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INTRODUCTION
Isoflavonoids (IFLs) are suggested to protect against many chronic diseases including
breast, prostate, lung, and colorectal cancer, osteoporosis and cardiovascular disorders, as
well as to ameliorate menopausal symptoms (1-9). Exposure to IFLs occurs primarily
through the intake of soy products that typically contain a total of 0.01–0.3% IFLs primarily
composed of the glycosides of the IFLs daidzein (DE), genistein, and glycitein, which are
associated with the protein fraction of soy foods (reviewed in 10, 11). Several lines of
evidence support the protective effects of soy intake or IFL exposure against breast cancer in
adulthood (7, 9, 12, 13) but particularly when consumption begins at an early age (14-18).

Equol (EQ) is a metabolite formed from intestinal bacteria during digestion by chemically
reducing DE (10, 19). It is postulated by some that EQ accounts for many, if not most of the
benefits of soy consumption (20). Approximately 30-35% of the western population (21-23)
and up to 60% of vegetarians (24) and Asians (25) possess the ability to produce EQ.
However, whether an individual’s ability to produce EQ is stable and results in beneficial
health outcomes has been widely debated (reviewed in 26, 27, 28).

Another topic of debate is whether diet can influence an individual’s ability to produce EQ
as results from observational and feeding studies have, so far, been inconsistent. Some (22,
23, 25, 29, 30), but not all (24, 31, 32) studies have observed relationships between EQ
production and soy, animal products and green tea. Two studies reported that consumption
of a high-fiber, low-fat diet may contribute to EQ production (22, 23), but this observation
was not consistent (31, 33, 34). At least one study reported that long-term soy ingestion
could convert EQ non-producers (NP) to EQ producers (EP) (35); in contrast, another study
involving premenopausal women proposed that “once an EQ producer, always an EQ
producer” (36). The variability in responses from these studies could conceivably be due to
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small sample size (n = 6) (35) or the administration of large amounts of pure compounds
(e.g. [13C]daidzein) as opposed to isoflavones contained naturally in food matrices. In
general, the role of diet on EQ production remains uncertain.

Due to the inherent involvement of the intestinal microbiota in the production of EQ (37),
some antibiotics have been found in one in-vitro (38) and one animal (39) study to inhibit
EQ production. These findings led to the current belief that individuals on antibiotic
treatment are NP for extended periods of time.

We sought to determine a robust EQ cutoff criteria for EQ producer classification. We also
intended to determine whether EQ producer status is best determined by plasma, spot urine,
or overnight urine and whether it remains consistently expressed over 2.5 years in a cohort
of 350 women, half of them challenged daily with soy protein (soy group) and half with
milk protein (placebo group). In addition, we assessed whether antibiotic treatment
influences EQ production in these postmenopausal women.

METHODS
Study design

The Women’s Isoflavone Soy Health (WISH) study was a randomized, double-blinded,
placebo-controlled trial in which postmenopausal women, predominantly Caucasians, were
randomly assigned to receive either 12.5g soy protein (soy group) or a placebo-matched
milk protein (placebo group) twice daily. The details of the study were reported previously
(40). In brief, each protein source was consumed as powder after mixing it with food or
liquids or as a protein bar providing 12.5-13.6 g of soy or 12.8-14.6 g of milk protein. Daily
IFL doses from the protein sources during the study were approximately 90 mg in the soy
and none in the placebo group. Specimens to measure IFL levels were collected at baseline
and every 6 months thereafter for 2.5 years. Subjects collected overnight urine samples
during the entire night including the first morning void after emptying their bladders before
retiring and discarding that latter void. Overnight urine samples were collected during the
night prior to clinic visits and were subsequently delivered to the laboratory. Spot urine,
usually the next urinary void following the first morning urine of the overnight urine
collection, and (EDTA) blood samples were collected in a fasted state at clinic visits.

