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Urinary isoflavonoids as a dietary compliance measure
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Clinical trials investigating the effects of soy tbintake require high compliance with a dietarytpcol.
Measuring soy isoflavonoids in bodily fluids is thst objective method currently available in dsiaing
compliance to a soy diet. In the present study, imestigated how frequently the urinary isoflavahoi
excretion rate (UIER) should be analyzed to pro@deasonably accurate measurement of dietary canggi
without being a burden on the participants. Ninetpeemenopausal women who were on a daily soy diet
protocol collected first-morning urine samples owere menstrual cycle. Spearman rank order coroelati
coefficients (r) between the UIERs of total isoflaedds for a single day, for a week, and for all kee
combined with the monthly UIER were high for all gdes (single day: r = 0.89; Week 1: r = 0.89; Week
r = 0.85; Week 3: r = 0.75; all weeks combined UIER: 0.94) and remained high after stratification b
ethnicity, body mass index, and equol-excretoustatAccording to these results, the analysis &R#H from a
single or weekly first-morning sample provides ghhy accurate and more feasible method of detengini
dietary compliance among women with regular soysaamption than that from urine samples collectedyeve

morning during one month.
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Introduction

practical method for measusring dietary compliance.

Soy consumption has been linked to a reduced rfsk o

various diseases, including cardiovascular diseaseso-
porosis, and prostate and breast caficdtrevious studies
indicate that isoflavones of soy may play a rolepio-
viding such health-protective effeét§. Clinical trials
investigating the effects of soy food intake requirigh
compliance with a nutritional protocol. Measuringp-
flavonoids in bodily fluids is the most objectiveethod
currently available in determining dietary comptianbe-
cause they are highly specific to soy foods andtipebl/
correlated with soy food consumpti6h. Moreover, uri-
nary analysis of isoflavonoids is preferred ovexspha for
its non-invasiveness, its good correlation wittcalating
levels, and its reflection of soy intake over agenperiod

Materialsand M ethods

Twenty subjects were recruited from 110 premenacglaus
women participating in the intervention group ofe th
Breast, Estrogen, and Nutrition (BEAN) Study ddsedi in
more detail elsewherg® The BEAN Study was a two-
year, randomized dietary intervention study coneldidn
Honolulu, Hawaii; the intervention group consumedb t
daily servings of soy foods, providing approximgtébmg
isoflavones. The soy food choices (and their iswife
contents in mg aglycone equivalents) included 1g or
118g tofu (25mg), ¥ cup or 178ml soymilk (27mghclip
roasted soy nuts (26mg), 29g soy protein powdem{6
and 50g soy protein bars (20mg). The original geband

of time!° These advantages are particularly important cothe current substudy were approved by the Commiitee

sidering the constantly changing systemic isofl@midn Human Studies of the University of Hawaii; all peigants
amounts over time after soy or isoflavonoid expesuWe provided informed consents for both studies. Piadius
conducted the present study as part of a largevendon collected first-morning urine samples for one moetbept
trial investigating the effects of regular soy comption on for the days of menstruation. Starting on the finerning

breast cancer risk; 19 pre-menopausal women completedfter menstrual bleeding had stopped, each woman

a daily soy diet protocol during one menstrual eyahd
collected daily urine samples. We then comparediban
urinary isoflavonoid excretion rates (UIER) for mgle
first-morning samples (daily)and for weekly firseming
samples (weekly) with the UIER for first-morningngales
collected during the whole menstrual cycle (monjthty
determine if measuring samples less than daily adié-
quately reflect dietary soy intake and establish a

collected 2mL of first-morning urine samples prior any
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food intake and continued to do this until the nesn-
strual bleeding occurred. Immediately after cditag
the urine samples were stored in the participaindme
freezer. If the participant forgot to collect wione day
or if spot bleeding occurred, she discarded thesedwial
and resumed urine collection the next day.

