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ABSTRACT

Background: Phytoestrogens are plant-derived hormonally active compounds found in soy, cruciferous vegetables,
nuts, and seeds. Although phytoestrogens have been associated with altered endogenous hormonal activity, luteal phase
deficiency, and reduced endometrial decidualization, the literature reporting examinations of phytoestrogen intake and
fertility presents mixed findings.

Objectives: \We sought to evaluate prospectively the association between dietary phytoestrogen intake (isoflavones,
lignans, and coumestans) and fecundability, the per-cycle probability of conception, in 2 cohorts of women planning
pregnancy.

Methods: Pregnancy Study Online (PRESTO) and Snart Foraeldre (SF) are parallel web-based preconception cohort
studies of women from North America and Denmark, respectively, who are trying to conceive. Participants complete an
online baseline questionnaire on sociodemographic, lifestyle, and medical factors. We ascertained intake of individual
phytoestrogens from validated FFQs. \We measured fecundability using data on menstruation and pregnancy status from
bimonthly follow-up questionnaires. We analyzed data from 4880 PRESTO and 2898 SF female study participants who
had been attempting conception for <6 cycles at study entry. We used proportional probabilities regression models to
estimate fecundability ratios (FRs) and 95% Cls.

Results: Phytoestrogen intake varied across cohorts, yet was associated with higher socioeconomic status and
healthier behaviors in both cohorts. After adjustment for potential confounders, phytoestrogen intake was not
substantially associated with fecundability in either cohort. We observed some evidence of improved fecundability with
increasing isoflavone intake among women age >30 years in PRESTO (FR: 1.12; 95% CI: 0.94, 1.34, for comparison of
>90th with <25th percentile intake) and SF (corresponding FR: 1.19; 95% Cl: 0.92, 1.55). Lignan intake was associated
with slightly increased fecundability in SF (FR for comparison of 75th to 90th with <25th percentile: 1.10; 95% Cl: 0.96,
1.26), but decreased fecundability in PRESTO (FR for comparison of >90th with <25th percentile: 0.83; 95% ClI: 0.72,
0.97).

Conclusions: \We did not observe strong associations between phytoestrogen intake and prospectively-measured
fecundability among North American or Danish pregnancy planners. J Nutr 2020;150:1240-1251.
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Introduction

Phytoestrogens, which are plant-derived compounds, include
isoflavones (found in soy products), lignans (found in nuts,
seeds, and cruciferous vegetables), and coumestans (found in
sprouts, split peas, and beans). Phytoestrogens are structurally
similar to estrogens, can bind to estrogen receptors « and B,
and exhibit both estrogenic and anti-estrogenic effects in vitro

(1, 2). Phytoestrogen intake has been associated with decreased
risks of several hormone-dependent diseases, including breast
(3, 4) and endometrial cancers (5, 6), and improved bone
mineral density and strength among postmenopausal women
(7-14). Therefore, it is biologically plausible that dietary
phytoestrogens could affect endogenous hormonal activity and
fertility.
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The literature on the association between phytoestrogens
and fertility, however, is limited and markedly mixed. Reduced
fertility has been observed among captive cheetahs fed soy-
based diets (15) and sheep grazing on red clover, which is high
in isoflavones (16). An in vitro study of human endometrial
stromal cells demonstrated that high levels of the isoflavones
daidzein and genistein interfere with the decidualization
process (17). Epidemiologic and clinical studies indicate that
phytoestrogens may inhibit ovulation by reducing circulating
levels of luteinizing hormone (18). In a prospective cohort
study of healthy, regularly-menstruating women, isoflavone
intake was associated with increased risk of luteal phase
deficiency (19), but not with sporadic anovulation or sex
hormone concentrations (20). Conversely, isoflavone intake
has been associated with decreased markers of inflammation
(21), which could be beneficial for fertility (22). Likewise, in
2 randomized trials of women undergoing fertility treatment,
oral phytoestrogen supplementation resulted in higher rates of
implantation and clinical pregnancy compared with standard
treatment (23, 24). In a prospective cohort study of women
undergoing assisted reproductive technology, higher intake of
soy isoflavones showed a positive dose-response relation with
live birth rates (25). The only study to assess the association
between phytoestrogens and fecundability, the per-cycle prob-
ability of conception, found that higher preconception urinary
concentrations of lignans, but not isoflavones, was associated
with shorter time to pregnancy (26).

