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Abstract

Background: Phytoestrogens have been associated with subtle hormonal changes, although effects on male fecundity
are largely unknown.

Objective: We evaluated associations between male urinary phytoestrogen (isoflavone and lignan) concentrations and
semen quality.

Methods: This study was a prospective cohort study of 501 male partners of couples desiring pregnancy and
discontinuing contraception. Each participant provided up to 2 semen samples that were analyzed for 35 semen quality
endpoints the following day. Linear mixed-effects models were used to estimate associations between baseline urinary
phytoestrogen concentrations and semen quality parameters, adjusted for age, body mass index (BMI), research site, and
serum lipid and cotinine concentrations.

Results: Most associations between urinary phytoestrogens and semen quality parameters were null. However, select
individual phytoestrogens were associated with semen quality parameters, with associations dependent on the class of
phytoestrogens and modified by BMI. Specifically, genistein and daidzein were associated with a lower percentage of
normal sperm and increased abnormalities in semen morphology, with reduced associations observed as BMI increased
(P < 0.05) [percentages (95% Cls) of normal morphology by WHO traditional criteria: genistein, main effect: —5.61%
(—=9.42%, —1.79%); interaction: 0.19% (0.06%, 0.31%) per log unit increase; daidzein, main effect: —5.35% (—9.36%,
—1.34%); interaction: 0.18% (0.05%, 0.32%) per log unit increase]. Enterolactone was associated with fewer
abnormalities in semen morphometry and morphology and decreased DNA fragmentation, with reduced associations
observed as BMl increased (P < 0.05) [percentages (95% Cls) of abnormalities in the neck and midpiece: enterolactone,
main effect: —3.35% (—6.51%, —0.19%); interaction: 0.11% (0.01%, 0.21%) per log unit increasel.

Conclusions: These results suggest that male urinary phytoestrogen concentrations characteristic of the US population
may be associated with subtle indicators of male fecundity and semen quality but were not associated with couple
fecundity. J Nutr2015;145:2535-41.

Keywords: isoflavones, lignans, phytoestrogens, semen quality, male fertility

Introduction

-

Phytoestrogens are plant-derived compounds that exert both
estrogenic and antiestrogenic effects because of their struc-
tural similarity to estrogen. As such, phytoestrogen intake and
circulating concentrations have been associated with subtle
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hormonal changes and may influence male fecundity (1, 2).
Although animal studies have shown various reproductive
effects, exposure to phytoestrogens and effects on semen qual-
ity are less clear because some studies have observed reduc-
tions in normal and live sperm count in adult male mice (3),
whereas others have observed no effects (4-6). There is a paucity
of research in humans regarding these associations, and the
findings have been conflicting with some reporting effects on
idiopathic male infertility (7) or individual semen quality

3 Supplemental Figure 1 and Supplemental Tables 1 and 2 are available from the
"Online Supporting Material”’ link in the online posting of the article and from the
same link in the online table of contents at http://jn.nutrition.org.
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parameters (7-10) and others reporting no effects on semen
quality among small intervention studies of healthy men (11,
12). Dietary intake of soy has been shown to be associated
with reduced sperm count and concentration in studies among
infertile men or men seeking fertility treatment (8, 9), but
these studies have been limited because it is particularly
difficult to assess soy intake using traditional dietary assess-
ment tools. Previous studies have also been limited in that they
have typically only evaluated associations between isofla-
vones, with basic semen analyses focused only on sperm
count, motility, and morphology despite existing technology
that can analyze DNA fragmentation and additional func-
tional measures.

Therefore, the objective of this study was to explore poten-
tial associations between urinary phytoestrogen concentra-
tions, including both isoflavone and lignan concentrations, and
a comprehensive semen quality assessment in a population-
based prospective cohort study. These hypotheses are of great
interest given the potential role of dietary factors on male
fecundity.

Methods

Design and Study Population. The design and methods of the
Longitudinal Investigation of Fertility and the Environment (LIFE)
study, a prospective cohort study designed to investigate environ-
mental influences on human fecundity and fertility, have been described
in detail previously (13). In brief, 501 male partners of couples dis-
continuing contraception for the purposes of becoming pregnant were
recruited from 16 counties in Michigan and Texas from 2005 to 2009
using sampling frameworks tailored for each state to identify couples
planning pregnancy in the near future. Eligible men were aged >18 y, ina
committed relationship, able to communicate in English or Spanish, and
not surgically or medically sterile. Full participant approval was granted
from all participating institutions, and all participants gave informed
consent before data collection.

