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Abstract

Background: Phytoestrogens have been associated with subtle hormonal changes, but their effects on endometriosis are
largely unknown.

Objective: \We assessed the association between urinary concentrations of phytoestrogens and incident endometriosis.
Methods: We included an operative sample of 495 premenopausal women aged 18-44 y undergoing laparoscopies and
laparotomies at 14 clinical sites between 2007 and 2009 and a general population sample of 131 women from the same
geographic area who were matched on age and menstruation status. Endometriosis in the surgical sample was assessed by
surgical visualization (clinical gold standard), whereas disease in the general population sample was assessed with the use of a
pelvic MRI. Urine concentrations of genistein, daidzen, O-desmethylangolensin, equol, enterodiol, and enterolactone were
measured at baseline. Poisson regression with robust error variance was used to estimate the risk of an endometriosis diagnosis
for each sample after adjusting for age and body mass index (in kg/m?). Separate models were run for each phytoestrogen.
Results: Overall geometric mean urine concentrations of phytoestrogens were as follows: genistein [88 nmol/L
(95% CI: 72, 108 nmol/L)], daidzein [194 nmol/L (95% CI: 160, 236 nmol/L)], O-desmethylangolensin [4 nmol/L
(95% CI: 3, 6 nmol/L)], equol [4 nmol/L (95% CI: 4, 6 nmol/L)], enterodiol [29 nmol/L (95% Cl: 22, 38 nmol/L)], and enterolactone
[355 nmol/L (95% CI: 395, 544 nmol/L)]. Geometric mean concentrations of phytoestrogens did not significantly differ by
endometriosis status in either sample. Adjusted RRs for endometriosis ranged from 0.87 to 1.09 for the 6 phytoestrogens
measured, with all Cls including a value =1. Phytoestrogens were not associated with the severity of endometriosis when
restricting the analysis to women with moderate-to-severe disease per the revised American Society for Reproductive
Medicine criteria. Furthermore, no associations were observed between self-reported high soy intake and endometriosis.
Conclusions: Despite endometriosis being an estrogen-dependent disease, we found no evidence that urinary
phytoestrogens were associated with a higher risk of an endometriosis diagnosis in either a sample of premenopausal

women or in a surgical sample. J Nutr2017;147:227-34.

Keywords: phytoestrogens, endometriosis, genistein, daidzein, lignans

Introduction

factors, may influence the physio- and pathologic processes of the
disease (3-5). Dietary factors that have been shown to influence
steroidogenesis may be of particular interest (6-8). Phytoestrogens

Endometriosis is a hormone-responsive gynecologic disorder of
unknown etiology (1). The etiology is considered to be multifactorial

(2), and it has been hypothesized that dietary intake, among other
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are plant-derived compounds with estrogenic activity and include
both isoflavones (most commonly found in soy and soy products)
and lignan metabolites (most commonly found in flax seeds, nuts,
grains, and cruciferous vegetables). Although phytoestrogens have
different dietary sources, all phytoestrogens are structurally similar to
estrogen and can bind to both estrogen receptor (ER)®-a and ER-B.
Phytoestrogens have been reported to exert both estrogenic and

8 Abbreviations used: ENDO, Endometriosis, Natural History, Diagnosis, and
Outcomes; ER, estrogen receptor; ESR2, estrogen receptor 2.
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antiestrogenic effects (9, 10) and as such may play an important role
in endometriosis, although the effects of specific phytoestrogens
could differ.

Phytoestrogens have been associated with subtle hormonal
changes (11), a reduced risk of hormone-dependent cancers,
including endometrial cancer (12-14), and endometriotic im-
plant regression in animal models (15, 16). However, the effects
on endometriosis are largely unknown. Available evidence is
conflicting, with one small study among nulliparous infertile
Japanese women finding that the phytoestrogen genistein was
associated with a reduced risk of endometriosis, particularly
among those with the estrogen receptor 2 (ESR2) Rsal gene
polymorphism (17). In contrast, high intakes of soy products
were associated with endometrial pathology among 3 women
(18), and long-term supplementation of isoflavones was associ-
ated with endometrial hyperplasia among healthy postmeno-
pausal women (19). Laboratory animal studies have also shown
that at high doses certain phytoestrogens such as resveratrol
have the potential benefit of reducing the proliferation of the
human endometrium (20, 21). Understanding the role of various
phytoestrogens in endometriosis may offer the potential for low-
cost intervention strategies to improve this condition.

Therefore, we evaluated the association between specific
urinary phytoestrogen concentrations, including both isofla-
vones and lignan metabolites and endometriosis, in the ENDO
(Endometriosis Natural History, Diagnosis, and Outcomes)
study, which included both an operative and general population
sample to more completely capture endometriosis cases.

