with serum isoflavone concentrations. After
adjustment for energy intake or season, similar adjusted
values and confidence intervals were observed for
analyses stratified on case—control status and on
previous-day soy consumption (data not shown).

Discussion

We observed increasing trends of mean serum daidzein
and genistein concentrations across increasing categories
of soy food frequency and genistein and daidzein intakes.
Because genistein and daidzein are the predominant
isoflavonoids in soy foods, these compounds provide

Table 3 Mean* serum concentrations of daidzein (nmoll~") by soy food servings and daidzein intake in 1823 female Shanghai textile
workers: for all women, stratified by case—control status and stratified by soy consumption the previous day

Controls
(n=1590)

All women

Soy food intake (n=1823)

Did not eat soy
yesterday (n= 852)

Ate soy yesterday

Cases (n= 233) (n=1971)

Soy frequency (servings per week)
Q1: 0-2.7 (n = 450) 39.0 (34.6, 44.1)
Q2: 2.7-4.5 (n = 444) 42.1 (37.0, 48.0)
Q8:4.5-7.7 (n=472) 50.4 (44.1, 56.7)
Q4:7.7-43.0 (n= 457) 72.8 (64.2, 83.1)

P for trendt <0.01

P for interactiont N/A

Daidzein intake (mgweek )
Q1: 0—-20.5 (n = 455) 40.6 (35.8, 46.1)
Q2: 20.5-30.0 (n = 456) 43.7 (38.6, 50.0)
Q3: 30.0-43.0 (n= 456) 50.8 (44.9, 57.8)
Q4: 43.0-206.6 (n=457)  67.3 (59.8, 76.8)

P for trendt <0.01

P for interactiont N/A

<0.01

<0.01

39.8 (34.6, 45.3)
42.5 (37.4, 48.8)
50.8 (44.1, 57.9)
78.3 (68.1, 90.2)

40.9 (35.4, 46.5)
44.9 (39.4, 51.5)
53.1 (46.5, 61.0)
70.1 (61.0, 80.7)

34.2 (23.2, 50.4) 29.9 (25.6, 34.6) 63.0 (51.6, 76.8)
38.2 (26.0, 55.9) 29.5 (25.2, 34.6) 64.2 (53.5, 76.8)
47.6 (33.9, 66.1) 31.5 (26.8, 37.8) 75.2 (63.4, 88.2)
51.6 (37.4, 70.9) 40.6 (31.1, 52.0) 87.4 (76.0, 100)
0.09 0.10 <0.01
0.40 0.45
39.0 (26.8, 56.7) 29.5 (25.2, 34.3) 68.1 (56.3, 83.1)
35.4 (23.6, 35.5) 30.7 (26.0, 53.5) 63.8 (53.9, 75.6)
35.8 (24.8, 52.4) 31.1 (26.0, 37.8) 72.4 (61.4, 84.6)
57.5 (47.5, 76.8) 37.0 (29.5, 46.1) 88.2 (76.8, 102)
0.09 0.21 <0.01
0.61 0.53

Controls — women without any disease and women with benign breast disease; cases — women with breast cancer; N/A — not applicable.

*Means presented as geometric mean (95% confidence interval).
1 Adjusted for analysis method of the serum isoflavones.
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Table 4 Mean* serum concentrations of genistein (nmoll~') by soy food servings and genistein intake in 1823 female Shanghai textile
workers: for all women, stratified by case—control status and stratified by soy consumption the previous day

Controls

Soy food intake All women (n = 1823) (n=1590)

Did not eat soy yesterday Ate soy yesterday

Cases (n= 233) (n=852) (n=1971)

Soy frequency (servings per week)
Q1: 0-2.7 (n= 450) 65.2 (56.7, 74.4)
Q2: 2.7-4.5 (n= 444) 71.5 (62.2, 81.5)
Q83: 4.5-7.7 (n=472) 92.6 (80.4, 106)
Q4: 7.7-43.0 (n = 457) 133 (117, 153)

P for trendt <0.01

P for interactiont N/A

<0.01

Genistein intake (mg week )
Q1: 0-26.8 (n = 456)
Q2: 26.8—39.0 (n = 456)
Q3: 39.0-57.0 (n = 456)
Q4: 57.0-262.4 (n = 456)