In the present study, we examine the prospective association
between self-reported dietary intake of isoflavones, lignans,
and coumestans and fecundability in 2 cohorts of pregnancy
planners, one from North America and the other from
Denmark.

Subjects and Methods

Study populations
Pregnancy Study Online (PRESTO) and Snart Foraeldre (SF) are
ongoing internet-based preconception cohort studies of pregnancy
planners from the United States and Canada (PRESTO) and Denmark
(SF). Details of the study methods have been described elsewhere
(27, 28). Briefly, eligible women were 21-45 years old (PRESTO) or
18-45 years old (SF), in a stable relationship with a male partner,
and attempting to conceive without fertility treatment at enrollment.
Participation involves completion of a baseline questionnaire on
demographic, lifestyle, behavioral, medical and reproductive factors, as
well as brief follow-up questionnaires every 8 weeks for up to 12 months
or until reported conception, whichever occurs first. Ten days after
baseline, women are invited to complete a validated study-specific food-
frequency questionnaire (FFQ): the National Cancer Institute (NCI)
Diet History Questionnaire II (29) in PRESTO and an FFQ designed
specifically for the cohort in SF (30).

Enrollment began in June 2013 for PRESTO and June 2011 for
SF (although the SF FFQ was not implemented until February 2013).
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Women enrolled in the study through February 2019 are included in the
present analysis. We excluded women who had implausible baseline last
menstrual period (LMP) dates, who had been attempting conception for
at least 6 cycles at study entry and who did not complete the FFQ. We
additionally excluded women with implausible energy intake (<600 or
>3800 kcal/d) and those who skipped more than 12 items on the FFQ
(Figure 1). The final analytic sample included 4880 PRESTO women
and 2898 SF women.

The Institutional Review Board at Boston University Medical Center
and the Danish Data Protection Agency approved this study. This study
was conducted in accordance with the guidelines laid down in the
Declaration of Helsinki, and all procedures involving human subjects
were approved by the Boston Medical Center Institutional Review
Board and the Danish Data Protection Agency. Informed consent was
obtained online from all subjects.

Assessment of phytoestrogen intake

On the PRESTO FFQ, we ascertained information on 277 individual
food items. Questions were asked in reference to average intake during
the last year. We used the nutrient composition of the individual food
items to calculate phytoestrogen intake. Specifically, we used the NCI
DietxCalc software version 1.5.0 to calculate intake of isoflavones
(daidzein, genistein, glycitein, formononetin, and biochanin-A) and
coumestans (coumestrol) (31). Because the NCI nutrient composition
database did not include lignans, we created an ad hoc database
using published values on lignan content of foods in Western diets
(32) to calculate intake of matairesinol, lariciresinol, pinoresinol,
and secoisolariciresinol. We did not have information on lignan
content for 11 of the 277 food items (rice milk, milkshakes/sodas,
whole-milk yogurt, low-fat yogurt, creamed soups, avocado/guacamole,
mango, other fruits, other juice, calcium-fortified other juice, and
tomato/vegetable juice). We adjusted phytoestrogen intake for total
energy intake using the nutrient residual method (33).

We created a similar ad hoc phytoestrogen database for the SF
data, using the PRESTO database and a phytoestrogen database of the
National Food Composition Database Fineli® as the reference (34).
For each of the 293 individual food items ascertained on the Danish
FFQ, we assigned individual phytoestrogen values. For foods that were
represented in the PRESTO database, we assigned the phytoestrogen
content values from the PRESTO database. When needed, we applied a
correction factor to adjust the values from prepared foods in PRESTO
to raw foods of the Danish food list. The phytoestrogen content of
Danish breads and muesli was calculated based on Danish recipes and
the phytoestrogen content of flour, seeds, etc. was obtained from the
Finnish database. For the remaining foods that were not in the PRESTO
database, we allocated values from the Finnish database. A few foods
were not present in either database; for these foods, we assigned values
from a similar food.