Data Collection. Health, demographic, physical activity, and reproductive
histories were obtained from each male partner during in-person interviews
at the time of enrollment. All data and biospecimens were collected in the
home, and baseline interviews were followed by a standardized anthropo-
metric assessment for determining BMI as conducted by research nurses
(14). The nurse obtained nonfasting blood and urine samples for
quantifying phytoestrogens and lipids, respectively. Samples were frozen
on dry ice at —20°C or colder until shipment to the CDC for analysis.

Measurement of Phytoestrogens. Phytoestrogens were measured
in urine at baseline for all participants in which sufficient urine was
available for analysis (n = 467), and included the isoflavones genistein,
daidzein, O-desmethylangolensin, and equol (the latter 2 of which are
daidzein metabolites) and lignans enterodiol and enterolactone. Phy-
toestrogens were analyzed using a 1-mL urine sample spiked with
isotopically labeled internal standards to correct for potential proce-
dural losses and to ensure accurate quantitation. Phytoestrogens were
measured using a high-performance liquid chromatography electrospray
tandem mass spectrometry method (interassay coefficient of variation
was <6% based on quality control data acquired during study sample
analysis) (15). All machine-observed concentrations were retained in the
analysis without substituting or removing concentrations below the
limits of detection to avoid introducing biases (16-18).

Urinary creatinine was quantified using a Roche Hitachi model 912
clinical analyzer and analyzed using the Creatinine Plus assay (Roche
Diagnostics), which involves the combined use of creatininase, creati-
nase, and sarcosine oxidase. Serum lipids were quantified using commer-
cially available enzymatic methods (19) and reported as total serum
lipids (nanograms per gram of serum) using established calculation
methods and individual components (20). Cotinine serum levels were
quantified using liquid chromatography-isotope dilution tandem
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mass spectrometry (21) for assessing baseline exposure to smoking
with cut points based on previous literature (22). All analyses were
subjected to standard quality assurance procedures, and all reported
results were from run charts found to be in control by standard statistical
methods.

Semen Collection and Analysis. A semen sample was obtained at
baseline and was followed by a second sample approximately 1 mo later
irrespective of couples’ pregnancy status as previously described (13).
Men collected semen samples through masturbation without the use of
any lubricant following a recommended 2 d of abstinence using home
collection kits (actual abstinence time: median = 3.0 d; mean = 4.1 d) (23,
24) and shipped the samples overnight to the study’s andrology
laboratory at the National Institute for Occupational Health and Safety
for next-day analysis. The integrity of all samples was verified upon
arrival at the laboratory. Semen delivered to a central andrology
laboratory by overnight mail in insulated mailing kits has been successful
in maintaining specimens for other studies (23, 25, 26). Semen analysis
after home collection has been reported to be reliable for all semen
parameters with the exception of motility parameters (27, 28). A percent-
age of sperm is alive after 24 h, and a next-day motility assessment can still
be made and may provide important information on sperm function and
survivability (27).

We quantified 35 semen parameters, including 5 that reflected general
characteristics (volume, straw distance, sperm concentration, total sperm
count, hypo-osmotic swelling), 8 motility measures, 12 morphometry
measures, 8 morphology measures, and 2 sperm chromatin-stability assay
measures using established laboratory protocols that included ongoing
quality assurance and control procedures (29). Specifics regarding meth-
odology are described elsewhere (30-32). In brief, sperm motility was
assessed using the HTM-IVOS (Hamilton Thorne Biosciences) computer-
assisted semen analysis system. Sperm concentration was measured
using the IVOS system and IDENT stain (33). Sperm viability was
conducted using the hypo-osmotic swelling assay (34). Sperm mor-
phology was classified by the 2 widely accepted classification sys-
tems: WHO 3rd edition (traditional morphology) and WHO 5th
edition (strict morphology) (35-37). Morphometric analyses were
conducted using the HTM-IVOS computer-assisted semen analysis
system (Hamilton Thorne Biosciences). Progressive sperm motility was
assessed by placing a flat capillary tube filled with hyaluronic acid and
plugged at 1 end into the fresh ejaculate, and sperm progression was
measured when the specimen arrived at the laboratory the next day
as a marker of motile sperm at collection (straw distance) (24). The
sperm chromatin structure assay (SCSA) procedure was conducted on a
Coulter Epics Elite flow cytometer using the SCSA program (SCSA
Diagnostics) (38, 39).