All urine samples were analyzed for total andi-
vidual isoflavonoid levels (daidzein, genisteinyailein,

the monthly UIER were generally higher than those f
the single week samples. The correlation coeifits for
total isoflavonoids varied between 0.75 and 0.9d tue
magnitude was similar for single isoflavonoids eptcier
equol ¢ = 0.98). As shown in the scatter plots (Fig. 2),
one or two women had a UIER above 50nmol/mg crea-
tinine and another few had a UIER below 10 nmol/mg
creatinine. The correlation for total isoflavonolastween

equol, and O-desmethylangolensin) using high-pressu a single day and the monthly UIER (Fig. 2) wasltlig
liquid chromatography with photo diode-array detect®  weaker than for the all weeks combined samples thith
Inter-assay variability for daidzein (mean = 13.M)p  monthly UIER; however, the correlation was stillrye
glycitein (mean =1.6uM), genistein (mean=3.4 ubf)jd  high ¢ = 0.89). The study included seven women who
O-desmethylangolensin (ODMA) (mean=1.1puM) wereexcreted detectable amounts of equol. Their eguoie-
12%,6%,9%, and 22%, respectively. Absorbance rgadin tion rate tended to be higher than their ODMA etiore
were obtained with a spectrophotometer (Bio Speil16 rate, and their UIER for ODMA and daidzein was lowe
Shimadzu; Columbia, MD). To standardize for unjhar than the UIER of non-equol producers (data not show
volume, creatinine concentration for each urine am Stratification by ethnicity, BMI, or equol-estor status
was determined using the Jaffe reaction based Quawld not alter the correlation between daily and kiee
titative Colorimetric Determination Creatinine KRyoce- UIERs with the monthly UIER (data not shown).
dure No. 555 from Sigma Diagnostics (St. Louis, MO)Interestingly, the mean monthly UIER of the womethw
with an interassay variability of 4.2% and UIERsreve a BMI less than 25kg/frwas higher than the mean UIER

calculated as nmol/mg creatinine.

The first-morning urine samples from each saobj
were prepared to yield one monthly pool (monthbne
single day pool (daily), and two to four weekly ®o
(weekly). The monthly pool consisted of a combirat
of all first-urine samples from each participanheseby a

volume equivalent to 1Q@ creatinine from each sample

was used. The weekly pools consisted of a comibimat
of three first-morning samples for each week using
volume equivalent to 1Q@ creatinine from each day.

of those with a BMI equal to and greater than 26Kg/
(28.2 vs. 18.9nmol/mg creatinine). The women \kith
BMI had lower weekly UIERs during weeks 2 and 3,
while the low BMI women maintained high UIERS
throughout the study period. However, the corietat
between BMI and monthly UIER was not statistically
significant ¢ =-0.38, P =0.11). .

Discussion
This comparison of the UIERs from various colleatio

This included one weekend and two weekday-urine- sanperiods found that urinary isoflavonoid excretidnboth

ples at least one day apart from each other. Bachan

single first-morning and weekly first-morning saegl

had between one to four weekly pools. Single daywas highly correlated with the monthly first-morgin

samples were taken from the same day, in midwegk, &JIER for total and individual isoflavonoids.

one of the three samples used in one of the wemldis.
Statistical analysis was performed using Msoft®

Excel 2000/XLSTAT©-Pro (Version 7.0, 2003, Addin-

soft, Inc., Brooklyn, NY); the significance levebw set at
P<0.05. Spearman rank order correlation coefficidnt
were calculated for total isoflavonoids and forividual
isoflavonoids to assess the degree of correlatewden
the gold standard, the monthly UIER, and the UlIBR&
single day, each week, and all weeks combinedadtii-
tion, we stratified the women into subgroups bynétity
(Asian vs. non-Asian), body mass index (BMI, <2%nkg

Fueth
more, we observed these results using spot urimplea
of first-morning collections, instead of 24-houringr
collection, after adjusting the subjects’ isoflago@xcre-
tion levels by urinary creatinine levels. Basedtbese
results, collecting single and weekly urine sampkas be
considered a reasonably accurate and more practical
approach than collecting urine every morning duong
month to monitor dietary compliance in soy interiam
studies.