Assessment of fecundability

On the follow-up questionnaires in both cohorts, we collected
information on pregnancy status and intervening pregnancy losses.
We collected information on menstrual cycle regularity, typical cycle
length, and LMP dates at baseline and over follow-up. For women with
irregular cycles, we estimated typical cycle length using LMP dates over
follow-up and information on the number of menstrual cycles per year.
We calculated study time, in discrete cycles, using the following formula:
(cycles trying to conceive at study entry) + [(LMP date from most recent
follow-up questionnaire — date of baseline questionnaire)/cycle length]
+ 1.

Assessment of covariates

We collected covariate data from the baseline questionnaires, follow-up
questionnaires, and FFQs. Covariates of interest included demographics
lage, race/ethnicity (PRESTO only), education, income, and employ-
ment), lifestyle and behavioral factors (height, weight, physical activity,
and cigarette smoking history), dietary factors [alcohol, caffeine, and
sugar-sweetened soda intake; total energy intake; multivitamin and
folic acid use; diet quality [measured by the 2010 Healthy Eating
Index (HEI) score in PRESTO (35, 36) and the Nutrient Rich Diet
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PRESTO

10,145 completed baseline questionnaire
(beginning June 1, 2013)

\4

10,000 eligible women with plausible
menstrual cycle date data

7,987 women trying to conceive for <6
menstrual cycles at study entry

A 4

4,996 women completed FFQ
(63% completion)

A 4

4,880 women in analytic sample

Snart Foraeldre

5,014 completed baseline questionnaire
(beginning January 24, 2013)

4,808 eligible women with plausible
menstrual cycle data

\ 4

3,716 women trying to conceive for <6
menstrual cycles at study entry

A 4

3,013 women completed FFQ
(81% completion)

2,898 women in analytic sample

FIGURE 1 Flowchart of analytic sample, PRESTO and Snart Foraeldre cohorts.

(NRD) 15.3 score in SF (37); and intake of dietary fiber, saturated
fat, fruits, and vegetables, calculated from the FFQ], and reproductive
factors [intercourse frequency, doing something to improve chances
of conception (e.g., timing intercourse, ovulation testing, monitoring
cervical mucus quality), parity, and last method of contraception]. We
did not ascertain racial/ethnic information in SF because the population
is overwhelmingly non-Hispanic white.

Data analysis

Because phytoestrogen intake was calculated differently in the 2 cohorts,
we conducted analyses in parallel. We used life-table methods to
calculate the proportion of women who conceived during follow-up.
We measured Spearman correlation coefficients between the individual
log-transformed phytoestrogen intakes. We used the nutrient residual
method to standardize individual phytoestrogen intake to the mean
energy intake in each cohort (33).

Women contributed menstrual cycles at risk to the analysis from
cohort entry until pregnancy, initiation of fertility treatment, cessation
of pregnancy attempt, loss to follow-up, or 12 cycles, whichever came
first. We examined the association between phytoestrogen intake and
fecundability using a proportional probabilities regression model (38).
This model estimates fecundability ratios (FR; the per-cycle probability
of conception in exposed compared with unexposed women) and 95%
ClIs. The model includes binary indicators of cycle number at risk to
account for the decline in baseline fecundability over time. We used
the Andersen-Gill data structure to account for left truncation by
allowing for delayed entry into the risk set (i.e., when women enter the
study after already attempting conception for several menstrual cycles)
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(39, 40). We analyzed each phytoestrogen variable individually in
relation to fecundability; we also created summary variables for total
isoflavones and lignans and analyzed these groups in relation to
fecundability. We categorized individual and grouped phytoestrogens,
creating cut points at the 25th, 50th, 75th, and 90th percentiles. We
also used restricted cubic splines to examine nonlinear associations
(41, 42).