Methods

Design and study population. The ENDO surgical sample (7 = 495)
comprised women scheduled for laproscopy or laparotomy; the general
population sample (7 = 131) comprised a matched group of currently
menstruating women similar in age and from the same geographic area.
The population cohort was not seeking surgery but was at risk for
endometriosis and diagnosis. The details of the study design and
sampling framework have been described in detail elsewhere (22). In
short, to be included women had to be currently menstruating, aged 18—
44y, and scheduled to undergo a diagnostic and/or therapeutic laparoscopy
or laparotomy regardless of clinical indication at 1 of 14 surgical centers
located in Salt Lake City, Utah, or San Francisco, California, between 2007
and 2009. Women with a history of surgically confirmed endometriosis
(prevalent disease) or who could not communicate in English or Spanish
were excluded. Other exclusion criteria included currently pregnant or
breastfeeding =6 mo, injectable hormones within the past 2 y, or a cancer
diagnosis other than nonmelanoma skin cancer.

Institutional review board approval was obtained from all partici-
pating study sites. Women provided written informed consent before
data collection, and all participants were modestly remunerated for time
and travel.

Outcome assessment. Endometriosis was defined as consistent with
the clinical gold standard of surgically visualized disease (1, 23) and
assessed and staged surgically for the surgical sample and by pelvic MRI
for the general population sample. Complete information on endome-
triosis status was available for 473 and 127 women in the operative and
general population samples, respectively. Surgeons completed a stan-
dardized operative report immediately after surgery to capture the
gynecologic postoperative diagnosis, including normal pelvis, endome-
triosis, uterine fibroids, pelvic adhesions, benign ovarian cysts, neo-
plasms, and congenital miillerian cysts. For women with endometriosis,
surgeons indicated disease severity with the use of the revised American
Society for Reproductive Medicine staging criteria (23). Disease stage
was automatically calculated via the revised American Society for
Reproductive Medicine weighted point score.
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Measurement of phytoestrogens. Phytoestrogens were measured in
urine at baseline for all participants for whom sufficient urine was
available for analysis (7 = 625) and included the isoflavones genistein,
daidzein, O-desmethylangolensin, and equol, the latter 2 of which are
daidzein metabolites, and the lignan metabolites enterodiol and enter-
olactone. Phytoestrogens were measured with the use of an HPLC
electrospray tandem MS method (interassay CV <6% based on quality
control data acquired during the analysis of the study samples) as
described elsewhere (24). Urine samples were prepared with [*H;]daidzein
and [*Hjlgenistein as internal standards and then mixed gently,
followed by the addition of 300 pL B-glucuronidase/sulfatase buffer
containing 2 pL enzymes in a 1-mL 1 M ammonium acetate solution.
After enzymatic deconjugation, phytoestrogens were extracted with a
methyl-tert-butyl ether/ethyl acetate mixture. The negative-ion multiple-
reaction monitoring mode was used in the analysis of phytoestrogens.
The analytes were quantified by an isotope dilution method. All
machine-observed concentrations were retained in the analysis without
any substitution or removal of concentrations below the limits of
detection to avoid introducing biases (25-27). All analyses were
subjected to standard quality assurance procedures, and all reported
results were from runs found to be in control by standard statistical
methods (24). Consistent with previously published methods for lipid
standardization for lipophilic agents, we do not present creatinine-
adjusted phytoestrogen concentrations, although we do compare results
from regression models that did and did not adjust for creatinine
concentrations (28).

Covariate assessment. Women completed questionnaires upon en-
rollment regarding demographic characteristics, reproductive history,
multivitamin use, and lifestyle habits (including smoking status, alcohol
intake, and caffeinated beverage consumption). Women were also asked
about their use of vitamins and supplements in the past 3 mo, including
supplements containing soy components. BMI (in kg/m?) was calculated
with the use of a portable stadiometer, and body weight was measured
with the use of calibrated electronic scales. Physical activity was assessed
via the International Physical Activity Questionnaire and categorized
into low, moderate, and high categories per standard protocol (29).

Statistical analysis. Participant characteristics were compared between
quartiles of urinary total phytoestrogens for both the operative and
general population samples. Differences were assessed with the use of
ANOVA and chi-square tests as appropriate. The distributions of
individual phytoestrogens for each sample were compared overall by
endometriosis diagnosis and severity. Geometric means and 95% ClIs are
presented unadjusted as well as adjusted for age and BMI. Multivariable
RR estimation by Poisson regression with robust error variance was used
to determine the RR of being diagnosed with endometriosis by
concentration of individual phytoestrogens (assessed as quartiles and
as a continuous variable). These models estimate the RR comparing
quartiles with the first quartile as the reference group, as well as the RR
per log-unit increase in phytoestrogens. Separate models were run for
each phytoestrogen, with each model adjusted for age and BMI.
Additional adjustment for race, site, supplement use, use of soy products,
physical activity, creatinine, caffeine consumption, and the sum of the
remaining individual phytoestrogens did not appreciably alter the
results. Potential effect modification by age and BMI was assessed with
the use of interaction terms. All analyses were performed with the use of
SAS version 9.4 (SAS Institute).