The second sample was assessed to affirm azoospermia observed in
the first sample and for a second global fecundity assessment and was
limited to exclusively measurement of volume, concentration, motility,
and sperm head morphology.

Statistical Analysis. Of 473 men with at least 1 semen sample, 5 (1%)
were found to be azoospermic on both samples, and 32 men with miss-
ing urinary phytoestrogen concentrations were excluded from this
analysis (7 = 436 included with both the semen quality assessment and
phytoestrogen concentrations). A descriptive analysis included the
inspection of missing data and influential observations. Differences in
characteristics between quartiles of total phytoestrogen concentrations
were assessed using ANOVA and chi-square tests where appropriate.
Data are presented as means * SDs or n (%). Geometric mean
concentrations with 95% Cls and relevant percentiles were calculated.

Linear mixed-effects models were used to estimate the associations
between continuous urinary phytoestrogen concentrations and semen
quality parameters. Mixed modeling techniques were used to incorpo-
rate the intersample correlations for all semen quality endpoints mea-
sured in both samples (volume, concentration, next-day motility, and
sperm head morphology). Phytoestrogens were log-transformed for
all analyses. Models were adjusted for age (y), cotinine [>40.35 ug/L;
cut point based on previous literature (22)], site, and total serum lipids
(mg/dL) and included an interaction term with continuous BMI. Models



were also adjusted for abstinence time, sample age, fish consumption,
and the sum of polychlorinated biphenyls because these chemicals have
been associated with semen quality in previous work among this cohort
(31). However, adjusting for these factors did not appreciably change the
results and were not included in the final models for parsimony. 3
coefficients and 95% ClIs for the continuous main phytoestrogen effect
and the interaction term with continuous BMI are presented. Tertiles
of phytoestrogen exposures and restricted spline-based tests for
nonlinearity were performed to evaluate the linearity assumption in
our continuous models, and the assumption of linearity was empir-
ically supported.

Sensitivity analyses were performed using quartiles of phytoestrogens
as the exposure to evaluate the assumption of linearity. Semen quality
parameters were also considered with the Box—Cox transformation to
achieve normality assumption in the linear mixed models. Following
Handelsman (40), we found the optimal transformation parameter for
each semen quality outcome, transformed the semen outcome, and
reran the analyses to determine whether the obtained results were
different from the primary analyses using untransformed semen out-
comes. We also performed a sensitivity analysis using multiple imputa-
tion to account for missing urinary phytoestrogen concentrations and
semen quality parameters to determine the robustness of our findings
relative to these missing data. P values < 0.05 were considered statis-
tically significant.

Results

The LIFE study included 436 male partners of couples at-
tempting to become pregnant with measured urinary phytoes-
trogen concentrations and semen quality that were included in
this analysis. Male partners were aged on average 31.8 = 4.8y,
with an average BMI (in kg/m?) of 29.9 + 5.6 (Table 1). Most
men in the study were college-educated (91%) and self-identified
as non-Hispanic white (80%). Men who self-identified as non-
Hispanic white were more likely to be in the lowest quartile of
total phytoestrogens compared with all other quartiles, whereas
men who self-identified as another race were more likely to be
in the highest quartile compared with all other quartiles. No
differences in age, BMI, education, income, alcohol use, exer-
cise, or baseline supplement use were associated with quartiles
of total urinary phytoestrogen concentrations. The distribution
and geometric mean concentration of each phytoestrogen is
shown in Table 2.