We selected potential confounders based on a literature review
and consideration of the strength and direction of causal relations
between variables. Final models were adjusted for total energy intake
(continuous), age (<25, 25-29, 30-34, >35 vy), race/ethnicity [non-
Hispanic white, non-Hispanic black, Asian, Hispanic, or other/mixed
race (PRESTO only)], household income (<$50,000, $50,000-$99,999,
$100,000-$149,999, or >$150,000 USD/y in PRESTO; <25,000,
25,000-39,999, 40,000-64,999, >65,000 DKK/mo in SF), education
(<12, 12-15, 16, and >17 y), BMI (kg/m?) (<25, 25-29, 30-34, >35
kg/m?), cigarette smoking history (never, former, current occasional,
current regular), sugar-sweetened soda intake (0, 1, 2-6, >7 drinks/wk),
daily multivitamin or folic acid use (yes, no), intercourse frequency
(<1, 1, 2-3, >4 times/wk), doing something to improve chances
of conception (yes, no), last method of contraception (hormonal,
withdrawal/rhythm, or barrier methods), and HEI score (PRESTO) or
NRD score (SF). We also mutually adjusted finals models for other types
of phytoestrogens (for example, final models for daidzein, an isoflavone,
were adjusted for total lignan and coumestrol intakes).

We stratified final multivariable models by attempt time at study
entry (<3 compared with 3-6 cycles) to assess the possibility of reverse
causation (i.e., taking longer to conceive prompting dietary changes).



We also stratified by female BMI (<25 compared with >25 kg/m?) and
female age (<30 compared with >30 y) to assess whether associations
were stronger among overweight or older women, subgroups of women
at greater risk of infertility. We ran additional sensitivity analyses
restricted to women with regular cycles and women with no history
of polycystic ovary syndrome, as these women may change their diet
while trying to conceive.

We used a Markov chain Monte Carlo multiple imputation method
to impute missing data on outcome and covariates. We generated 5
imputation datasets and combined point estimates and SEs. Women
who did not complete any follow-up questionnaires (7 = 53 in PRESTO;
n =201 in SF) were assigned 1 cycle of observation and imputed their
pregnancy status. Covariate missingness ranged from 0% (age) to 4%
(income) in PRESTO and from 0% (age) to 10% (income) in SE. Among
women who completed the FFQ, there were no missing phytoestrogen
values. All statistical analyses were conducted using SAS version 9.4
(43).

Results

During follow-up, 73.7% of PRESTO women conceived
(accounting for censoring). Eleven percent of the women
initiated fertility treatment, 3.2% stopped trying to conceive,
6.6% were lost to follow-up, 10.3% were censored at 12
cycles, and 4.4% were still actively participating in the study.
In SF, 82.8% of women conceived (accounting for censoring).
Women who did not conceive either initiated fertility treatment
(6.5%), stopped trying to conceive (3.4%), were lost to follow-
up (14.0%), were censored at 12 cycles (9.4%), or were still
actively participating in the study (0.8%).

The mean age of participants at baseline was 30.1 £+ 4.0
years for PRESTO and 29.1 + 3.8 years for SE The racial/ethnic
composition of PRESTO was 86.8% non-Hispanic white, 1.6 %
non-Hispanic black, 1.8% Asian, 5.5% Hispanic, and 4.4%
mixed or other race/ethnicity. More than 40% of women in both
cohorts had graduate education. Eighteen percent of women
had an annual household income of at least $150,000 in
PRESTO, compared with 32.2% in SE. Women in PRESTO
were heavier (mean BMI = 27.2 kg/m?) than SF women (mean
BMI = 24.1 kg/m?) and less physically active (35.3 metabolic
equivalents of task hours/week in PRESTO compared with 63.8
in SF). Current cigarette smoking and alcohol use were similar
in both cohorts.