Specimens from all 6 visits over 2.5 years were available in the soy group from 140 subjects
who donated plasma, 135 who donated spot urine and 106 who donated overnight urine;
corresponding numbers in the placebo group were 130 (plasma), 120 (spot urine) and 98
(overnight urine). Samples from more than 2 visits were available in the soy group from 151
subjects who donated plasma, 152 who donated spot urine and 151 who donated overnight
urine; in the placebo group those numbers were 147 (plasma), 148 (spot urine) and 148
(overnight urine). These numbers included those subjects who did not reach the EQ cutoff
criteria including the DE thresholds (see below).

All specimens were immediately processed and stored at − 80°C until analyzed. The study
protocol for this intervention was approved by the Institutional Review Board of the
University of Southern California, Los Angeles. All participants signed a written informed
consent form.

Biochemical analyses
DE and EQ in addition to other IFLs were analyzed in overnight urine, spot urine and
plasma by liquid chromatography/tandem mass spectrometry and urinary creatinine
concentrations were measured with a Roche-Cobas MiraPlus chemistry autoanalyzer, all as
detailed previously (11, 40).
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Equol status determination was performed based on previous suggestions in the literature in
four different ways by using as cutoff an EQ/DE ratio of 0.018 (24) but –as a new selection
criterion- after applying a minimum DE limit (DE threshold) of either 2 or 5 nmol per mg
creatinine (nmol/mg) when urine was used and either 20 or 50 nM when plasma was used
(EQ/DE 2, EQ/DE 5). Thus, the EQ/DE cutoff to define EP versus NP was only considered
among subjects who reached the given DE threshold. Alternatively, the EQ status was
determined using as cutoff an absolute EQ value of either 0.5 or 1.0 nmol/mg when urine
was used, or either 5 nM or 10 nM when plasma was used (EQ0.5, EQ1.0) without applying
a DE threshold (i.e., among all subjects). Those subjects remaining at all measured times
above or below the cutoff were defined as EP or NP, respectively, while those changing
between EP and NP status were defined as crossers (CR). Within the CR, those switching
from NP to EP during the study were defined as CR+ and vice versa as CR−.

Statistical analyses were performed with the SAS 9.2 software (SAS Institute, Cary, NC).
Descriptive statistics are reported for EQ status, the concordance of EQ status measures, and
antibiotic use. To avoid inconsistencies associated with infrequent and/or missing
collections at any point during the study, statistical analyses focused on those individuals
providing complete IFL data of all 6 urine or plasma collections across all visits. For
inferential tests, repeated measures ANOVA assessed changes in EQ levels (continuous
variable) over time. The independent variable was visit number (time). Separate analyses
were run for the soy and control groups. The chi-square test of independence assessed
associations between categorical variables. ANOVA tests were appropriate since the
dependent variable was equol level, the latter being continuous in these analyses. Sample
sizes after cutoffs and DE thresholds were applied as given in tables 1-2.

RESULTS
Although the placebo group was not given any soy products during the study, approximately
one-third to half of the placebo subjects were exposed to sufficient IFLs (probably through
their habitual diet) so that our criteria for EQ producer status were met (Tables 1 and 2).
Since cutoffs used EQ levels sufficiently high to be measured accurately or applied DE
thresholds sufficiently high to be measured accurately, misclassification of EQ status was
minimized.

There was no significant change in mean EQ production over time (p>0.58) in any of the
three matrices (plasma, spot urine, overnight urine) between baseline and month 30 for the
placebo group and between month 6 and month 30 in the soy group (i.e., after initiation of
active soy intervention; data not shown). The distribution of EP, NP and CR in the soy and
placebo groups was consistent when spot urine and overnight urine values were compared,
but the distribution differed between urine and plasma values (Table 1). Owing to
differences in pharmacokinetics, including elimination half-lives between DE and EQ, an
individuals’ EP status is easily misclassified using a single plasma collection (see
Discussion). Therefore, we describe in the following results exclusively from overnight
urine due to its much longer integration of excretion versus spot urine, rendering overnight
urine the most dependable matrix among the three matrices tested. Similarly, unless
otherwise mentioned, we report data obtained from subjects who collected all 6 overnight
urine during the study in order to avoid inconsistencies.

