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Abstract

Objective—To evaluate the relationship between pre-treatment intake of whole grains and
outcomes of /n vitro fertilization (1\VF).

Design—~Prospective cohort study.
Setting—Academic medical center.
Patient(s)—273 women who collectively underwent 427 IVF cycles.

Intervention(s)—Whole grain intake was assessed with a validated food frequency
questionnaire at enrollment.

Main Outcome Measures—Intermediate and clinical endpoints of I\VF were abstracted from
medical records.

Results—Women had a median whole grain intake of 34.2 g/day (~1.2 servings/day). Higher
pre-treatment whole grain intake was associated with higher probability of implantation and live
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birth (p-trend=0.02 and 0.03, respectively). The adjusted percentage of cycles resulting in live
birth for women in the highest quartile of whole grain intake (>52.4 g/day) was 53% (95% CI 41,
65) compared to 35% (95% CI 25, 46%) for women in the lowest quartile (<21.4 g/day). This
association was largely driven by intake of bran as opposed to germ. When intermediate endpoints
of IVF were examined, only endometrial thickness on the day of embryo transfer was associated
with whole grain intake. A 28 g/day (~1 serving/day) increase in whole grain intake was
associated with a 0.4 mm (95% C1 0.1, 0.7 mm) increase in endometrial thickness.

Conclusions—Higher pre-treatment whole grain intake was related to higher probability of live
birth among women undergoing IVVF. The higher probability of live birth may result from
increased endometrial thickness on the day of embryo transfer and improved embryo receptivity
manifested in a higher probability of implantation.
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Introduction

Whole grains are rich in many components, including dietary fiber, antioxidant nutrients,
vitamins, minerals, lignans, and phenolic compounds, that have been linked to reduced risk
of coronary heart disease (1), cancer (2), diabetes (3), obesity (4), and all-cause mortality
(5). While it is generally accepted that whole grains are beneficial in preventing most
chronic diseases, less is known about their impact on reproductive outcomes such as fertility
and fecundity.

Whole grain foods and its components have physiologic properties that support a link
between whole grain intake and fertility. Whole grain intake has been linked to lower levels
of systematic inflammation (6, 7) and specific nutrients found in wholes grains such as
phytic acid, vitamin E, and selenium are known to support antioxidant defense (8, 9). As an
imbalance between pro-oxidants and antioxidants has been identified to play a key role in
the pathogenesis of female subfertility (10), the anti-inflammatory actions of whole grains
could promote fertility through their capacity to control the production of reactive oxygen
species. Whole grain intake has also been shown to help regulate glucose metabolism and
decrease insulin resistance (11), Since insulin resistance has been implicated in the
development of polycystic ovarian syndrome (12) and recurrent pregnancy loss (13), this
could also be a mechanism through which whole grain could exert potentially beneficial
reproductive effects. Finally, although less researched, the hormonally active compounds in
whole grains, called lignans, may also exert proestrogenic and antiestrogenic effects that
could have reproductive benefits (14).

Based on these biological hypotheses, we sought to determine the extent to which habitual
whole grain intake in the year prior to infertility treatment initiation influences both
intermediate and clinical outcomes of /i vitro fertilization (IVF).
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Materials and Methods

Study Population

Participants were women enrolled in the Environment and Reproductive Health (EARTH)
Study, an ongoing prospective cohort started in 2006 aimed at identifying determinants of
fertility among couples presenting to the Massachusetts General Hospital Fertility Center
(Boston, MA, USA). All women who meet eligibility requirements (age 18-46 years and no
planned use of donor gametes at enrollment) are invited to participate in the study.
Approximately 55% of those referred by physicians ultimately enroll in the study; however,
among referred women who research nurses are able to contact, 78% enroll in the study. A
food frequency questionnaire (FFQ) was introduced in 2007. For this analysis, women were
eligible if they had completed at least 1 IVF cycle between February 2007 and August 2014
(n=370). Of these, 94 women (25%) were excluded because they had not completed the FFQ
and 12 women (3%) were excluded because they had started their IVF cycle prior to
completion of the FFQ. Women missing diet were more likely to be diagnosed with
diminished ovarian reserve (17.0% vs. 7.3%) or endometriosis (13.8% vs. 4.0%) and more
likely to have IVF cycles that failed prior to embryo transfer (16.0% vs. 8.0%). All other
characteristics were similar to the women included in our analysis. Some women re-enrolled
in the study years after their initial entry and filled out a second FFQ (n=10). In these rare
instances, the cycles initiated subsequent to the receipt of the second FFQ were assigned to
this FFQ. The study was approved by the Institutional Review Boards of the Massachusetts
General Hospital and the Harvard T. H. Chan School of Public Health. All participants
provided written informed consent after study procedures were explained by a research
nurse.