Median isoflavone intake was higher in PRESTO than
in SF (1060 pg/d and 482 pg/d, respectively). The majority
of isoflavone intake in PRESTO was from soy-based meat
substitute consumption, whereas intake of these isoflavones
in SF was driven by soy milk and other foods (e.g., tea,
coffee; Table 1). Sources of biochanin-A and formononetin
were similar in both cohorts. Lignan intake was higher in
SF (median intake = 430 pg/d) than in PRESTO (median
intake = 124 pg/d). Cruciferous vegetables and nuts and
seeds contributed to intake in both cohorts, but in SE, a large
contribution to lignan intake came from seedy breads. Food
contributions to and intakes of coumestrol were similar in both
cohorts. Daidzein and genistein were highly correlated in both
cohorts (Supplemental Table 1). Biochanin-A and formononetin
were not strongly correlated with other phytoestrogens in
either cohort. Coumestrol was associated with pinoresinol, but
not other phytoestrogens. In PRESTO, individual lignans were
moderately correlated with each other, whereas in SF, only
lariciresinol and pinoresinol were correlated.

In PRESTO, women with high isoflavone and lignan intake
were older, of higher socioeconomic status, more likely to

be non-Hispanic white or Asian, and less likely to be non-
Hispanic black or Hispanic (Table 2). They also practiced
more healthful behaviors, including having lower BMI, higher
levels of physical activity, being less likely to smoke cigarettes,
drank fewer sugar-sweetened sodas, and were more likely
to take daily multivitamins or folic acid. They drank more
alcohol and caffeinated beverages, but these contributed to
phytoestrogen intake. Isoflavone and lignan intakes were also
positively associated with more healthful diets, including overall
diet quality, lower saturated fat intake, and higher dietary
fiber intake. Coumestrol intake was not strongly associated
with demographic, behavioral, dietary, or reproductive variables
(Supplemental Table 2). In SE, patterns were generally similar,
but weaker, with some exceptions (e.g., physical activity was
inversely related to phytoestrogen intake; Table 2).

Total isoflavone intake was not strongly associated with
fecundability in either cohort (Table 3; Figures 2 and 3). In
SE, formononetin was associated with reduced fecundability. We
did not observe a similar inverse association in PRESTO, but the
range of formononetin exposure was substantially narrower.

In SE, we observed some evidence of an association between
total lignan intake and improved fecundability (Table 3,
Figure 3); fecundability increased with increasing lignan intake
from 50 to 400 pg/d, with little additional increase in
fecundability at intakes of >400 pg/d (Figure 3). In PRESTO, we
observed the opposite associations, with high lignan intake of
lignan being associated with reduced fecundability. Coumestrol
was not appreciably associated with fecundability in either
cohort (Table 3; Figures 2 and 3).

Results were similar across strata of attempt time at study
entry (Supplemental Table 3). The association between lignan
intake and reduced fecundability in PRESTO was only evident
among normal-weight women (Supplemental Table 4); there
was no evidence of effect measure modification by BMI in SE.
We also observed some evidence that total isoflavone intake
was associated with improved fecundability among women age
>30 y in both cohorts (Supplemental Table 5), but not among
women age <30 y.

Results were similar to those of the main analysis when
restricting to women with regular menstrual cycles and when
restricting to women with no polycystic ovary syndrome
diagnosis (data not shown).

Discussion

In these 2 preconception cohorts of pregnancy planners from
North America and Denmark, we did not observe strong
associations between dietary phytoestrogen intake in the
past year and fecundability. We did observe some evidence
of an inverse association between formononetin intake and
fecundability in SE, but not in PRESTO.

Our findings are not consistent with those of the single
other preconception cohort study that examined the associ-
ation between phytoestrogens and fecundability. In the LIFE
(Longitudinal Investigation of Fertility and the Environment)
study, phytoestrogens were measured in the preconception
urine of 501 couples from Texas and Michigan who were
planning a pregnancy (26). An increase of 1 natural log unit
in female urinary concentrations of the lignans enterodiol and
enterolactone was associated with 13% and 12% improved
fecundability, respectively. Although the study design of the
LIFE study is similar to that of PRESTO and SE, our exposure
assessment was different. We ascertained phytoestrogen intake
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TABLE 1 Top individual contributors to phytoestrogen intake among female pregnancy planners in the PRESTO (n = 4880) and SF

(n = 2898) cohorts’