Of the 210 associations between individual urinary phytoes-
trogens and next-day analyses of semen quality parameters
evaluated, 21 were observed to be statistically significant (14
with the isoflavones and 7 with the lignans), with significant
interactions observed with BMI (Supplemental Figure 1, Table
3). In particular, genistein and daidzein were associated with a
lower percentage of normal sperm [using both the WHO
traditional (35) and WHO strict morphology criteria (36)] and
increased abnormalities in semen morphology (cytoplasmic
droplets and abnormal necks and midpieces), with reduced
associations as BMI increased (Supplemental Figure 1, Table 3).
O-Desmethylangolensin was associated with measures of re-
duced motility (linearity and straightness), with BMI lessening
the associations. Enterolactone was associated with fewer ab-
normalities in semen morphometry (pyriform and other tail ab-
normalities) and morphology (neck and midpiece abnormalities),
and decreased DNA fragmentation, with reduced associations
observed as BMI increased. Details regarding all associations
are shown in Supplemental Tables 1 and 2 and Supplemental
Figure 1. A sensitivity analysis was used to evaluate the effects
using quartiles of phytoestrogens and the Box—Cox family of
transformations for semen quality parameters, yielding sim-
ilar results (data not shown). Moreover, we observed similar

findings using multiple imputations that accounted for miss-
ing urinary phytoestrogen concentrations and semen quality
parameters.

Discussion

In this study, we observed associations between several select
urinary phytoestrogens and semen quality parameters among
men from the general population in a cohort of male partners of
couples trying to become pregnant. Isoflavone concentrations
were associated with a lower percentage of normal sperm and
increased abnormalities in semen morphology parameters, and
lignan concentrations were associated with fewer abnormalities
in morphology and morphometry characteristics. These associ-
ations were modified by BMI in that reduced associations were
observed as BMI increased. These results suggest that male
urinary phytoestrogen concentrations at levels characteristic of
the US population may be associated with subtle indicators of
male fecundity and semen quality but not with couple fecundity
(41).

Previous studies have reported associations between genistein
and daidzein and markers of reduced sperm count (7, 9) and
sperm concentration (7, 8, 10) using both urinary markers (7,
10) and dietary assessments (8, 9). We observed associations in a
similar direction, although our findings were not statistically
significant (P values ranged from 0.33 to 0.97). It is worth noting
that we also observed associations between these isoflavones and
several morphology parameters. One previous study did not find
an association between dietary assessment of soy intake and
morphology but evaluated morphology using only the WHO
strict criteria (8), whereas we measured a comprehensive panel
of 8 morphology parameters. Of the previous studies, genistein
and daidzein were generally associated with semen quality only
among studies of infertile men or men of couples seeking fertility
treatment (7-10, 42). Two small intervention studies among
healthy volunteers observed no effects on semen quality or other
endocrine measurements and testicular volume (11, 12). We did
not observe associations between isoflavones and DNA damage
as was observed in a previous study (9); however, we did observe
an association between enterolactone and reduced DNA frag-
mentation. Our association of a significant interaction with
BMI is in line with a study of dietary soy intake among men
presenting at a fertility clinic that observed more pronounced
associations with sperm concentration among obese men (8).
However, we observed reduced associations as BMI increased
among a population of healthy men. Previous studies have typ-
ically limited their evaluation to the associations of isoflavones
and semen quality, and as such our findings related to entero-
lactone are novel in this area.

Phytoestrogens are hypothesized to influence semen quality
through both estrogenic and antiestrogen effects because of their
structural similarity to estrogen and ability to bind and activate
both estrogen receptor a and B (43, 44). These impacts on
steroid biosynthesis may affect the availability of free bioactive
steroid hormones (45) and thus have potential reproductive and
endocrine effects on male reproductive function. Interestingly,
Adeoya-Osiguwa et al. (46) and Fraser et al. (47) showed that
phytoestrogens induce capacitation and a premature acrosome
reaction in mouse and human sperm, respectively. These authors
showed that the mechanism of action may be caused by un-
regulated stimulation of cAMP production, which in turn may
lead to acrosome loss. These findings point to complicated mecha-
nisms and multiple potential modes of action for associations
between phytoestrogens and semen quality. Although lignans
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TABLE 1 Characteristics of male partners by quartile of urine total phytoestrogen concentrations, LIFE study, 2005-2009'