One previous study described that the UIERnfane
overnight sample was significantly correlated wéthse-

vs. >25 kg/nf), and equol-exretor status (excretors vs.cond sample collected 48 hours ldfefThis suggests that

non-excretors). Individuals who convert the isoflae

collecting a single urine sample provides adequiate

daidzein to the metabolite equol are hypothesized tformation for recent soy intake. Our current stwdsnt

derive greater benefits from soy consumptibn.

Results
Nineteen of 20 women, aged 44.4 + 2.7 years, cdeygble
the study and collected between 17 and 25 uringkesm

further to investigate how frequently UIER should b
assessed to obtain a reasonably accurate meastiremen
while still being feasible to participants. Equoasvex-
creted in 37% of the women, which was similar te th
reported proportion (~30%) of excretors in omnivueo

Seven women were Caucasian, one was Filipino, thregopulations®*® The lower UIER for ODMA and daid-

were Japanese, six were of mixed ethnicity, and woe
men did not specify. Their body mass index (BMBsw

zein in the equol excretors is very likely due lteit pre-
ferred metabolic pathway converting daidzein toaéqu

25.3 + 6.0 kg/h  The mean UIERs for the different time Nonetheless, equol-excretor status should not taffex

periods were very similar and showed highly sigpaifit
correlations with the monthly UIER (Table 1, Fit).
The correlations for the all weeks combined samyth

total isoflavone excretion levels of our subjecesduse
equol, ODMA, and daidzein have been all includethi
UIER calculation.
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Table 1. Urinary isoflavonoid excretion rates for monthafl days combined), weekly (2 weekdays and weekkzydof
one week combined), and single day samples andrésgiective correlations with the monthly rate

N=19 Mearf Sva Rangé r P
Total Isoflavones Monthly 25.8 18.2 6.7-76.8 1
Week 1 23.6 16.5 1.8-457 0.89 <0.001
Week 2 225 15.5 4.8-66.2 0.85 <0.001
Week 3 27.4 23.2 3.7-94.6 0.75 <0.001
All Weeks 23.9 18.4 1.8-94.6 0.94 <0.001
Single 22.4 18.3 1.7-67.3 0.89 <0.001
Daidzein Monthly 121 10.9 27-464 1
Week 1 104 9.9 0.8-45.0 0.94 <0.001
Week 2 10.6 9.8 2.0-39.0 0.69 <0.001
Week 3 13.4 14.6 0.4 -58.8 0.77 0.001
All Weeks 11.4 11.3 0.4-58.9 0.91 0.001
Single 9.6 10.3 0.5-31.3 0.87 <0.001
Genistein Monthly 5.7 5.0 1.4-21.9 1
Week 1 5.0 45 1.2-195 0.87 <0.001
Week 2 5.1 4.4 1.2-19.6 0.83 <0.001
Week 3 7.1 7.0 0.2-26.6 0.82 <0.001
All Weeks 5.6 5.3 0.2-26.6 0.94 <0.001
Single 5.2 5.6 0.5-20.5 0.86 <0.001
Glycitein Monthly 1.8 1.4 0.3-6.2 1
Week 1 1.6 1.2 0.2-5.6 0.91 <0.001
Week 2 1.6 1.2 0.2-52 0.71 0.001
Week 3 1.9 1.8 04-7.7 0.60 0.015
All Weeks 1.7 14 0.1-7.7 0.85 <0.001
Single 1.6 1.2 0.1-4.6 0.59 0.007
ODMA® Monthly 4.1 3.4 04-144 1
Week 1 4.2 3.0 0-10.3 0.87 <0.001
Week 2 3.3 2.6 0.5-10.9 0.88 <0.001
Week 3 3.4 3.6 0.7-14.3 0.93 <0.001
All Weeks 3.7 3.0 0-143 0.95 <0.001
Single 35 2.7 0.7-9.0 0.88 <0.001
EquoP Monthly 5.6 2.2 1.8-8.0 1
Week 1 6.3 3.3 1.9-93 0.98 <0.001
Week 2 55 2.9 15-9.7 0.99 <0.001
Week 3 4.1 1.9 15-73 0.99 <0.001
All Weeks 4.8 2.0 15-9.7 0.99 <0.001
Single 6.7 4.2 0.7-13.8 0.89 <0.001