Irrespective of which EQ cutoff was applied, we observed approximately 30% EP in the soy
and also in the placebo group (except for EQ 0.5 and EQ 1.0 cutoffs in the placebo group);
however circa 10-15% CR were found in the soy group and around twice as many CR in the
placebo group. When EQ producer status was defined on an absolute basis (e.g. EQ 0.5 and
EQ 1.0; this mode does not include a DE threshold), the EP percentage in the soy group was
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again in agreement with the findings using a relative cutoff but an extremely low portion of
EP (1-2%) was observed in the placebo group (Table 1).

CR were classified exceptionally consistently between the four different methods to assess
EQ status in the soy group (concordance 0.90 – 0.97, data not shown) and only somewhat
weaker in the placebo group (concordance 0.50 – 0.94, data not shown). In the soy and
placebo groups crossings occurred on average 1.4 and 1.7 times per CR (similarly
distributed between CR+ and CR−), respectively, while EQ production changed
dramatically, on average 50-117 and 28-90 times, respectively, depending on the cutoff
mode applied (data not shown).

Surprisingly, the proportion of antibiotic users did not differ significantly between EP, NP
and CR, in either the soy or placebo groups irrespective of which EQ cutoff method was
applied. However, there were consistently more antibiotic users in the soy (22-36%) than in
the placebo (11-21%) group (Table 2). In fact, even when any EQ producer cutoff and any
participant with more than 2 overnight urine collections were considered there were, on
average, twice as many antibiotic users (p≤0.02) but only half as many CR (p<0.01) in the
soy compared to the placebo group (Table 3). This unexpected inverse association (more CR
with less antibiotic treatment) became significant in the placebo group under selected cutoff
modes (EQ0.5 with DE thresholds with all 6 or ≥ 2 plasma collections, EQ/DE 2 with more
than 2 overnight urine collections; data not shown). Interestingly, among antibiotic users we
found significantly more changes from NP to EP status (CR+) than vice versa (CR−), but
only in selected matrices and specific cutoff modes (data not shown).

To determine the influence of timing of antibiotic treatment on EQ production, we evaluated
exclusively data from the specimens that were collected closest to before and after antibiotic
treatment while considering any DE threshold and matrix. However, no significant
associations between antibiotic treatment and EQ status were observed (data not shown). To
better understand the influence of individual antibiotic treatment on EQ production we
investigated, in detail, overnight urine from all antibiotic treatment individuals who provided
at least 2 collections (with at least one overnight urine before and one after antibiotic
treatment) and applied the EQ/DE 2 cutoff (providing the most robust and dependable
results, as detailed in the discussion). Using this more defined limitation, we ended up with
43 antibiotic treatment individuals for detailed analysis. However, again, we did not observe
any consistent trend in EQ status change by type of antibiotic treatment, dosage, number of
days of antibiotic treatment course, or timing of antibiotic treatment relative to overnight
urine collection (Table 4).

Amoxicillin (penicillin group) users displayed both decreases (from −12 to −1.3 fold in three
users) and, unexpectedly, increases in EQ production (+1.4 to +200 fold in seven users, two
of which became CR+). These observations could not be explained by timing, total dose, or
days of antibiotic treatment course. For Cephalexin (cephalosporin group), five of the six
users showed increased EQ production, with one individual changing EQ status. Similar to
Amoxicillin users, neither timing nor dose could explain the EQ production changes.

Doxycycline (tetracycline group) users, while small in number (n=4), also displayed
severalfold both increases and decreases in EQ production. Also, while the fold change for
one of the four individuals was not dramatic (−2 fold), it was sufficient to change the
individual’s EQ status.