Rank by Intake, Rank by Concentration,
intake? Food item ma/d concentration® Food item 1a/g
PRESTO
Daidzein
1 Soy-based meat substitutes 181 £ 615 1 Soy milk 133
2 Coffee 180 + 219 2 Soy-based meat substitutes 65.0
3 Meal replacement bars & liquids 102 + 225 3 Meal replacement bars & liquids 15.4
Genistein
1 Soy-based meat substitutes 254 + 872 1 Soy milk 179
2 Meal replacement bars & liquids 176 + 379 2 Soy-based meat substitutes 92.0
3 Soy milk 91.1 £ 1130 3 Meal replacement bars & liquids 21.0
Glycitein
1 Soy-based meat substitutes 435 + 139 1 Soy milk 17.4
2 Meal replacement bars & liquids 33.0 £ 672 2 Soy-based meat substitutes 14.0
3 Soy milk 10.3 +£ 122 3 Meal replacement bars & liquids 4.40
Biochanin-A
1 Peas 55.0 + 955 1 Peas 11.0
2 Chicken mixtures 9.44 + 206 2 Beef stews/pot pies 1.16
3 Beef stews/pot pies 797 £ 170 3 Chili 0.91
Formononetin
1 Beans 754 £ 7.27 1 Bean soups 0.33
2 Bean soups 6.40 + 8.46 2 Beans 0.32
3 Other vegetables 1.01 £ 3.1 3 Nuts & seeds 0.06
Matairesinol
1 Sweet potatoes 095 + 1.74 1 Sweet potatoes 017
2 Onions 0.57 £+ 0.56 2 Onions 0.09
3 Coffee 0.45 £+ 0.49 3 Oranges, tangelos 0.02
Lariciresinol
1 Broccoli 939 £+ 111 1 Winter squash 0.91
2 Nuts & seeds 430 + 6.51 2 Broccoli 0.82
3 Coffee 392 + 280 3 Dried apricot 0.62
Pinoresinol
1 Tea 10.411.6 1 Dried apricot 1.90
2 Peaches, nectarines, plums 191 £+ 465 2 Coleslaw 0.44
3 Strawberries 1.65 &+ 2.65 3 Cabbage/sauerkraut 0.44
Secoisolariciresinol
1 Coffee 19.0 + 23.1 1 Dried apricot 1.48
2 Tea 985 + 11.0 2 Nuts & seeds 0.47
3 Nuts & seeds 577 + 874 3 Green beans 0.31
Coumestrol
1 Tea 52.6 + 99.8 1 Egg rolls 1.46
2 Citrus juice 131 + 274 2 Pasta 0.67
3 Pasta 572 £ 1.1 3 Grapefruit 0.50
SF
Daidzein
1 Soy milk 519 + 2420 1 Soy milk 60.4
2 Coffee 117 £ 134 2 Beans 9.55
3 Beans 30.8 £+ 456 3 Fruit juice 5.80
Genistein
1 Soy milk 729 + 3410 1 Soy milk 84.9
2 Tea 48.8 + 78.3 2 Beans 10.2
3 Beans 32.8 £+ 485 3 Low-fat cheese 2.86
Glycitein
1 Beans 8.34 + 12.34 1 Beans 2.58
2 Cheese 0.51 £+ 0.96 2 Low-fat cheese 0.32
3 Ice cream 0.04 £+ 0.03 3 Ice cream 0.01
Biochanin-A
1 Peas 95.6 + 74.4 1 Peas 13.3
2 Beans 337 +£ 499 2 Beans 1.05
3 Nuts & seeds 0.09 + 0.09 3 Nuts & seeds 0.05
(Continued)
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TABLE 1 (Continued)
Rank by Intake, Rank by Concentration,
intake? Food item mg/d concentration® Food item ua/g
Formononetin
1 Beans 1.08 + 1.60 1 Muesli 1.35
2 Other vegetables 0.43 + 042 2 Bean sprouts 0.43
3 Rye bread 0.37 + 0.29 3 Beans 0.33
Matairesinol
1 Rye bread 25.1 £+ 191 1 Flat bread 0.61
2 Onions 1.01 + 0.63 2 Crisp bread 0.57
3 Wheat bread 0.92 + 0.80 3 Rye bread 0.46
Lariciresinol
1 Cabbage 125 + 102 1 Squash 0.91
2 Squash 513 £ 574 2 Broccoli 0.82
3 Broccoli 3.16 + 3.44 3 Dried apricot 0.62
Pinoresinol
1 Cabbage 17.1 £ 140 1 Dried apricot 1.90
2 Tea 6.00 + 9.62 2 Cabbage 0.44
3 Peach/nectarine 2.51 + 3.06 3 Peach/nectarine 0.37
Secoisolariciresinol
1 Wheat bread 212 + 166 1 Wheat bread 66.4
2 Muesli 91 4+ 145 2 Flat bread 65.8
3 Rye bread 65.6 + 538 3 Farmer's bread 65.7
Coumestrol
1 Tea 43.0 £ 69.1 1 Grapefruit 0.50
2 Fruit juice 10.1 + 13.1 2 Orange juice 0.44
3 Other vegetables 1.38 £ 1.37 3 Bean sprouts 0.36