Results

In the operative sample we observed that women in the lowest
quartile of urinary total phytoestrogen concentrations tended to
be older, have a higher BMI, be more likely to have less than a
high school education, be a current smoker, and consume more
caffeinated beverages than women in higher quartiles (Table 1).
Women in the operative sample in the highest quartile were
more likely to report that they had consumed a soy product
>1 time/wk during the past 3 mo than women in the lowest



quartile; correspondingly, women in the operative sample who
had consumed soy products had higher geometric mean urine
phytoestrogen concentrations (5760 nmol/L; 95% CI: 3310,
10,000 nmol/L) than those who consumed no soy products
(1250 nmol/L; 95% CI: 1080, 1440 nmol/L). Similar results
were observed among women in the general population sample
(consumed soy products: 3670 nmol/L; 95% CI: 1590, 8480 nmol/L;
did not consume soy products: 1490 nmol/L; 95% CI: 1130,
1960 nmol/L). In the general population sample, women in the
highest quartile of urinary total phytoestrogens were more likely to
report having consumed a multivitamin >1 time/wk in the past 3
mo than women in the lower quartiles, and no associations
were observed between total phytoestrogens and age, BMI,

educational status, or smoking. No associations were observed
between urinary total phytoestrogens and age at menarche,
race, marital status, income, physical activity, or alcohol consump-
tion in either sample.

Geometric mean concentrations of phytoestrogens were not
significantly different by endometriosis status or stage in either
sample (Table 2), although we did observe significantly lower
equol concentrations among those with endometriosis stage
III/IV than those with stage I/II. Adjusted RRs for endometriosis
ranged from 0.87 to 1.09 for the 6 phytoestrogens measured,
with all CIs including a value =1 (Table 3). Similar null results
were observed when evaluating urinary phytoestrogens by
quartile (Table 3). Given that many biomarker assessments

TABLE 1 Sociodemographic description of ENDO study participants by sample and quartile of total phytoestrogen concentrations’

Operative sample?

General sample®

Characteristics Overall Q1 Q2 Q3 Q4 P Overall Q1 Q2 a3 Q4 P
n 494 123 124 124 123 131 32 33 33 33
Age, y Bx7 347 337 N7 B+7 0.03 32+8 332*x7 34=*6 332*x9 31x8 042
BMI, kg/m? 2+8 308 29x8 27+1 27 =7 0.03 277 28*+6 276 278 26*7 0869
Age at menarche, y 132 13x2 13%x2 132 13+2 0.61 132 13x2 13x1 121 13x2 066
Self-identified race/ethnicity 0.18 0.14
Hispanic 68 (14)  15(12) 11(9) 23 (19) 19 (15) 14 (11) 4(13) 2 (6) 6(18) 2 (6)
Non-Hispanic white 369 (75) 98(80) 102 (82) 84 (68) 85 (69) 106 (82) 25(78) 29(88) 24 (73)  28(85)
Non-Hispanic black 8(2) 01(0) 2(2) 2(2) 4(3) 2(2) 0(0) 0(0) 2 (6) 01(0)
Asian, Pacific Islander, or 29 (6) 5 (4) 4(3) 9(7) 11(9) 5 (4) 3(9) 0(0) 0(0) 2 (6)
American Indian
Other or multiracial 20 (4) 5(4) 5(4) 6 (5) 4(3) 4(3) 0(0) 2 (6) Q) @)
Married or living as married 370(76) 93 (76) 103 (83) 87 (71) 87 (73) 011 78(60) 20(63) 24(73) 17(52) 17(52) 0.23
Education 0.002 0.29
=<High school or equivalent 98 (20) 37 (30) 24 (19) 19 (16) 18 (15) 13 (10) 6(19) 4(12) 1(3) 2 (6)
Some college or vocational school 197 (40) 47 (38) 50 (40) 60 (49) 40 (33) 58 (44) 14 (44) 16 (48) 16 (48) 12 (36)
=(ollege graduate 195 (40) 39 (32) 50 (40) 43 (35) 63 (52) 60 (46) 12(38) 13(39) 16(48)  19(58)
Household income 0.51 0.86
Below poverty line 55 (11)  13(11) 11(9) 19 (15) 12 (10) 16 (12) 6(19) 2 (6) 4(12) 4(12)
Within 180% of poverty line 58 (12)  19(16) 13(11) 12 (10) 14 (12) 17 (13) 4(13) 4(13) 5(15) 4(12)
Above poverty line 373(76) 89 (74) 99 (80) 92 (75) 93 (78) 92(75) 22(69) 26(81) 24(73)  25(76)
Multi- or prenatal vitamins taken 240 (49) 61 (50) 58 (47) 61 (49) 60 (49) 0.97 66 (50) 17(53) 18(55) 10(30) 21(64) 0.05
>1 time/wk in past 3 mo
Soy products taken >1 time/wk 31 (6) 4(3) 2(2) 6 (5) 19 (15)  <0.0001 13 (10) 3(9) 2 (6) 1(3) 7(21) 007
in past 3 mo
Physical activity 0.81 0.13
Low 78 (18) 21 (20) 17 (15) 19 (17) 21(19) 20 (16) 2(7) 9(30) 6 (18) 3(10)
Moderate 161 (37) 42 (40) 43 (38) 40 (37) 36 (32) 53(43) 17(59) 11(37) 11(33) 14 (45)
High 198 (45) 41 (39) 53 (47) 50 (46) 54 (49) 50 (41)  10(34) 10(33) 16(48) 14 (45)
Smoking status 0.005 0.68
Nonsmoker 429 (87) 96(78) 107 (86)  114(92)  112(91) 117(89) 30(94) 30(91) 29(88)  28(85)
Current (=1 cigarette/d) 65(13)  27(22) 17 (14) 10 (8) 11(9) 14 (11) 2 (6) 3(9) 4(12) 5(15)
Alcohol 0.30 0.84
None 384 (78)  95(77) 98 (79) 102 (82) 89 (72) 100 (76) 24 (75) 27(82) 25(76)  24(73)
=1 drink/wk 110(22) 28 (23) 26 (21) 22 (18) 34 (28) 31 (24) 8 (25) 6 (18) 8 (24) 9(27)
Mean number of caffeinated beverages 0.04 0.97
consumed/d
0 96 (19)  13(11) 32 (28) 22 (18) 29 (25) 44(34)  10(31)  11(34) 10(31)  13(39)
1 138(28) 40 (34) 28 (25) 35(29) 35 (31) 43(33)  11(34) 12(38) 10(31)  10(30)
=2 229 (46) 63 (54) 54 (47) 62 (52) 50 (44) 42 (33) 11 (34) 9(28  12(38)  10(30)