Within specific antibiotic classes, we also observed considerable variability and
inconsistency with regards to direction of fold change in EQ production. For example,
within fluoroquinolones, we observed positive fold changes (+2 to +26, Levofloxacin users)
but also extremely negative fold changes (−1329 and −496, Moxifloxacin users), while
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Ciprofloxacin users showed both positive and negative changes (−15 to +12.5), as did
macrolide users (Azithromycin 0 to +2 versus Clarithomycin −5). Among the 43 subjects
undergoing antibiotic treatment during the 2.5 year duration of this study, the extent of fold
change, either positively or negatively, was often extensive (Amoxicillin, Moxifloxacin
users), but it was usually not large enough to cause a change in EQ status. Among the 43
participants who provided at least one overnight urine before and one overnight urine after
antibiotic treatment, 35 subjects (81%) maintained EP status and 4 (9%) maintained NP
status; only 1 participant (2%) lost EQ production (CR−) and 3 subjects (7%) became EP
(CR+).

Overall, results from overnight urine with all 6 collections did not change substantially when
data obtained from spot urine or including values from subjects who provided at least 2
specimens during the study were used, underscoring the robustness of the presented
findings.

DISCUSSION
The pharmacokinetics of DE fundamentally differs from that of EQ (41, 42). DE (or its
hydrolyzed esters) is absorbed just minutes after intake and peaks around 7-8 hours after
consumption, depending on whether the aglycon or glycoside is consumed (43), reviewed in
(44). In contrast, the appearance of EQ in plasma is delayed at least 6-8 hours after intake of
DE or its esters mainly as a result of time needed for transit to the colonic bacteria where the
DE-EQ conversion takes place (41, 42). In addition, the elimination half-life of EQ is much
greater than that for DE (45). Therefore, misclassification of EQ producer status easily
occurs when using a single blood specimen: DE will be overrepresented in samples obtained
very early after soy or IFL exposure, whereas EQ will be overrepresented in those obtained
very late after exposure. In contrast, a urine value reflects an integration of time over the
collection period (approximately 8 hours for overnight urine), which thereby bypasses most
problems associated with the rapid changes of IFL levels, including DE and EQ, in human
specimens over time (46). In this respect, spot urine is less desirable than overnight urine
which, in turn, is inferior to 24-hour urine. However, there are many compliance-related
issues associated with 24-hour urine collections that are absent using overnight urine or spot
urine collections (47). For these reasons, spot urine and overnight urine were exclusively
collected in WISH. Because of the disadvantages of spot urine and plasma, we present data
mainly from overnight urine collections. We also focus on data obtained from subjects who
collected the complete set of all 6 overnight urine during the study in order to avoid
inconsistencies connected with infrequent collections (only at the beginning of the study
versus only at the end of the study versus missing collections at various time points during
the study).

Data from all 6 overnight urine collections showed that circa 30% of the participants were
consistently EP in the soy and placebo groups, which is in excellent agreement with
previous findings in Caucasian populations (27). When using the absolute EQ cutoffs
(EQ0.5 and EQ1.0), again circa 30% EP were identified in the soy group but only 1-2% in
the placebo group; the latter increased to 15-20% if DE thresholds were included (data not
shown). The erroneously low 1-2% EP in the placebo group using the EQ0.5 and EQ1.0
cutoffs is probably due to inclusion of all subjects in this group, e.g. placebo participants not
exposed (sufficiently) to IFLs, into the calculation which consequently led to an erroneously
large denominator. This may also have caused the weakening of the generally very high
concordance values in the placebo group when identifying CR using the 4 different EQ
status assessment methods. Therefore, the absolute EQ cutoff, as applied in this study is only
of limited value (i.e., only for the soy group) and we conclude that a DE threshold should be
included in any evaluation of EQ status. In addition, we favor the use of a EQ/DE ratio for
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EQ status evaluations as suggested previously (24). A ratio of product versus educt is the
usual procedure in evaluating enzyme activity or in classifying a phenotype that is of major
interest in evaluating whether the benefits of IFL exposure are due to the biological causes
leading to EQ from DE (48), reviewed in (27, 49). A product/educt ratio is particularly
superior when urine is used as urine levels can be used without the need of converting urine
concentrations to an excretion value. The latter may require a timed urine collection (43),
which is difficult to obtain in large studies or, as the next best solution (albeit not perfect),
may require adjustment to creatinine levels in order to adequately consider urine volume
variability (46). The additional DE threshold when evaluating EQ status will assure
sufficient substrate exposure that avoids noise in the ratio caused by the high variability at
low EQ and DE levels mainly due to analytical inaccuracies. At higher analyte levels (as
assured by incorporating a DE threshold), variability-related errors are several-fold smaller
and, consequently, EQ/DE ratios are much more consistent. Finally, the EQ/DE ratio with a
DE threshold minimizes misclassifications of EQ phenotypes if EQ is unintentionally
present due to external exposure, e.g., through the diet (dairy products, etc.) or by
supplementation. Therefore, we suggest using the EQ/DE 2 mode to identify EP, which may
unify the previous inconsistent definitions by others, mostly the lowest level of EQ that
could be quantitated with the applied analytical technology (25, 50, 51).