Diet Assessment

Diet was assessed before IVF treatment initiation using a validated food frequency
questionnaire (15). Participants were asked to report how often, on average, they consumed
131 foods (with a prespecified portion size) during the previous year using 9 categories of
intake frequency, ranging from less than 1 per month to 6 or more per day. Open-ended
questions were included for breakfast cereal brand names and foods that were not listed on
the FFQ. Multivitamin and supplement users were asked to specify the brand of the
multivitamin or supplement, the dose, and frequency of use. Nutrient intakes were estimated
by summing the nutrient contribution of all food and supplement items. Nutrient contents
were obtained from the nutrient database of the US Department of Agriculture with
additional information from manufacturers (16). Previous validation studies have indicated
good correlations between foods and nutrients assessed by this dietary questionnaire and
multiple weeks of food records completed over the previous year such as 0.75 for ready-to-
eat cereals and 0.77 for dark breads (15, 17).

Intakes of whole grain were estimated from all grain-containing foods (rice, bread, pasta,
and breakfast cereals) according to the dry weight of the whole grain ingredients in each
food (18). Whole grain consumption from breakfast cereal was derived from more than 250
brand name cereals based on information provided by product labels and breakfast cereal
manufacturers. In our study, whole grains included intact and pulverized forms that

Fertil Steril. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gaskins et al.

Page 4

contained the expected proportion of bran, germ, and endosperm for the specific grain types.
By definition, the following foods and ingredients were considered whole grains: whole
wheat and whole wheat flour, whole oats and whole oat flour, whole cornmeal and whole
corn flour, whole rye and whole rye flour, whole barley, bulgur, buckwheat, brown rice and
brown rice flour, popcorn, amaranth, and psyllium. In the FFQ, we also asked the frequency
of consuming added bran (oat bran and other bran) and added wheat germ. Intakes of bran
and germ were derived directly from whole grain foods and those added to foods. Total bran
and total germ are the sum of intakes from both sources.

We used two data-derived dietary patterns, calculated using factor analysis based on 40 pre-
defined food groups, to describe general patterns of food consumption (19). Orthogonal
transformations were used to achieve uncorrelated factors (dietary patterns) with simpler
structures with greater interpretability. In brief, two dietary patterns were identified using
factor analysis: the Prudent pattern, characterized by intakes of fish, fruits, vegetables, nuts,
and legumes; and the Western pattern, characterized by high intakes of red and processed
meat, butter, refined grains, and sweets. For every subject we calculated factor scores for
each of the factors by summing the frequency of consumption for each of the 40 food groups
multiplied by factor loadings across all food items. Scores on the ‘Prudent’ and “‘Western’
dietary patterns have a mean of 0 and a standard deviation of 1. Women received a score on
each of these patterns with higher scores indicating higher adherence. These dietary pattern
scores were used to account for potential confounding by overall diet quality in the
multivariable models.

Outcome Assessment

Patients underwent one of three stimulation protocols as clinically indicated: 1) luteal-phase
GnRH agonist protocol; 2) follicular-phase GnRH-agonist/Flare protocol; or 3) GnRH-
antagonist protocol. Patients were monitored during gonadotropin stimulation for serum
estradiol, follicle size measurements and counts, and endometrial thickness. Human
chorionic gonadotropin (hCG) was administered approximately 36 hours before the
scheduled egg-retrieval procedure to induce ovulation. Details of egg retrieval have been
previously described. (20)

Couples underwent IVF with conventional insemination or intra-cytoplasmatic sperm
injection (ICSI) as clinically indicated. Embryologists classified oocytes as germinal vesicle,
metaphase I, metaphase Il (MII) or degenerated. Embryologists determined fertilization 17—
20 hours after insemination as the number of oocytes with two pronuclei. Fertilization rate
was defined as the total number of fertilized embryos divided by the number of MII oocytes.
The resulting embryos were monitored for cell number and morphological quality (1 (best)
to 5 (worst)) on day 2 and 3. For analysis we classified embryos as best quality if they had 4
cells on day 2, 8 cells on day 3, and a morphologic quality score of 1 or 2 on days 2 and 3.
We defined implantation as a serum -hCG level >6 mlIU/mL typically measured 17 days
(range 15-20 days) after egg retrieval, clinical pregnancy as the presence of an intrauterine
pregnancy confirmed by ultrasound, and live birth as the birth of a neonate on or after 24
weeks gestation.
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Covariate Assessment