" Values are means = SDs or n (%). The respective operative sample concentration ranges for quartiles 1-4 were 7-435, 436-1310, 1320-3670, and 3670-184,000 nmol/L; the
respective general population sample concentration ranges were 51-574, 575-1280, 1290-4490, and 4500-62,600 nmol/L. ENDO, Endometriosis, Natural History, Diagnosis, and

Outcomes; Q, quartile.

2 Missing information on age (n = 1), BMI (n = 4), age at menarche (n = 1), marital status (n = 5), educational status (n = 4), income (n = 8), physical activity (n = 57), and caffeinated

beverage consumption (n = 31).

¥ Missing information on income (n = 1), physical activity (n = 8), and caffeinated beverage consumption (n = 2).
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TABLE 2 Phytoestrogen concentrations of ENDO study participants and endometriosis status and severity'

Operative sample

General sample

Endometriosis Endometriosis

Overall stage I/l stage IlI/IV No endometriosis Overall Endometriosis ~ No endometriosis
n 494 134 55 283 131 14 113
Isoflavones, nmol/L
Genistein
Unadjusted 88 (72, 108) 93 (63, 137) 94 (58, 152) 84 (64, 111) 112 (79, 158) 86 (28, 271) 116 (79, 170)
Adjusted? 88 (72, 108) 90 (61, 133) 96 (53, 175) 86 (65, 112) 113 (80, 160) 87 (30, 257) 116 (79, 170)
Daidzein
Unadjusted 194 (160, 236) 219 (154, 310) 149 (84, 266) 194 (148, 253) 229 (159, 332) 182 (59, 561) 244 (163, 365)
Adjusted 195 (160, 237) 212 (148, 310) 151 (85, 270) 198 (152, 256) 228 (158, 331) 188 (61, 578) 243 (164, 361)
0-DMA
Unadjusted 4(3, 6) 5(2,9) 3(1,9 5(3,7) 7(4,14) 40, 39) 8 (4, 16)
Adjusted 5(3, 6) 4(2,8) 3(1,8) 5(3,8) 7(4,13) 4(1,30) 8 (4, 16)
Equol
Unadjusted 4(4, 6) 6 (4, 9)* 3(1, 5" 4(3,6) 6(4,9) 6(2,21) 6 (4, 10)
Adjusted 5 (4, 6) 6 (4, 10) 3(1,5) 4 (3, 6) 6(4,9) 6 (2, 21) 6 (4, 10)
Total
Unadjusted 397 (332, 475) 432 (309, 606) 332 (199, 553) 393 (308, 501) 467 (334, 654) 320 (108, 948) 500 (347, 722)
Adjusted 398 (332, 476) 421 (296, 597) 335 (196, 573) 399 (314, 508) 463 (330, 649) 330 (118, 924) 498 (347, 716)
Lignan metabolites, nmol/L
Enterodiol
Unadjusted 29 (22, 38) 31 (18, 52) 36 (16, 83) 27 (19, 38) 28 (16, 49) 36 (6, 205) 28 (16, 52)
Adjusted 28 (21, 37) 28 (16, 46) 35 (16, 78) 28 (19, 40) 28 (16, 49) 36 (6, 199) 28 (16, 52)
Enterolactone
Unadjusted 355 (299, 421) 399 (288, 553) 435 (252, 753) 319 (256, 399) 464 (340, 635) 605 (217, 1690) 455 (323, 639)
Adjusted 352 (297, 418) 359 (259, 499) 413 (250, 684) 334 (267, 419) 463 (330, 649) 600 (232, 1550) 455 (326, 636)
Total
Unadjusted 464 (395, 544) 536 (400, 719) 517 (301, 889) 421 (342, 519) 573 (423, 777) 734 (278, 1940) 562 (403, 784)
Adjusted 460 (392, 540) 488 (359, 663) 493 (308, 790) 438 (355, 541) 556 (411, 752) 736 (291, 1860) 562 (405, 778)
Total phytoestrogens
Unadjusted 1380 (1190, 1590) 1540 (1200, 1990) 1340 (873, 2060) 1310 (1080, 1590) 1630 (1250, 2120) 1200 (457, 3130) 1730 (1300, 2300)
Adjusted 1370 (1190, 1590) 1450 (1100, 1910) ~ 1310 (856, 2010) 1350 (1110, 1630) 1590 (1220, 2090) 1220 (534, 2780) 1720 (1290, 2300)