The unexpected finding of a relatively high portion of CR is in agreement with our previous
anecdotal evidence (52) and concurs with previous findings that EQ production is stable not
in all but only “in most individuals over 1-3 years” (50) or “over 1 year “ (51), or “in 85% of
individuals over 1.5 years” (25). A previous study using spot urine from 112 men and
women after a 3-day soy challenge 1-3 years apart found not only 11% CR− but also 8% CR
+ in their cohort and, most importantly, no marked change in EQ status by current (within 3
mo) or recent (> 3 mo) antibiotic treatment (50). This is in excellent agreement with our
results. The somewhat smaller proportion of CR reported previously versus in this study
may be due to the different cutoff modes selected, due to the different population
investigated, or due to other factors.

The higher portion of CR in our placebo versus soy group may be due to differences in the
absolute IFL exposure and/or dietary intake; the latter previously reported to influence EQ
production (22, 23, 31, 33-35). While our placebo group was exposed to relatively small IFL
levels exclusively by their habitual diet, i.e., natural or native and little processed soy foods,
the soy group had an overall higher IFL exposure which was mostly due to highly processed
soy, namely soy protein. A randomized, controlled, and cross-over designed intervention
study with native soy foods is currently being evaluated by the authors and will shed more
light on this hypothesis.

Antibiotics, designed to drastically reduce the growth of certain bacteria, have been
associated with disturbances in the normally stable microbiota of the gut. Depending on the
group of antibiotics, these disturbances include the elimination and/or suppression of certain
bacteria, development of antibiotics resistance among bacteria, but also overgrowth of
indigenous or pathogenic microorganisms (reviewed in (53)). Considering that EQ is formed
exclusively by the gut bacteria (37) it is reasonable to suspect that antibiotic treatment may
profoundly affect EQ production and, consequently, EQ producer status.

In the present study, however, and in agreement with a previous report (50), we found no
significant correlations between antibiotic treatment and EQ production or status (Tables 3).
Also, extreme inconsistencies were observed regarding the timing of antibiotic treatment
and EQ production when we considered exclusively those data that derived from overnight
urine collected closest to before and after antibiotic treatment (Table 4). Antibiotic treatment
type, class, dosage and timing before specimen collection, probably the most important
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parameters causing biological antibiotic treatment effects, led to variable and inconsistent
increases, decreases or no changes in EQ production. Interestingly, most EP did not change
their EQ status after antibiotic treatment (Table 4). Decreases in EQ production were
expected due to the originally designed function of antibiotics to reduce bacteria growth and
particularly, due to our previous results in monkeys showing marked decreases in circulating
EQ concentrations upon oral treatment with most antibiotics tested (39). On the contrary, the
increases in EQ production after antibiotic treatment observed in this study were unexpected
but not inconceivable since bacteria not targeted by antibiotic treatment will experience a
selective advantage and may even overgrow (53). In fact, our previous monkey study found
unchanged EQ production during Doxycyclin treatment and even increased EQ production,
albeit not significant, 8 weeks after Doxycyclin or Kanamycin treatment (39).