TPRESTO, Pregnancy Study Online; SF, Snart Foraeldre.

2Phytoestrogen intake (mean & SD mg/d) among women in the PRESTO and SF cohorts.

SPhytoestrogen concentration (11g/g) of individual foods in the Snart Foraeldre and PRESTO phytoestrogen databases.

over the past year using FFQs, whereas the LIFE investi-
gators measured urinary concentrations of phytoestrogens.
Because phytoestrogens have short half-lives [approximately
4 h for enterodiol and 12 h for enterolactone (44)], urinary
concentrations capture phytoestrogen intake in a short time
window.

Our findings are consistent with results from the EARTH
(Environment and Reproductive Health) study, a cohort of 315
women seeking fertility treatment at Massachusetts General
Hospital (25), where pretreatment soy isoflavone intake,
ascertained via FFQ, was associated with higher probability
of implantation, clinical pregnancy, and live birth. Although
we observed little overall association between isoflavone intake
and fecundability in either cohort, higher isoflavone intake
was associated with improved fecundability among women
>30 years old. The mean age of female EARTH participants
was 36 + 4 years, and it is likely that the large majority
of women were >30 years old. Specific causes of infertility
vary by age. Thus, the observed age interaction may signify
that isoflavones influence risk of specific types of subfertility
that affect older reproductive-aged women, such as ovulatory
infertility. However, there was no clear dose-response relation
in either cohort, and our results could reflect chance variation.

Due to important differences in diet and sources of
phytoestrogens in North America and Denmark, we used
separate FFQs and phytoestrogen databases in the 2 cohorts.
Inconsistent associations with fecundability across cohorts may
be due to differential ascertainment of phytoestrogen food
sources. For example, lignan intake in SF was driven by bread;

in PRESTO, we asked about bread as white bread or nonwhite
bread, and we did not collect information on multigrain or other
seedy breads that may have high lignan content. Therefore,
breads were not a main contributor to lignan intake in PRESTO.

Some variation in results across cohorts may also stem from
use of different exposure categories, which was necessary due
to the differences in range of phytoestrogens. For example, in
SE, but not PRESTO, we observed a dose-response relation
between formononetin intake and reduced fecundability. The
range of formononetin intake was substantially narrower
in PRESTO than in SE making comparison across cohorts
difficult. Likewise, because lignan intake was much higher in
SF compared with PRESTO, the highest total lignan category
in PRESTO was >210 pg/d, and the lowest total lignan
category in SF was <388 pg/d. In addition, our phytoestrogen
exposure assessment likely ranks individuals within each cohort
appropriately by phytoestrogen intake, but the absolute values
may not reflect true intake.