" All values are geometric means (95% Cls) unless otherwise indicated. Values can be converted from nmol/L to ng/mL by dividing by the following conversion factors: genistein,
3.70; daidzein, 3.93; O-DMA, 3.87; equol, 4.13; enterodiol, 3.31; and enterolactone, 3.35. *Different from no endometriosis group, P < 0.05. ENDO, Endometriosis, Natural

History, Diagnosis, and Outcomes; O-DMA, O-desmethylangolensin.
2 Adjusted for age and BMI (in kg/m?).

from urine are often adjusted to creatinine concentrations to
account for dilution, we also adjusted for creatinine along with
several other potential confounders, including race, site, sup-
plement use, use of soy products, physical activity, caffeine
consumption, and the sum of the remaining individual
phytoestrogens and found similar null results. No significant
interactions were observed between phytoestrogens and age or
BMI and endometriosis. No associations were observed when
restricting the analysis to women with moderate-to-severe
disease. Furthermore, no associations were observed between
self-reported high soy intake and disease.

Discussion

Despite endometriosis being an estrogen-dependent disease, we
found no evidence that urinary phytoestrogen concentrations
were associated with a higher risk of an endometriosis diagnosis
in both a general population and operative sample. These results
extend previous findings to include a more complete popula-
tion from which to evaluate factors associated with incident
endometriosis. These results further highlight that urinary
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phytoestrogens do not seem to affect endometriosis at concen-
trations characteristic of the US population.

Prior studies on the association between phytoestrogens
and endometriosis are limited, and most tended to focus on
isoflavones as measured through dietary assessment of soy
products or urinary isoflavone concentrations. In a study of 138
infertile nulliparous Japanese women (17), Tsuchiya et al.
observed urinary isoflavones to be associated with a reduced
risk of endometriosis; they further examined potential inter-
actions with the ESR2 gene polymorphism and found that the
Rsal polymorphism seemed to modify the effects of genistein
on advanced endometriosis (17). Although we were unable to
evaluate interactions with the ESR2 gene, there are other im-
portant differences between the study by Tsuchiya et al. and
ours. In particular, their study was restricted to infertile and
nulliparous women and thus may have included a particularly
unique and perhaps more sensitive population given that factors
associated with endometriosis may differ by parity (30, 31). The
results from ENDO may therefore be more generalizable
because we were able to identify endometriosis from both a
clinical and population-wide perspective and made no restric-
tions by parity or infertility diagnosis. Our study extends these



TABLE 3 Associations between urinary phytoestrogen concentrations and risk of endometriosis in the ENDO study’