Interestingly, among the 43 subjects undergoing antibiotic treatment during the 2.5-year
duration of this study, 35 (81%) were EP and 4 (9%) were NP, and all 39 maintained their
respective status after antibiotic treatment. Only 1 participant (2%) was an EP who lost EQ
production (CR−) after antibiotic treatment whereas 3 subjects (7%) became EP (CR+) after
antibiotic treatment. Whether this high portion of EP among antibiotics users is by chance or
due to biological causes inherently connected with EP status needs to be investigated in
future studies.

Many different bacteria have been identified that are capable of converting DE to EQ
including Lactobacillus, Lactococcus, Slackia, Enterococcus, Eggerthella, Adlercreutzia
species and others, but the specific ones performing the DE to EQ conversion in humans are
still unknown (37). It is, therefore, difficult to predict which and how certain antibiotics will
affect EQ production in vivo in humans. It was outside the realm of our study objectives to
conduct bacteria profiling, thus, we can only speculate that differences in gut bacteria (38)
caused by antibiotic treatment, the underlying disease leading to antibiotic treatment use,
diet and lifestyle, or the combination of these or other factors may have contributed to the
variable DE metabolism, and consequently EQ production among the antibiotics users.
Timing of antibiotic treatment with respect to effects on gut bacteria is important to consider
as the colonic microorganisms are reestablished usually one month after completion of
antibiotic treatment, rarely only after up to 45 days and often already after 2 weeks
(reviewed in (53)). Again, our overall results did not change when we considered
exclusively those time frames.

Strengths of this study are foremost the very large number of participants, the long period of
the study, the frequent sample collection from the same individuals, the meticulous
recording of antibiotic treatment, the state-of-the-art methodology to measure IFLs, and the
ability to examine the relationship of plasma, overnight urine and spot urine since all
specimens were collected at the same time. However, this study was limited by observations
restricted to postmenopausal women, which precludes generalization to other age groups
and to men. On the other hand, this led to a very homogenous cohort, avoiding many
confounders.

In summary, for EQ status determination we found urine, particularly overnight urine, to be
superior to plasma and, as cutoff, the use of an EQ to DE ratio of 0.018 with a DE threshold
of 2 nmol/mg to result in the most consistent EQ classification. We found consistently that
circa 30% of our cohort were EP, which is in excellent agreement with previous reports.
However, the soy versus placebo group had less CR (14% versus 35%) but more antibiotic
treatment (27% versus 17%) using overnight urine and a EQ/DE 2 cutoff. This inverse
association was significant and the overall findings did not change using any EQ cutoff or
including data from subjects who provided more than 2 overnight urine collections.
Antibiotic type or class, duration, dose, or time between antibiotic treatment and overnight
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urine collection showed no consistent influence on EQ production. Studies need to realize
that antibiotic treatment can decrease, but also increase a portion of the over 600 microbial
species in the human intestine, or not affect them at all. Other factors, alone or in
combination with antibiotic treatment have to be considered as causes for EQ production
changes in humans.
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TABLE 1

EQ producers (EP), EQ nonproducers (NP), crossers (CR)1 and all subjects in the soy and placebo groups
using different EQ cutoff methods2

EO cutoff method 3 Plasma Spot Urine Overnight Urine

EQ status Soy Placebo Soy Placebo Soy Placebo

EQ/DE 2 100% (138) 100% (90) 100% (122) 100% (51) 100% (102) 100% (46)

EP 46% (64) 69% (62) 32% (39) 25% (13) 33% (34) 30% (14)

NP 20% (27) 3% (3) 50% (61) 37% (19) 53% (54) 35% (16)

CR 34% (47) 28% (25) 18% (22) 37% (19) 14% (14) 35% (16)

EQ/DE 5 100% (131) 100% (65) 100% (105) 100% (33) 100% (97) 100% (28)

EP 44% (58) 63% (41) 32% (34) 24% (8) 34% (33) 21% (6)

NP 23% (30) 8% (5) 55% (58) 45% (15) 57% (55) 46% (13)

CR 33% (43) 29% (19) 12% (13) 30% (10) 9% (9) 32% (9)

EQ 0.5 100% (140) 100% (130) 100% (135) 100% (120) 100% (106) 100% (98)