At enrollment, height and weight were measured by a trained research nurse to calculate
body mass index (BMI) (kg/m?) and a brief, nurse-administered questionnaire was used to
collect data on demographics, medical history, and lifestyle. Participants also completed a
detailed take-home questionnaire with additional questions on lifestyle factors, reproductive
health, and medical history. Clinical information including infertility diagnosis and protocol
type was abstracted from electronic medical records.

Statistical Analysis

Results

Women were classified into quartiles based on whole grain intake and descriptive statistics
were calculated across quartiles for demographic characteristics, dietary nutrients, and initial
cycle characteristics. Multivariate generalized linear mixed models with random intercepts
were used to evaluate the association between whole grain intake and IVF outcomes while
accounting for within-person correlations in outcomes. These models generate unbiased
estimates in the presence of an unbalanced design (e.g. different number of cycles per
woman) when data is not missing completely at random and the model is correctly specified.
Normal distribution and identity link function were specified for peak estradiol and
endometrial thickness (both normally distributed), Poisson distribution and log link function
were specified for oocyte counts, and binomial distribution and logit link function were
specified for fertilization rate, embryo quality, and clinical outcomes. Tests for trend across
quartiles were conducted using a variable with the median whole grain intake in each
quartile. Whole grain intake was also evaluated as continuous linear and quadratic variable.
All results are presented as population marginal means, adjusted for covariates (21).

Confounding was evaluated using prior knowledge and descriptive statistics from our cohort
through the use of directed acyclic graphs. Variables retained in the final multivariable
models were calorie intake, age, BMI, race, dietary patterns, and folate and alcohol intake.
Nutrients highly correlated with whole grain intake were analyzed as collinear variables and
potential confounders by adding the nutrients to the fully adjusted model separately and then
in combination to see if it affected the magnitude or significance of the effect estimate for
whole grain. Effect modification by demographic and cycle characteristics were tested using
cross-product terms in the final multivariate models. SAS version 9.4 (SAS Institute, Cary,
NC, USA) was used for all statistical analyses.

Our analysis included 273 women who had an average age of 35.4 years and BMI of 24.2
kg/m2. Seventy-one percent of our women had never smoked tobacco and 84% were
Caucasian. The primary infertility diagnosis was 36% unexplained, followed by 34% male
factor and 30% female factor. The median whole grain intake was 34.2 g/day (range 0.6—
195.6 g/day) which corresponds to approximately 1.2 whole grain servings/day (range 0-7
servings/day) (Supplemental Table 1). Women with higher whole grain intake tended to have
higher intake of total calories, carbohydrates, dietary fiber, folate, and alcohol (Table 1).
They also had higher adherence to a Prudent dietary pattern and lower adherence to a
Western dietary pattern. Women in our cohort underwent a total of 438 I\VVF cycles with 166
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women (61%) followed for 1 cycle, 66 women (24%) followed for 2 cycles, 30 women
(11%) followed for 3 cycles, and 11 women (4%) followed for 4-6 cycles. Supplemental
Figure 1 gives an overview of the 438 IVF cycles.

Whole grain intake was positively associated with probability of implantation and live birth
per initiated cycle in models adjusted for age, BMI, race, dietary patterns, and calorie, folate,
and alcohol intake (Figure 1). Specifically, the adjusted percentage of cycles with
implantation for women in the lowest quartile of whole grain intake (>52.4 g/day) was 70%
(95% CI 58%, 79%) compared to 51% (95% CI 40, 61%) for women in the lowest quartile
of whole grain intake (<21.4 g/day) (p-trend=0.02). The adjusted absolute difference (95%
Cl) in live birth percentages between women in the highest versus lowest quartile of whole
grain intake was 18% (6, 30%), representing a decrease from 53% to 35% (p-trend=0.03).
There was a similar pattern of increased clinical pregnancy with increasing quartiles of
whole grain consumption; however this association did not attain statistical significance (p-
trend=0.08). When evaluated as a continuous measure, a one serving per day increase in
whole grain intake was associated with a 33% (95% CI 1, 75%) and 27% (95% CI -2, 65%)
higher odds of implantation and live birth, respectively. There was no evidence of a non-
linear relationship. The association between whole grain intake and implantation, clinical
pregnancy, and live birth was similar when the analyses were restricted to cycles with
embryo transfer (Supplemental Figure 2). The adjusted absolute difference (95% CI) in live
birth percentages per embryo transfer between women in the highest and lowest quartile of
whole grain intake was 18% (5%, 29%) (p-trend=0.04).