Operative sample

General sample

Unadjusted  Adjusted?>  Adjusted® Quartile Unadjusted  Adjusted? Adjusted®
Quartile (range) n (n=472) (n = 466) (n=2387) (range) n (n=127) (n=127) (n=117)
Isoflavones, nmol/L
Genistein art 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.01-22.3) (0.32-22.7)
Q2 124 118 1.14 1.12 Q2 33 1.61 1.58 349
(22.4-77.0) (0.78,1.80)  (0.75, 1.74)  (0.70, 1.79) (22.8-88.8) (0.39,6.76)  (0.37,6.73)  (0.57, 21.44)
Q3 124 1.49 1.39 1.33 03 33 0.65 0.63 0.58
(77.1-284) (1.00,222) (093, 2.08) (0.84,2.10) (88.9-339) (0.11,387)  (0.10, 3.83)  (0.05, 7.00)
Q4 123 1.06 1.02 0.97 04 33 1.29 1.31 499
(285-76,500) (069, 1.63)  (0.66, 1.57)  (0.56, 1.68) (340-21,900) (0.29,5.77)  (0.29,5.88) (0.67, 37.02)
Linear® 1.01 1.01 1.02 0.94 0.94 1.04
(0.95,1.08)  (0.95, 1.07)  (0.93, 1.11) (0.72,1.22)  (0.71,1.23)  (0.70, 1.55)
Daidzein Q1 124 Ref Ref Ref Q1 32 Ref Ref Ref
(0.01-44.0) (0.19-50.3)
Q2 123 1.14 1.08 1.17 Q2 33 117 1.23 3.37
(45.0-138) (0.76,1.71)  (0.72,1.63) (0.75, 1.85) (50.4-178) (0.32,437) (032, 4.74) (0.50, 22.62)
Q3 124 1.08 1.03 1.07 Q3 33 0.52 0.54 0.76
(139-645) (0.72,1.62)  (0.68, 1.56)  (0.65, 1.74) (179-998) (0.09,2.82) (0.10,2.98) (0.07,8.73)
Q4 123 1.04 1.00 1.1 Q4 33 0.70 0.75 220
(646-13,600) (069, 1.58)  (0.66, 1.52)  (0.66, 1.85) (999-39,200) (0.16,3.15)  (0.16, 3.45)  (0.29, 16.41)
Linear 1.00 1.00 1.00 0.94 0.95 1.09
(094,1.07)  (0.93,1.068) (0.91,1.09) (0.73,1.21)  (0.73,1.22) (0.79, 1.51)
0-DMA Q1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.003-0.33) (0.003-0.37)
Q2 124 0.78 0.75 0.82 Q2 33 0.68 0.62 0.27
(0.34-9.25) (052,1.19) (049, 1.14)  (0.51, 1.29) (0.38-14.3) (0.15,3.05)  (0.13,2.96) (0.04, 1.94)
Q3 124 0.96 0.90 0.90 Q3 33 0.68 0.68 0.39
(9.26-70.8) (065, 1.42)  (0.61,1.34) (058, 1.41) (14.4-113) (0.15,3.05)  (0.15,3.12)  (0.05, 2.89)
04 123 0.96 0.91 0.94 04 33 0.97 0.95 1.47
(70.9-10,700) (0.65,1.42)  (0.61,1.34)  (0.58, 1.52) (114-14,300) (0.24,3.87)  (0.23,3.86) (0.22, 10.04)
Linear 0.99 0.99 0.99 0.96 0.96 0.96
(0.96,1.03)  (0.95, 1.03) (0.95, 1.03) (0.84,1.10)  (0.83,1.10) (0.79, 1.17)
Equol Q1 124 Ref Ref Ref Q1 32 Ref Ref Ref
(0.003-1.24) (0.003-4.13)
Q2 123 0.71 0.74 0.69 Q2 33 0.70 0.74 1.05
(1.25-8.09) (0.46,1.10)  (0.48, 1.15)  (0.43, 1.10) (4.14-8.80) (0.16, 3.15)  (0.17,3.34)  (0.17, 6.48)
Q3 124 1.33 1.32 1.14 Q3 33 0.25 0.24 0.53
(8.10-19.0) (0.92,1.94)  (0.90, 1.92) (0.75, 1.75) (8.81-15.0) (0.03,2.24)  (0.03,2.18) (0.05, 5.70)
Q4 123 0.93 0.92 0.76 04 33 1.45 1.61 451
(19.1-11,800) (062, 1.40)  (0.61,1.39) (0.45,1.27) (15.1-8240) (0.41,5.15)  (0.45,582) (0.70, 29.13)
Linear 1.01 1.01 0.97 0.99 1.00 1.08
(0.96,1.07)  (0.95,1.06) (0.91,1.04) (0.80, 1.24)  (0.80, 1.25) (0.82, 1.42)
Total isoflavones Q1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.05-87.1) (14.6-95.8)
Q2 124 1.1 1.08 1.08 Q2 33 117 122 3.06
(87.2-287) (0.74,1.67)  (0.72,1.63) (0.69, 1.71) (95.9-307) (0.32,437) (032,465 (049, 19.29)
Q3 124 1.10 1.03 0.99 03 33 0.52 0.54 0.70
(288-1290) (0.74,1.66)  (0.68, 1.56) (0.61, 1.61) (308-1870) 0.09, 2.82) (0.10, 3.01)  (0.06, 7.70)