Total phytoestrogen concentrations

Quartile 1: Quartile 2: Quartile 3: Quartile 4:
Characteristics Overall =1080 nmol/L 1081-2278 nmol/L 2279-5779 nmol/L =5780 nmol/L P
n (%) 436 (100.0) 109 (25.0) 109 (25.0) 109 (25.0) 109 (25.0)
Age, y 318 £ 438 317 £ 49 317 £ 49 318 £ 49 320 £ 47 0.97
BMI, kg/m? 299 58 303 £ 58 302 + 41 302 =62 290 =49 0.33
Abstinence time, d 41 + 46 39+ 34 402 + 46 45 + 63 40 + 35 0.76
Self-identified race/ethnicity 0.05
Non-Hispanic white 350 (80.3) 91 (83.5) 87 (79.8) 89 (81.7) 83 (76.2)
Non-Hispanic black 20 (4.6) 2(1.8) 9(8.3) 6 (5.5) 3(28)
Hispanic 36 (8.3) 10(9.2) 9(8.3) 9(8.3) 8(7.3)
Other 30(6.9) 6 (5.5) 4(3.7) 5 (4.6) 15(13.8)
College graduate or higher 398 (91.3) 97 (89.0) 98 (89.9) 102 (93.6) 101 (92.7) 0.70
Household income, $ 0.65
29,999 18 (4.1) 3(2.8) 9(8.3) 4(3.7) 2(1.8)
30,000-49,999 47 (10.8) 13(11.9) 9(8.3) 14 (12.8) 11 (10.1)
50,000-69,999 80 (18.4) 19(17.4) 19(17.4) 23 (21.1) 19 (17.4)
=70,000 285 (65.4) 72 (66.1) 70 (64.2) 67 (61.5) 76 (69.7)
Have health insurance 399 (91.5) 97 (89.0) 98 (89.9) 102 (93.6) 102 (93.6) 0.48
Alcohol intake (per month)
No 66 (15.1) 17 (15.6) 19 (17.4) 14 (12.8) 16 (14.7) 0.82
Yes 370 (84.9) 92 (84.4) 90 (82.6) 95 (87.2) 93 (85.3) 0.20
<1/mo 25 (6.8) 3(3.3) 3(3.3) 11 (11.6) 8 (8.6)
1/mo 32 (8.7) 12 (13.0) 9(10.0) 8(8.4) 3(3.2)
2-3 d/mo 69 (18.7) 14 (15.2) 23 (25.6) 18 (19.0) 14 (15.1)
1/wk 95 (25.7) 29 (31.5) 20(222) 19 (20.0) 27 (29.0)
2-3 times/wk 113 (30.5) 24.(26.1) 25(27.8) 30 (31.6) 34 (36.6)
4-6 times/wk 24 (6.5) 6 (6.5) 6(6.7) 7(7.4) 5(5.4)
Daily 12 (3.2) 4(4.4) 4(4.4) 2(2.1) 2(2.2)
Participated in a vigorous exercise program during the last 12 mo 188 (43.1) 44 (40.4) 47 (43.1) 49 (45.0) 48 (44.0) 0.91
Multivitamin use >1/wk in the past 3 mo 190 (43.6) 54 (49.5) 43 (39.5) 43 (39.5) 50 (45.9) 0.34
Supplement use >1/wk in the past 3 mo 140 (32.1) 38 (34.9) 35(32.1) 27 (24.8) 40 (36.7) 0.25
Fathered pregnancy before entering study 211 (48.4) 50 (45.9) 51 (46.8) 52 (47.7) 58 (53.2) 0.63
Serum total lipids, mg/dL 735 + 220 788 + 240 719 + 206 734 + 248 698 + 172 0.02

' Values are means *+ SDs and n(%). In all, 5 men were found to be azoospermic on both samples and were excluded from this analysis, and 32 men were missing phytoestrogen

concentrations. LIFE, Longitudinal Investigation of Fertility and the Environment.

have been shown to have a weaker binding affinity, they also
have anticarcinogenic properties that may affect fecundity (48,
49). In addition, the interaction we observed with BMI may stem
from the observation that adipose tissue is an endocrine organ