Misclassification of the timing and extent of phytoestrogen
intake was unavoidable. First, use of an FFQ relies on
accurate reporting of average food intake over the past
year by participants. Second, particularly for compounds like
phytoestrogens, which are found in a wide range of foods,
calculation of phytoestrogen intake relies on assumptions about
the inclusion of phytoestrogen-containing foods (e.g., flax seeds)
in mixed recipes (e.g., granola bars). Because our FFQs were
not designed specifically to assess phytoestrogen intake, we
did not ask detailed questions about phytoestrogen-containing
foods and thus had to rely on assumptions about intake (for
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FIGURE 2 Association between female dietary phytoestrogen intake and fecundability, fit using restricted cubic splines, among 4880
pregnancy planners in the PRESTO cohort. The solid line represents the FR and the shaded area represents the 95% CI. The reference level for
the FR is the lowest level of intake in the cohort. The curves are adjusted for total energy intake, age, race/ethnicity, income, education, BMI,
smoking, sugar-sweetened soda intake, multivitamin/folic acid use, intercourse frequency, doing something to improve chances of conception,
and HEI score; models are also mutually adjusted for other classes of phytoestrogens. The splines are trimmed at the 95th percentile and have
4 knot points each at the 25th, 50th, 75th, and 90th percentiles. FR, fecundability ratio; HEI, Healthy Eating Index; PRESTO, Pregnancy Study
Online.

example, the type of bread consumed in PRESTO). Lastly,  sociodemographic, lifestyle, reproductive, and dietary factors.
the phytoestrogen content of phytoestrogen-containing foods ~ We do not expect that residual confounding accounts for
is derived from databases that have measured phytoestrogen  our relatively null findings, as unmeasured confounding by
content in food samples, which may not be consistent across  socioeconomic status or healthy lifestyle would likely result in
products. The databases contain a limited number of food  an observed positive association between phytoestrogen intake
samples, and some of the values are over a decade old. In  and fecundability.
addition, there are several phytoestrogens present in foods that Given the strong relation between phytoestrogen intake,
were not in the databases. Because participants completed the  healthy lifestyle, and socioconomic status, it is plausible that
FFQ at (or close to) the beginning of their pregnancy attempt  differential loss to follow-up may bias our results. In PRESTO,
time, any miclassification is likely nondifferential with respect ~ we observed higher probability of loss to follow-up among
to fecundability. women in the lowest, compared with those in the highest,
Many phytoestrogen-containing foods (e.g., nuts, seeds, category of isoflavones (9.9% compared with 2.5%), lignans
cruciferous vegetables, soy products) are consumed as part of a  (9.8% compared with 3.9%), and coumestrol (6.2% compared
healthful diet. Therefore, confounding by socioeconomic status ~ with 5.0%); differences in SF were smaller (16.6% compared
and lifestyle is likely. As expected, we observed substantial ~ with 17.3% for isoflavones, 16.7% compared with 11.4% for
attenuation of our results after controlling for a wide range of  lignans, and 15.3% compared with 13.2% for coumestrol). If
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FIGURE 3 Association between female dietary phytoestrogen intake and fecundability, fit using restricted cubic splines, among 2898
pregnancy planners in the Snart Foraeldre cohort. The solid line represents the FR and the shaded area represents the 95% confidence
interval. The reference level for the FR is the lowest level of intake in the cohort. The curves are adjusted for total energy intake, age, income,
education, BMI, smoking, sugar-sweetened soda intake, multivitamin/folic acid use, intercourse frequency, doing something to improve chances
of conception, and Nutrient Rich Density score; models are also mutually-adjusted for other classes of phytoestrogens. The splines are trimmed
at the 95th percentile and have four knot points each at the 25th, 50th, 75th, and 90th percentiles. FR, fecundability ratio.
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loss to follow-up is related to lower fecundability, then differen-
tial loss to follow-up would result in the underrepresentation
of low phytoestrogen consumers with lower fecundability in
the analytic cohort, which could lead to a spurious inverse
association.

In conclusion, we found only slight associations between
phytoestrogen intake and fecundability. Unlike previous re-
search, this study enrolled women during the preconception
period, thereby reducing potential for reverse causation, and
controlled for a wide range of sociodemographic, lifestyle, and
dietary variables. However, nondifferential misclassification due
to imperfect measurement of phytoestrogen intake may have
affected our results.
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