P for trendt

P for interactiont

65.2 (56.7, 75.2)
76.7 (66.7, 87.4)
95.5 (83.7, 110)
121 (106, 138)
<0.01

N/A

<0.01

65.2 (56.7, 75.9)
71.5 (62.2, 82.9)
93.7 (81.5, 108)
144 (124, 167)

65.9 (56.7, 76.7)
78.1 (67.4, 90.0)
98.5 (84.8, 113)
126 (109, 147)

60.7 (39.6, 91.8)

67.4 (44.1,101)

88.1 (61.5, 128)

90.0 (64.1, 128)
0.11

47.0 (39.6, 55.2)

46.7 (38.8, 55.5)

57.8 (47.8, 69.2)

70.7 (54.1, 92.6)
0.01

117 (93.7, 146)
118 (97.4, 144)
140 (117, 166)
161 (138, 187)
<0.01

0.21 0.87

61.5 (41.1, 92.6)
62.2 (39.6, 97.4)
82.2 (56.2, 119)
97.4 (70.0, 136)
0.06

45.2 (38.1, 53.3)

51.5 (42.6, 61.5)

56.2 (45.9, 68.1)

64.1 (50.0, 81.5)
0.03

123 (98.5, 151)
114 (95.5, 136)
146 (123, 174)
159 (136, 185)
<0.01

0.56 0.95

Controls — women without any disease and women with benign breast disease; cases — women with breast cancer; N/A — not applicable.

*Means presented as geometric mean (95% confidence interval).
1 Adjusted for analysis method of the serum isoflavones.

more suitable biomarkers of soy intake than other soy
isoflavonoid compounds such as glycitein and biochanin
A. We observed trends that, with the exception of daidzein
intake in cases, appeared to increase in a linear manner,
suggesting that increasing intake distinguished serum
genistein and daidzein concentrations. Small differences in
the linear trends for cases and controls were not
statistically significant. It is unlikely that the smaller
sample size of cases explains the lack of statistical
significance in the interaction between cases and controls;
non-significance most likely reflects the fact that, although
the magnitude was somewhat smaller for cases, the
direction of association was the same in cases and
controls, suggesting no substantial differential bias in soy
intake classification by case—control status. Linear trends
in mean serum daidzein and genistein concentrations
were observed across quartiles of soy food frequency
and isoflavone intake, regardless of whether soy was
consumed the previous day or not, suggesting that the
FFQ captures soy intake variation beyond most recent
soy consumption. Overall, the results we observed
suggest that soy food frequency determined by the FFQ
provides a valid measure of soy intake and isoflavone
exposure.

Other studies comparing soy or isoflavone intake
assessed by FFQ or dietary records with overnight urine
or plasma isoflavone concentrations, which evaluated
intake on a continuous scale, reported correlation
coefficients ranging from 0.31 to 0.54%*°72% Our analyses
focused on categorised intake of isoflavones, rather than
continuous intake, for several reasons. First, intake and
serum values of these compounds did not follow a normal
distribution whether log-transformed or not; thus,
correlation analyses may be strongly influenced by small
numbers of individuals with high values for intake or
serum concentrations. Second, because we did not collect
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information on serving size, we would expect that
continuous intake may not provide a wholly accurate
estimate of an individual’'s intake; thus, categories may
provide a more reliable grouping of individuals by intake.
Third, analyses with disease outcome in the parent study
will be conducted using quartiles of intake. Willett*
discusses several advantages for this approach, including
visualisation of how actual numbers of cases and controls
vary by level of intake, visualisation of trends as being
compatible with linearity or non-linearity, and constrain-
ing any undue influence of outlying data points which
may be most affected by errors in data collection.

Few large-scale observational studies have measured
serum isoflavone concentrations. Average concentrations
observed in several Japanese studies range from 120 to
283 nmol 1~ ! for daidzein and from 415 to 492 nmol 1™ for
genistein'”?*%. In the USA, we observed considerably
lower average serum isoflavone concentrations in
previous studies: 6.89-8.90nmoll™" for daidzein and
12.1-16.9nmol 1™ " for genistein®**?”. Similar to the US
studies, Morton et al.* observed average serum isoflavone
values in British men of 17.9nmoll™" for daidzein and
33.2nmoll™" for genistein. In the present study we
observed serum concentrations of daidzein and genistein
of 50.0nmoll™" and 87.0nmoll™", respectively,
suggesting that isoflavone exposure in this population of
Shanghai women is less than that of Japanese populations,
but higher than that of Western populations.