TABLE 2 Distribution of urine phytoestrogen concentrations
among 436 males in the LIFE study, 2005-2009'

Percentile

Geometric

5th 25th 50th 75th 95th mean 95% CI
Genistein, nmol/L 10 44 127 542 2980 151 128, 178
Daidzein, nmol/L 25 91 280 1160 6680 342 291, 403
0-DMA, nmol/L 1T 3 18 94 1350 20 17, 25
Equol, nmol/L 4 13 25 57 174 28 25,31
Enterodiol, nmol/L 7 49 130 315 1040 121 105, 139
Enterolactone, nmol/L 24 231 931 2440 6570 669 566, 789
Total isoflavones, nmol/L 59 197 543 2070 11,700 665 570, 776
Total lignans, nmol/L 47 429 1180 2710 780 959 832, 1110
Total phytoestrogens, nmol/L 271 1080 2280 5780 17,400 2370 2110, 2670

"LIFE, Longitudinal Investigation of Fertility and the Environment; O-DMA, O-
desmethylangolensin.
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(50). Estrogen levels have been hypothesized to increase with
increasing BMI because the conversion of androgens to estrogen
in adipose tissue may be a primary source of estrogen (51, 52),
which in turn may influence estrogen receptor activity and the
response to phytoestrogens. Alternatively, because adipose tissue
can be a storage site for steroid hormones, it may be that phy-
toestrogen storage or bioavailability may also be altered by
increased body fat.

This study has several strengths, including a large number of
male participants recruited from the general population with
measured urinary phytoestrogen concentrations. Urinary mea-
surements take differences in metabolism and absorption into
account and are especially useful because soy products are found
in many products and because intake is difficult to assess using
traditional dietary assessment tools (53). Moreover, because the
mammalian lignans, enterolactone, and enterodiol are converted
by the intestinal microflora, there is considerable variability in
gut microflora and other factors that may influence metabolism
(54-56). As such, urinary concentrations are needed to ade-
quately assess associations with lignans. These markers have
been found to be useful biomarkers of dietary intake but are only
considered measures of short-term intake. Because only a single
measurement was available in this case, we assumed that the



TABLE 3 Significant associations between log-transformed urine phytoestrogens and semen quality
parameters, including main effects and interactions with BMI and 95% Cls’

Semen quality

B 95% Cl

Phytoestrogen parameter category Semen quality parameter? Main effect Interaction with BMI
Genistein, nmol/L Overall Distance sperm traveled in straw® 2.51(0.52, 4.49) —0.09 (—0.15, —0.02)
Morphometry Megalo head —0.58 (—1.17, 0.005) 0.02 (0.002, 0.04)
Morphology Cytoplasmic droplet 1.66 (0.02, 3.31) —0.06 (—0.11, —0.003)
Neck and midpiece abnormal 3.89 (0.79, 6.99) —0.13 (—0.23, —0.03)
WHO strict criteria (36) —3.95 (—7.01, —0.89) 0.14 (0.04, 0.24)
WHO traditional criteria (35) —561(—9.42, —1.79) 0.19 (0.06, 0.31)
Daidzein, nmol/L Overall Distance sperm traveled in straw® 2.89(0.81, 4.97) —0.10 (—0.17, —0.03)
Morphology Cytoplasmic droplet 1.75(0.02, 3.47) —0.06 (—0.12, 0.00003)
Neck and midpiece abnormal 3.61(0.35, 6.86) —0.12 (—0.23, —0.01)
WHO strict criteria (36) —3.72 (—6.94, —0.50) 0.13 (0.03, 0.24)
WHO traditional criteria (35) —5.35(—9.36, —1.34) 0.18 (0.05, 0.32)
0-DMA, nmol/L Motility Linearity —3.78 (-6.84, -0.72) 0.11(0.01, 0.21)
Straightness —5.83(—10.52, —1.14) 0.17 (0.01, 0.32)
Morphology Cytoplasmic droplet 1.67 (0.22, 3.12) —0.05 (—=0.10, —0.01)
Equol, nmol/L Morphometry Coiled tail 6.28 (0.63, 11.93) —0.21(-0.39, —0.02)
Enterodiol, nmol/L Morphometry Coiled tail 4.07 (0.27, 7.87) —0.13 (—0.25, —0.003)
Enterolactone, nmol/L  Motility Linearity —3.62 (—7.16, —0.08) 0.11 (—0.005, 0.23)
Morphometry Round —0.44 (—0.92, 0.03) 0.02 (0.001, 0.03)
Pyriform —2.37 (—4.34, —0.40) 0.07 (0.005, 0.13)
Other tail abnormalities —1.68 (—3.01, —0.35) 0.06 (0.01, 0.10
Morphology Neck and midpiece abnormal —3.35 (—6.51, —0.19) 0.11(0.01, 0.21)
WHO strict criteria (36) 3.29(0.16, 6.42) —0.10 (—0.20, 0.003)
Sperm chromatin stability DNA fragmentation —3.44 (—6.58, —0.30) 0.11 (0.004, 0.21)