In regards to intermediate endpoints of IVF, whole grain intake was not associated with peak
estradiol levels, total or mature oocyte yield, fertilization rate, number of fertilized embryos,
or embryo quality (Table 2). However, whole grain intake was positively associated with
endometrial thickness on the day of embryo transfer (Figure 2). A 28 g/day (~1 serving/day)
increase in whole grain intake was associated with a 0.4 mm (95% CI 0.1, 0.7 mm) increase
in endometrial thickness (p-value for linearity=0.02).

We also investigated whether total bran and germ intake (components of whole grains) were
associated with clinical outcomes of IVF (Supplemental Table 2). There was a strong
positive association between total bran intake and implantation, clinical pregnancy, and live
birth (p-trend=0.003, 0.007, and 0.005, respectively) and the relationship was similar
comparing bran in food and bran added to food. There were no associations between germ
intake and implantation, clinical pregnancy, or live birth. Similarly, there was no significant
relationship between total fiber intake and clinical outcomes of IVF. When we further
adjusted models of whole grain intake and clinical outcomes of IVF for other nutrients
strongly correlated with whole grain intake such as fiber, iron, magnesium, manganese,
selenium, thiamin, riboflavin, and niacin the associations remained similar.

There was no modification of the effect of whole grains on clinical outcomes of IVF by age
(<37, =37 years), BMI (<25, =25 kg/m?), initial infertility diagnosis (male, female,
unexplained), or fertilization type (conventional, ICSI). Effect estimates were also similar
when analyses were restricted to the first cycle per woman and to fresh IVF cycles (i.e. no
egg donor or cryo-thawed cycles).
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Discussion

In a prospective cohort of women undergoing /n vitro fertilization in the United States we
found that higher habitual whole grain consumption in the year prior to infertility treatment
was associated with increased endometrial thickness on the day of embryo transfer and
higher probability of implantation and live birth. The adjusted percentage of cycles resulting
in live birth comparing women in the highest versus lowest quartile of whole grain intake
was 53% versus 35% which corresponded to a difference in median whole grain intake of ~2
servings per day. Higher intake of bran, whether naturally occurring in foods or added to
foods, appeared to be the component of whole grains that was driving this benefit as germ
intake was not related to outcomes of IVF.

To our knowledge, no other studies have specifically evaluated the relationship between
whole grain intake and outcomes of IVVF. However, studies on dietary patterns which
prioritize whole grain intake and outcomes of I\VF present heterogeneous results. In a
subfertile Dutch population, higher adherence to a “health conscious-low processed” dietary
pattern which was rich in whole grains did not affect the probability of achieving pregnancy
after IVF/ICSI (22). However, a cohort study of women from the Netherlands found that
higher adherence to a Preconception Dietary Risk Score which prioritizes at least 4 servings
of whole grains per day was associated with increased chance of pregnancy following IVF/
ICSI treatment (23). While the results of this latter study supports our findings, the authors
did not evaluate specific components of the Preconception Dietary Risk Score and thus it is
hard to ascertain whether whole grain intake, one of the other 5 dietary components (i.e.
monounsaturated and polyunsaturated fats, vegetables, fruits, meat, or fish), or a
combination of these components was driving this association. Interestingly, a recent study
from an US population of women found that higher urinary lignan concentrations (which are
highly correlated with whole grain intake (24)) were associated with shorter times to
preghancy (25). While urinary lignan concentrations may or may not adequately reflect
whole grain intake in that population, it is in line with our findings of a beneficial effect of
whole grains on fertility and points to a possible mechanism of effect.