2 Values in nmol/mg creatininBResults of 7 womerfO-desmethylangolensin (daidzein metabolite)
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Figure 1. Mean urinary isoflavonoid excretion rates for e@tflavonoid over a time period of 3
weeks in comparison to the monthly excretion ratt @ single day sample

B

Monthly UIER

[e ]
o
|
1

(2]
o
I

Monthly UIER

Monthly UIER

80 +

60 +

40 +

Week 2 UIER

0 20 40 60 80
Monthly UIER

80 +

60 +

40 +

20 +

All Weeks Combined UIER

Monthly UIER

Figure 2. Correlations of total urinary isoflavonoid
excretion rates from Week1 (A), Week 2 (B), Week 3
(C), all weeks combined (D), and a single day sample
(E) to the monthly excretion rate (expressed
nmol/mg creatinine). The dotted line represents the
agreement line. The solid line is the linear regj@s
line for the correlation of weekly or single daythvi
the monthly rate.
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One of the major limitations of the currenidst was
its small sample size of an exclusively female patn
with relatively high soy consumption. These charact
ristics narrow the generalizability of the studfilsdings.
Furthermore, the small sample size made the stafist
analysis more susceptible to the effects of extreatees
and uneven distribution. In particular, the highreta-
tions for equol were due to the presence of many no
excretors whose undetectable values were treaté@”as
during the calculation of correlation coefficient§he
higher correlations of equol relative to the othso-
flavonoids might also have been due to its slovwarma-
cokinetics resulting in less variability over time.

The high inter-individual variability in UIERhay be

Asian versus non-Asian populations) remains to dterd
mined.
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collection. Given the short half-life (5-8 hours) iso-
flavonoids, varying time differences between sowdfo
intake and urine sample collection leads to a laaya-
bility in UIER.**?! In addition, non-compliance with the
dietary protocol and other possible factors, suslnter-
individual differences in bioavailabiliy caused by the
diet or the variability of the gut microflora, mighave
been present. Moreover, although all soy food adwbf
this study were similar in isoflavone content, eduth-
vidual's soy food selection may have in part cdmitéd
to the inconsistency in UIER. The subjects were als
allowed to consume additional soy foods, includiag

mented soy products (miso and natto) containing pre
dominantly isoflavone aglycones that are absorbed a

different efficiencies than non-fermented soy foocds-
taining predominantly isoflavone glycosidés?#
The low excretion rates seen in several ofsiigects

may be due to an inadequate soy intake or to low ab

sorption of isoflavones into enterocyf€$® For example,
a high consumption of insoluble fiber increasesffénlk
and transit time and may interfere with the absonpof
isoflavones due to a lesser amount of isoflavoreiagb
exposed to the gut microflora and overall less tiime
isoflavones to be absorbed. Similarly, consumititgio
foods concurrently with the soy products (e.g.,stoning
tofu in a meal) or different soy products (protdimk vs.
roasted soybeans) may reduce or increase isoflaabne
sorption. Among these factors, a declining dieteoyn-
pliance towards the end of the study period islyike
have contributed to the lower monthly UIER obserired
the high BMI subgroup.

Despite the observed inter-individual varidpilin
UIER, the overall high correlations suggest thatame
suring single day or weekly UIERs provides an adésju
tool to complement traditional methods, such asdfoo
diaries, 24-hour dietary recalls or food frequempye-
stionnaires, to monitor adherence to a daily sey gio-
tocol. However, in populations who do not reguylan-
sume soy different methods are necessary becaunsgyur
isoflavonoids reflect primarily the intake withihe past
48 hours. Since it is unrealistic to expect healfree-
living subjects to collect urine samples every dagpe-
cially for a long term study, our findings offer ap
support that a single day or weekly urine samptema-
vide a reasonably accurate measurement of dailg-adh

rence to soy food consumption. Whether our finding

applies to other studies (cross-sectional, longikid

Aloha Tofu Factory, DrSoy Nutrition, The Solae Compaand
Foodland Supermarkets for supplying us with soylfoo
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