" Results presented are significant at the P < 0.05 level and are adjusted for age, site, serum lipids, and cotinine. Models include a
continuous term for phytoestrogens and BMI and an interaction term between continuous phytoestrogens and continuous BMI.
Associations between all phytoestrogens and semen quality parameters, including nonsignificant associations, are provided in Supplemental

Tables 1 and 2. O-DMA, O-desmethylangolensin.
2 Values are percentages unless indicated otherwise.
2 Units expressed in mm.

measurement reflected usual dietary intake over the time course
of a normal spermatogenesis cycle. The extent to which this
assumption can be upheld awaits affirmation.

We were also able to adjust for many potential confounders
in this study, including fish consumption as a marker of dietary
intake and exposure to polychlorinated biphenyls, which have
also been shown to exert endocrine-disrupting properties and
to be associated with semen quality in this population (31), and
to represent the most consistent findings with respect to reduc-
tions in couple fecundity (57). Although we were able to adjust
for several confounders, residual confounding may be present.
We have shown previously, however, that such an unmeasured
confounder would need to be strongly associated with the expo-
sure and outcome to explain away the observed associations
(32, 41, 58). This exploratory study also involved a detailed
semen analysis that evaluated 35 semen quality parameters
that give a more comprehensive assessment of semen quality,
although we cannot rule out that some of the associations ob-
served may have resulted from multiple comparisons. More-
over, we were also able to evaluate associations with lignans
and semen quality, thus further extending research in this
area.

However, we were particularly limited in our assessment of
next-day motility. The glass straw method results in increased
variability in measurement, although the use of next-day
analyses has not been shown to introduce any bias because the
laboratory staff were blinded to the fecundity status of the
male and his phytoestrogen concentrations. Although next-day

analyses may not be suitable for clinical purposes, we have
utilized them here in a population-based setting to further our
understanding of the effects of environmental influences on male
fecundity. It should be pointed out that—with the exception of
motility (25, 26)—no differences were observed between sam-
ples collected at home the night before compared with samples
analyzed within 1.5 h with respect to various semen endpoints.
Importantly, men in the LIFE study had phytoestrogen con-
centrations that were fairly comparable to adult men in the
NHANES over the study period (59, 60). It is also important
to note that changes in semen quality do not necessarily mean
accompanying effects on infertility (61-64). Although we
observed some associations with semen quality in this study,
we previously reported no associations between male urinary
phytoestrogen concentrations and couple fecundity as measured
by time to pregnancy (41). Similar results were observed in a
study among couples attending a fertility center in that soy
intake was associated with semen quality parameters (8) but not
with in vitro fertilization outcomes (65). Taken together, these
results highlight the complexity of studying effects on male
fecundity and the need for future research to better understand
the implications of changes in semen parameters on couple
fecundity. It may also be that the changes in semen quality
observed here were not of sufficient magnitude to affect couple
fecundity, thus highlighting the need for additional research in
this area.

In conclusion, our findings demonstrate that select urinary
phytoestrogens at concentrations characteristic of the US
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population were associated with markers of semen quality. It
is noteworthy that associations depended upon the class of
phytoestrogens and were reduced as BMI increased. Although
these potential effects did not have an impact on couple fecun-
dity, their impact on sperm quality warrants additional study
and highlights the importance of diet on male fecundity (41),
especially given the prevalence of phytoestrogens.
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