EP 43% (60) 24% (31) 23% (31) 1% (1) 28% (30) 2% (2)

NP 28% (39) 29% (38) 57% (77) 70% (84) 57% (60) 68% (67)

CR 29% (41) 47% (61) 20% (27) 29% (35) 15% (16) 30% (29)

EQ 1.0 100% (140) 100% (130) 100% (135) 100% (120) 100% (106) 100% (98)

EP 28% (39) 4% (5) 22% (30) 1% (1) 26% (28) 1% (1)

NP 41% (58) 52% (68) 59% (79) 79% (95) 58% (61) 73% (72)

CR 31% (43) 44% (57) 19% (26) 20% (24) 16% (17) 26% (25)

EQ-equol; DE-daidzein

1
Changing from EP to NP or vice versa

2
Those subjects considered who provided all 6 collections of plasma, spot urine, or overnight during the 2.5 years of this study

3
Cutoff method for equol producer status

EQ/DE 2 = ratio EQ/DE≥0.018 and DE threshold of ≥2 nmol/mg creatinine

EQ/DE 5 = ratio EQ/DE≥0.018 and DE threshold of ≥5 nmol/mg creatinine

EQ 0.5 = EQ excretion of ≥0.5 nmol/mg creatinine

EQ 1.0 = EQ excretion of ≥1.0 nmol/mg creatinine

Absolute number of participants in parentheses; values for all parttcipanTS balded

Sum of %age of EP, NP and CR within each cutoff method may deviate from 100 due to rounding
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TABLE 2

Antibiotics use in equol producers (EP), equol nonproducers (NP), crossers (CR) and all subjects in the soy
and placebo groups using different EQ cutoff methods1

EQ cutoff method2 Antiblotic treatment X2 P

EQ status Soy Placebo Soy Placebo Soy Placebo

EQ/DE 2 27% (28) 17% (8)

EP 26% (9) 21% (3) 0.56 0.45 0.76 0.80

NP 26% (14) 13% (2)

CR 36% (5) 19% (3)

EQ/DE 5 29% (28) 14% (4)

EP 27% (9) 17% (1) 0.35 0.11 0.84 0.94

NP 31% (17) 15% (2)

CR 22% (2) 11% (1)

EQ 0.5 28% (30) 15% (15)

EP 30% (9) 0% (O) 0.13 1.19 0.94 0.55

NP 28% (17) 13% (9)

CR 25% (4) 21% (6)

28% (30) 15% (15)

EP 29% (8) 0% (0) 0.24 0.72 0.89 0.70

NP 30% (18) 14% (10)

CR 24% (4) 20% (5)

EQ=equol; DE=daldzein; X2 (chi squre); p value comparing EP, NP, and CR

Absolute number of participants on antibiotic treatment in parentheses; values for all participants on antibiotic treatment bolded; data for all subjets
(with and without antibiotic treatment) in Table 1

1
Those subjects considered who were on antibiotics treatment and provided all 6 collections of plasma, spot urine, or overnight urine during the 2.5

year duration of this study

2
cutoff methods for equol producer status as detailed in Table 1
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TABLE 3

Mean ratio of antibiotics use and crossers in the soy and placebo groups using any EQ cutoff method1 and ≥ 2
overnight urine collections during the 2.5 years of this study

Groups Antibiotic
treatment P 2 Crosser P 2

Soy 27±3%3 ≤0.02 12±5%4 <0.01

Placebo 13±2%3 29±8%4

1
EQ cutoff methods detailed in Table 1

2
P values comparing soy and placebo groups within antibiotic treatment and crosser categories

3
Mean % antibiotics use within soy or placebo groups ± SE

4
Mean % individuals crossing the EQ cutoff within soy or placebo groups ± SE rneans~medians
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TABLE 4

Changes in EQ production as a function of antibiotics use

Antibiotic
treatment1

Antibiotic
treatment

class2

Antibiotic
treatment
dose/d (g)

#Days of
antibiotic
treatment

course

Total
antibiotic
treatment
does (g)