Soy intake, as measured by weekly consumption of
isoflavones, appears to be lower than in other Chinese
populations. We observed that women in this study
consumed, on average, 29 mg of daidzein and 39 mg of
genistein per week. This is within the range of isoflavone
intake that has been observed in Western populations (<1
to 80mgweek )*"*® but is less than that observed in
other studies of urban Chinese women, which have
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observed average isoflavone intakes in the range of 82 to
286 mg per week”?”% including one study conducted in
Shanghai, in which weekly mean isoflavone intake was
286 mg’. Lower intake in this population may indicate a
shift in diet towards less soy food consumption. However,
only 9% of women reported eating less soy now than five
years previously. The lower estimated isoflavone intake
may also be a consequence of using the median serving
size of the population, which may have been under-
estimated, for all participants in our study.

There are several potential limitations in this study
related to the collection of dietary data and to the
measurement of serum isoflavones. One limitation was
that median serving size for the population was used to
calculate isoflavone intake for all participants. Willett
summarises results from several studies that indicate that
individuals are relatively inaccurate in recalling portion
sizes and that the majority of intake variability is from
frequency of consumption rather than serving size*. Thus,
not collecting serving size information likely reduced the
intake values but did not markedly alter an overall ranking
of individuals by intake. However, if reduction in the
variability in dietary intake did occur, this would represent
a source of non-differential bias and would have reduced
the ability to detect an association between soy intake and
serum isoflavone concentrations. In this circumstance, our
results would be conservative.

With respect to measurement of serum isoflavones, one
limitation is the difference in mean serum daidzein
concentrations across isoflavone methods. This was not
observed for genistein and was not observed for quality
control samples tested by both assays. There are several
possible reasons for the discrepancy. With consumption of
soy foods, serum daidzein concentrations are 40% lower
than genistein concentrations, so are more likely to be
near the detection limit with low soy intake. As illustrated
in Table 1, compared with genistein, daidzein is typically
found in lower concentrations in food and this likely
contributes to lower daidzein concentrations in serum.
Given the chromatography conditions of our assay,
daidzein also eluted at a time where there tended to be
more peaks, compared with genistein. Both of these
factors made confirmation more difficult for daidzein than
for genistein. None the less, the relationships between
dietary intake and serum concentrations were similar for
genistein and daidzein, suggesting that this difference
across assay methods contributed little to the overall
findings. Another concern is that we were unable to
confirm daidzein (46% of unconfirmed samples), genistein
(24%) or both (30%) for 30% of the samples analysed by
LC—coularray (9% of samples overall). The limitations of
this assay resulted primarily in the exclusion of samples
with low isoflavone concentrations, which would rep-
resent a differential bias of exclusion by soy intake group.
Although it is uncertain whether and in which direction
these exclusions biased the results, we hypothesise that
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these exclusions would be likely to inflate the mean serum
isoflavone values in the smallest intake category, and thus
would reduce the slope of the association across intake
categories and attenuate the overall association. None the
less, in our study, adjustment for analysis method did not
change the association between dietary intake and serum
concentrations of daidzein or genistein, suggesting that
these differences did not markedly influence our results.
Another limitation is that blood samples were non-fasting,
which would also probably result in non-differential bias
in serum concentrations in relation to soy intake. Because
a single serum sample was collected rather than multiple
samples over time and that single serum sample was
compared with usual adult intake, we would expect
decreased ability to detect an association. A final limitation
is that because the half-life is approximately 4—8h for
daidzein and 6-8h for genistein® % serum concen-
trations are generally considered a biomarker for recent
intake. Urinary isoflavone measures are considered to
integrate exposure over a longer time period; however,
blood and urinary isoflavones in relation to dietary intake
are similarly correlated®®, suggesting that serum concen-
trations provide a similar ranking in relation to dietary
intake. Given this short half-life of serum isoflavones,
repeated blood isoflavone measurements would likely
improve the associations between intake and serum
concentrations observed in this study. Overall, there are
several sources of potential non-differential bias in our
study; thus, the associations between serum isoflavones
and dietary soy and isoflavone intake we observed may be
conservative.

Despite a number of sources of potential non-
differential bias, we observed a linear trend across serum
isoflavone concentrations, objective biomarkers of soy
intake®®, with increasing soy food consumption frequency
and with increasing isoflavone intakes, subjective markers
of soy intake. These results suggest that soy intake
measured by the FFQ provides a useful marker of soy
intake and isoflavone exposure in this population of
women.
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