Q4 123 1.08 1.06 1.06 Q4 33 0.70 0.74 2.08
(1300-18,400) (0.71,1.63)  (0.70, 1.60)  (0.64, 1.74) (1880-61,700) (0.16, 3.15)  (0.16, 3.36)  (0.32, 13.62)
Linear 1.00 1.00 0.98 0.89 0.90 1.06
(0.93,1.08)  (0.93,1.07) (0.89, 1.07) (067,1.19)  (0.67,1.20)  (0.75, 1.51)
Lignan metabolites, nmol/L
Enterodiol Q1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.003-20.6) (0.004-17.0)
Q2 124 1.14 1.05 0.88 Q2 33 1.94 1.90 192
(20.7-60.2) (0.76,1.73)  (0.69, 1.60)  (0.56, 1.40) (17.1-65.5) (0.49,7.75)  (0.47,767) (0.42,8.75)
(Continued)
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TABLE 3 Continued
Operative sample General sample
Unadjusted  Adjusted?  Adjusted® Quartile Unadjusted  Adjusted>  Adjusted®
Quartile (range) n (n = 472) (n = 466) (n =387) (range) n (n =127) (n=127) (n=117)
Q3 123 1.1 1.06 0.93 Q3 33 0.3 0.33 0.59
(60.3-166) (0.73,1.68)  (0.70, 1.61)  (0.58, 1.47) (65.6-206) (0.03,320) (0.03,3.19) (0.05, 6.77)
04 124 1.25 1.19 1.19 Q4 33 1.25 1.31 1.47
(167-25,300) (083,1.88)  (0.79,179) (0.74,1.92) (207-2360) (0.28,5.60)  (0.29,6.01) (0.20, 10.68)
Linear 1.01 1.00 1.00 1.02 1.02 1.03
(0.96, 1.06)  (0.96, 1.05) (0.95, 1.06) (086, 1.21)  (0.86, 1.22)  (0.84, 1.28)
Enterolactone o1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.15-108) (1.62-170)
Q2 123 1.03 1.03 1.01 Q2 33 1.52 1.39 1.7
(109-516) (067,158)  (0.67,159) (0.61,1.67) (171-559) (0.36,6.34)  (0.32,6.00) (0.27,10.77)
03 125 1.32 1.22 1.25 Q3 33 032 0.29 0.54
(517-1380) (088,198  (0.81,1.85) (0.80, 1.96) (560-1490) (0.03,3.10)  (0.03,2.90) (0.04, 6.65)
Q4 123 1.30 1.15 1.1 Q4 33 1.52 1.52 439
(1390-116,000) (087,1.96) (0.76, 1.74)  (0.98, 1.81) (1500-23,100) (0.36,6.34)  (0.35,6.57) (0.60, 32.29)
Linear 1.04 1.02 1.01 1.08 1.09 1.29
(097,1.13)  (0.94,1.10) (0.92, 1.10) (080, 1.47)  (0.80, 1.49) (0.87,1.91)
Total Q1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(0.16-159) (1.63-208)
Q2 124 0.97 0.95 0.88 Q2 33 091 0.86 0.51
(160-30) (063, 1.49)  (0.62,1.47) (0.54, 1.44) (209-734) (0.23,363)  (0.21,352) (0.08, 3.21)
03 124 1.29 1.18 1.16 Q3 33 0.73 0.70 1.05
(631-1610) (086,192) (0.79,1.78) (0.74,1.81) (735-1630) (0.16,3.24)  (0.15,3.18)  (0.19, 5.75)
Q4 123 1.28 1.13 1.13 Q4 33 0.68 0.68 117
(1620-128,000) (0.86,1.92)  (0.75,1.70) (0.70, 1.82) (1640-24,100) (0.15,3.05)  (0.15,3.18)  (0.17, 7.86)
Linear 1.05 1.02 1.01 1.08 1.09 1.29
(096, 1.13)  (0.94,1.11) (0.92,1.12) (079, 1.49)  (0.79, 1.51)  (0.85, 1.94)
Total phytoestrogens, nmol/L o1 123 Ref Ref Ref Q1 32 Ref Ref Ref
(6.58—435) (51.2-574)
02 124 1.21 1.17 1.26 Q2 33 0.58 0.56 0.75
(436-1310) (0.79,1.85)  (0.76,1.79) (0.78, 2.02) (575-1280) (0.14,2.43)  (0.13,239) (0.11, 4.84)
Q3 124 1.38 1.23 1.24 Q3 33 0.40 0.40 0.65
(1320-3670) (091,207 (0.81,1.86) (0.78,1.98) (1290-4490) (0.08,2.06)  (0.08,2.06) (0.09, 4.44)
Q4 123 1.22 1.14 1.12 Q4 33 0.75 0.76 253
(3680-184,000) (0.80, 1.86)  (0.74,1.74)  (0.67, 1.90) (4500-62,600) (0.20,2.80)  (0.20, 2.86)  (0.39, 16.36)
Linear 1.03 1.01 1.00 0.87 0.87 1.06
(094,1.12)  (0.92,1.10) (0.89, 1.12) (062,1.23)  (0.62,1.24) (0.68, 1.66)