Time (mo)
between last

antibiotic
treatment

and next UR

Fold change
in EQ

production3
EQ status4

Amoxicillin p

2.0 11 22 5.6 None EP

1.5 8 12 0.5 12.0− EP

2.0 43 86 6.0 5.0− EP

1.5 9 13.5 1.4 1.3− EP

1.0 2 2 2.3 1.4+ EP

1.5 8 12 5.5 1.6+ EP

2.0 12 24 5.4 2.0+ NP

0.5 4 2 5.8 5.0+ EP

1.0 11 11 5.6 5.0+ CR+

0.8 11 8.25 5.5 57.0+ EP

1.5 11 16.5 1.3 200.0+ CR+

Penicillin p 0.5 qd (1d),
0.25 qd (4d) 5 1.5 1.8 394.0− EP

Ampicillin p 1.5 10 15 1.2 None NP

Azithromycin^ M

0.5 5 2.5 5.4 None EP

0.5 qd (1d),
0.25 qd (5d) 6 1.75 1.6 1.3+ EP

0.5 qd (2d),
0.25 qd (5d) 7 2.25 5.6 2.0+ EP

Clarithomycin M 1.0 43 43 6.0 5.0− EP

Ceftriaxone C 1 shot 3 0 1.9 5.0+ EP

Cephalexin C

0.5 11 5.5 5.0 3.3− NP

2.0 21 42 0.3 1.4+ EP

2.0 11 22 3.0 3.0+ CR+

2.0 13 26 1.6 5.0+ EP

0.5 10 5 2.4 8.0+ EP

1.5 23 34.5 5.7 19.2+ EP

Ciprofloxacin F

1.0 11 11 5.5 15.0− NP

1.0 8 8 5.2 10.0− EP

2.0 396 792 4.6 2.5− EP

1.0 4 4 1.4 12.5+ EP

Levofloxacin F

0.8 10 7.5 1.6 2.0+ EP

0.5 8 4 5.5 7.0+ EP

0.5 7 3.5 1.4 26.0+ EP
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Antibiotic
treatment1

Antibiotic
treatment

class2

Antibiotic
treatment
dose/d (g)

#Days of
antibiotic
treatment

course

Total
antibiotic
treatment
does (g)

Time (mo)
between last

antibiotic
treatment

and next UR

Fold change
in EQ

production3
EQ status4

Moxifloxacin F
0.4 11 4.4 1.6 1329.0− EP

0.4 15 6 3.5 496.0− EP

Clindamycin L 0.5 10 4.5 3.6 6.0− EP

Doxycycline T

0.04 91 3.64 2.5 2.5− EP

0.0 10 0.4 1.9 2.3− EP

0.04 171 6.84 1.7 2.0− CR−

0.1 97 9.7 0.4 4.0+ EP

Minocycline^ T an 1489 an5 an 4.6+ EP

Sulfamethoxazole S
1.6 4 6.4 5.7 2.2− EP

0.8 11 8.8 1.4 1.6+ EP

Trimethoprim S 0.2 11 1.76 1.4 1.6+ EP

Unknown n/a6 n/a 10 n/a 5.3 2.0− EP

Only those subjects on antibiotic treatment considered who provided at least one overnight urine before and one overnight urine after antibiotic
treatment; UR=urine collection; EQ=equol; DE=daidzein; mo=months

1
All women were in the soy group except for placebo group where indicated with ^

2
p = Pencillin, M = Macrolide, C = Cephalosporin, F = fluoroquinolone, L = Lincosamide, T = Tetracycline, S= Sulfonamide

3
EQ production after vs. before antibiotic treatment: += fold increase, −= fold decrease

4
considering the available overnight urine before and after antibiotic treatment and a cutoff for equol producer status of EQ/DE 2

(Overnight urine ratio EQ/DE≥0.018 and DE threshold of ≥2 nmol/mg creatinine)

CR+= change from EQ nonproducer to producer

CR−= change from EQ producer to nonproducer

EP= stays EQ producer

NP= stays EQ nonproducer

5
as needed

6
not available
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