Our data suggests that whole grain intake has a beneficial effect on endometrial thickness, a
marker of endometrial receptivity, which could be one mechanism through which whole
grain consumption leads to higher probability of implantation and live birth. There are
several biological mechanisms which could explain this beneficial effect. First, whole grains
contain many antioxidants, including vitamins, trace minerals, nonnutrients (e.g. phenolic
acids, lignans, and phytoestrogens), and antinutrients (e.g. phytic acid) which could work
synergistically to dispose, scavenge, or suppress the formation of reactive oxygen species (8,
9). A pro-oxidant status has been shown to negatively influence fertilization, early embryo
development, and implantation possibly through mechanisms involving mitochondrial
alterations, peroxidative DNA damage, protein modifications, and lipid peroxidation (26,
27). Second, whole grains, and specifically the bran layer of grains, are concentrated sources
of lignans, the principal source of dietary phytoestrogens in a typical Western diet. (28) As
phytoestrogens are known to have estrogen-like activity through their ability to bind and
antagonize the activity of estrogen receptors they could act directly on the endometrium to
enhance endometrial thickness and receptivity (29). In support of this hypothesis is a
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randomized controlled trial of high dose phytoestrogens among women undergoing
intrauterine insemination which found a positive effect of phytoestrogen supplementation on
endometrial thickness (30). Finally, whole grain intake may exert its beneficial effects
through its ability to regulate glucose and insulin metabolism (11). Hyperinsulinemia has
been shown to increase ovarian androgen production (31) and decrease serum sex hormone-
binding globulin concentrations (32). When insulin secretion is reduced by diet (33) or drugs
(34), free testosterone concentrations decline. As testosterone and SHBG have been shown
to have both direct and indirect effects on endometrial receptivity (35, 36), this could be one
mechanism through which whole grain intake is impacting clinical outcomes of IVF.
Alternatively, high levels of insulin could be directly inhibiting production of the
endometrial stromal product IGF binding protein 1 (37), a biomarker of decidualization,
which is needed for successful endometrial proliferation, development, and implantation
(38). Unfortunately, at present, all of these mechanisms remain speculative as we were
unable to assess urinary lignan concentrations or serum biomarkers of sex steroids, insulin
resistance, or antioxidant capacity in our study.

The limitations of our study are worth considering in light of our novel findings. Despite use
of a validated questionnaire, self-report of diet by FFQ is subject to measurement error. Due
to the prospective nature of our study, however, any measurement error would likely be non-
differential with respect to IVF outcomes and result in an attenuation of the observed
associations. This suggests that the relation between whole grains and IVF outcomes might
actually be stronger than that reported here. As this was an observational study, there also
remains the possibility of residual confounding by lifestyle factors that were not measured or
were poorly measured in our study. The generalizability of our results to women presenting
at infertility clinics worldwide and to women conceiving naturally is also unclear. The
median whole grain intake in our population was approximately 1.2 servings/day which is
higher than the average in the US population (0.6 servings/day (39)) but less than that
reported in a cohort of women undergoing IVF/ICSI in the Netherlands where ~40% of
women reported consuming at least 4 servings per day (23).

Despite these limitations, the strengths of our study include the prospective design and the
standardized assessment of a wide variety of participant characteristics including a
comprehensive dietary assessment which increased our ability to adjust for confounding. By
studying a fertility clinic population we were also able to utilize an efficient study design
with sufficient power to investigate dietary influences on clinically relevant, yet previously
unobservable, outcomes (e.g. endometrial thickness and implantation) in a potentially
vulnerable sub-population.

In conclusion, higher whole grain intake was related to a higher probability of live birth
among women undergoing I\VF in the US. Analysis of intermediate I\VF endpoints suggest
that the higher probability of live birth may result from increased endometrial thickness on
the day of embryo transfer and improved embryo receptivity manifested in higher
probability of implantation. These results highlight the importance of dietary influences on
fertility and suggest the need for additional research on the effects of whole grain intake on
reproductive endpoints in women conceiving naturally and through infertility treatments.

Fertil Steril. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gaskins et al.

Page 9

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Association between whole grain intake and in vitro fertilization (IVF) outcomes per
initiated cycle in 273 women (438 IVVF cycles) in the Environment and Reproductive Health
(EARTH) Study. All analyses were conducted using generalized linear mixed models with
random intercepts, binomial distribution, and logit link function. Data are presented as
marginal mean probabilities adjusted for calorie intake, age, BMI, race, dietary patterns, and
folate and alcohol intake. *indicates that the p-value for the comparison vs. Q1 was <0.05.
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Figure 2.
Predicted mean endometrial thickness with increasing whole grain intake in 255 women

(352 fresh IVF cycles with egg retrieval) from the Environment and Reproductive Health
Study. All analyses were conducted using mixed models with random intercepts, normal
distribution, and identity link function. Data are presented as marginal means adjusted for
calorie intake, age, BMI, race, dietary patterns, and folate and alcohol intake.
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