" Values are RRs (95% Cls) unless otherwise indicated. ENDO, Endometriosis, Natural History, Diagnosis, and Outcomes; O-DMA, O-desmethylangolensin; Q, quartile; Ref,

reference.
2 Adjusted for age and BMI (in kg/m?).

% Adjusted for age, BMI, race, site, supplement use, use of soy products, physical activity, creatinine, caffeine consumption, and the sum of the remaining individual

phytoestrogens.

4 Poisson regression with robust error variance was used to estimate the RRs of being diagnosed with endometriosis comparing quartiles of urinary phytoestrogen

concentrations (the first quartile is the reference group).

5 Poisson regression with robust error variance was used to estimate the RRs of being diagnosed with endometriosis by individual urinary phytoestrogen concentrations (per log-

unit increase in phytoestrogens).

previous findings in a population with a gold-standard assess-
ment of endometriosis in both an operative and general
population sample. Another related case report (18) noted that
high soy intake was associated with abnormal uterine bleeding
with endometrial pathology in 3 women and that symptoms
improved after removing soy from the diet, although informa-
tion was limited regarding the amount of soy consumed and for
what period of time. Additional studies have shown possible
conflicting associations with the effects on endometrial hyper-
plasia, but these studies did not evaluate endometriosis diagnosis
directly (19, 32, 33). In particular, a study among 376 healthy
postmenopausal women found that supplementation with
150 mg isoflavones/d for 5 y was associated with an increased
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occurrence of endometrial hyperplasia (19). However, in that
study, only 6 cases of endometrial hyperplasia were observed
overall and among women consuming a high dose of isoflavones;
in other studies of shorter duration, no effects were observed
(32, 33). These previous findings may also be affected by the
relatively short half-life of these compounds, the mean of which
varies between 3 and 10 h (34). Our findings extend previ-
ous work, particularly with regard to the evaluation of lignan
metabolites, to evaluate phytoestrogens from different food
sources that may have different physiologic effects. Interestingly,
we also did not observe lignan metabolites to be associated
with endometriosis. Future studies are needed to further tease
apart the potential effects of phytoestrogens as a whole and



specific types of phytoestrogens on the human endometrium and
endometriosis.

It is hypothesized that phytoestrogens would be associated
with endometriosis given that certain phytoestrogens have been
shown to affect endocrine organs in humans and in animal
models by influencing estrogen-dependent processes (9, 10). In
particular, phytoestrogens can act by altering the interactions
between a steroid, its nuclear steroid hormone receptor, and the
transcription complex, including associated transcription fac-
tors and coactivators and repressors and the downstream gene
response elements. Alternatively, the disruptor could alter the
interaction between a steroid and a nonnuclear or membrane
steroid receptor or by affecting nonsteroid receptors such as the
dopamine receptor (35). Additional possible mechanisms in-
clude inhibiting hormone synthesis, transport, or metabolism;
activating or inactivating orphan receptors; or affecting any of
the downstream pathways modulated by normal steroid hor-
mones. These effects can be estrogenic or antiestrogenic
depending on the concentration of phytoestrogens, the specific
phytoestrogen observed, circulating concentrations of endoge-
nous estrogens, as well as other individual characteristics such as
reproductive history and menopausal status.

Phytoestrogens are generally considered to be selective ER
modulators, have a high affinity for the nuclear hormone
receptor ER-B, and have been reported to inhibit aromatase
activity (the rate-limiting enzyme in the conversion of androgens
to estrogens) in human endometrial stromal cells (36). Thus, it is
not unexpected that dietary phytoestrogens could play a role in
the pathophysiology of an estrogen-dependent (37) condition
such as endometriosis. At the level of the endometrium,
phytoestrogens have been shown to potentially act as agonists in
animal models (38-41). However, human studies have suggested
that the dosage and length of supplementation may be important
to consider because isoflavone treatment for a period of 5y was
associated with endometrial hyperplasia (19), whereas short-
term treatments were not (19, 32, 33). In this study, we
evaluated phytoestrogens at concentrations representative of the
US population. That we see no correlation between phytoes-
trogens and endometriosis may reflect the fact that these
substances are part of a normal diet and that slight differences
in intake are not sufficient to imbalance the physiologic
regulation of hormone-dependent pathways. Different phytoes-
trogens have also been shown to vary with regard to potency and
mechanism of action, and as such effects may differ at the
endometrial level in response to varying distributions of estrogen
receptor subtypes on endometrial tissue (19, 42).

This study is limited in that we did not have dietary
assessments to explore other aspects of dietary intake. However,
we did adjust for several potential confounding factors and
factors related to dietary intake and found similar results,
although the potential for residual confounding cannot be ruled
out. Importantly, the urinary measures of the isoflavones genistein
and daidzein used in this analysis reflect only short-term intake,
and as such we assumed that the baseline measurement reflected
the usual dietary intake of soy products among the women in this
study, which may not adequately capture lifetime dietary habits,
especially for such short-lived compounds. However, the use of
urinary biomarkers is also a strength of this study in that urinary
measurements of isoflavones take into account differences in
metabolism and absorption (43-45) and have been found to be
useful biomarkers of dietary intake especially as soy in found in
many products and assessment is limited using traditional dietary
assessment tools (44, 45). Unlike the isoflavones, lignan concen-
trations tend to be more weakly correlated with dietary intake

(fiber intake, in particular), likely because of differences in the
composition of gut microflora between individuals (46).
Furthermore, the use of a population sample enabled us to
extend this work to capture endometriosis cases that otherwise
would have been undetected, although we were limited in our
analysis because there was a small number of cases observed.
Last, although the concentrations in this population are low,
they are comparable to those observed in the US population.
Overall, we found no differences in urine phytoestrogen
concentrations in women that did or did not have endometriosis,
regardless of differences in reported intake of soy supplements.
Despite endometriosis being an estrogen-dependent disease, we
found no evidence that urinary phytoestrogens were associated
with a higher risk of an endometriosis diagnosis in either a
sample of premenopausal women or in an operative sample.
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