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Background: Long-chain omega-3 fatty acids and their food sources have garnered
interest as a potential nutrient with wide-range health benefits including fertility.
Objective: To investigate the association of women’s and men'’s intake of omega-3
fatty acids and omega-3 rich-foods with semen quality and outcomes of infertility
treatment with assisted reproductive technologies (ART).

Study Design: Couples presenting to the Massachusetts General Hospital (MGH) were
invited to enroll in a prospective cohort-study (2007-2020). Male and female diet was
assessed using a validated 131-item food-frequency questionnaire. Primary outcomes
were implantation, clinical pregnancy, and live birth probabilities. Secondary outcomes
included total and clinical pregnancy loss, and conventional semen parameters, for
males only. We estimated the relationship of intakes of omega-3 fatty acids, nuts and
fish intake with the probability (95%Cl) of study outcomes using Generalized Linear
Mixed Models (GLMM) to account for repeated treatment cycles per participant, while
simultaneously adjusting for age, BMI, smoking status, education, dietary patterns,
total energy intake, and male partner diet.

Results: A total of 229 couples and 410 ART cycles were analyzed for primary and
secondary outcomes; 343 men contributing 896 semen samples were included in
analyses for semen quality measures. Women’s DHA+EPA intake was positively
associated with live birth. The multivariable-adjusted probabilities of live birth (95% ClI)
for women in the bottom and top quartiles of EPA+DHA intake were 0.36 (0.26-0.48)
and 0.54 (0.42-0.66) ( P -trend=0.02). EPA+DHA intake was inversely related to the
risk of pregnancy loss, which was of 0.53 among women in the lowest quartile of
EPA+DHA intake and 0.05 among women in the highest quartile ( P -trend=0.01).
Men'’s intake of total omega-3 fatty acids was positively related to sperm count,
concentration, and motility, but unrelated to any ART outcomes. Similar associations
were observed when evaluating intake of primary food sources of these fatty acids.
Conclusions: Women's consumption of omega-3 fatty acids and omega-3 rich-foods
may improve the probability of conception by decreasing the risk of pregnancy loss. In
addition, men's intake of omega-3 fatty acids may influence semen quality.
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CONDENSATION PAGE

Condensation: Women’s consumption of omega-3 fatty acids and omega-3 rich-foods may improve

the probability of live birth in ART by decreasing the risk of pregnancy loss.

Short title: Intake of omega-3 fatty acids and ART outcomes.

AJOG at a Glance

A. Why was this study conducted?

Despite evidence suggesting that men’s and women’s intake of omega-3 fatty acids and omega-3 rich
foods (nuts and fish) may have a positive influence couples’ fertility, studies simultaneously considering

intakes of both prospective parents on fertility are scant.
B. What are the key findings?

We found that women’s consumption of omega-3 fatty acids and omega-3 rich-foods may improve the
probability of live birth by decreasing the risk of pregnancy loss. In addition, men’s intake of omega-3

fatty acids may influence semen quality.

C. What does this study add to what is already known?

To our knowledge, this is the first study to date examining the association of men’s and women’s intake
omega-3 fatty acids and their primary food sources with couples’ assisted reproductive technologies

(ART) outcomes and men’s semen quality parameters in the same cohort of participants.
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ABSTRACT

Background: Long-chain omega-3 fatty acids and their food sources have garnered interest as a

potential nutrient with wide-range health benefits including fertility.

Objective: To investigate the association of women’s and men’s intake of omega-3 fatty acids and
omega-3 rich-foods with semen quality and outcomes of infertility treatment with assisted reproductive

technologies (ART).

Study Design: Couples presenting to the Massachusetts General Hospital (MGH) were invited to enroll
in a prospective cohort-study (2007-2020). Male and female diet was assessed using a validated 131-
item food-frequency questionnaire. Primary outcomes were implantation, clinical pregnancy, and live
birth probabilities. Secondary outcomes included total and clinical pregnancy loss, and conventional
semen parameters, for males only. We estimated the relationship of intakes of omega-3 fatty acids,
nuts, and fish intake with the probability (95%CI) of study outcomes using Generalized Linear Mixed
Models (GLMM) to account for repeated treatment cycles per participant, while simultaneously adjusting

for age, BMI, smoking status, education, dietary patterns, total energy intake, and male partner diet.

Results: A total of 229 couples and 410 ART cycles were analyzed for primary and secondary
outcomes; 343 men contributing 896 semen samples were included in analyses for semen quality
measures. Women’s DHA+EPA intake was positively associated with live birth. The multivariable-
adjusted probabilities of live birth (95% CI) for women in the bottom and top quartiles of EPA+DHA
intake were 0.36 (0.26-0.48) and 0.54 (0.42-0.66) (P-trend=0.02). EPA+DHA intake was inversely
related to the risk of pregnancy loss, which was of 0.53 among women in the lowest quartile of EPA+DHA
intake and 0.05 among women in the highest quartile (P-trend=0.01). Men’s intake of total omega-3 fatty
acids was positively related to sperm count, concentration, and motility, but unrelated to any ART
outcomes. Similar associations were observed when evaluating intake of primary food sources of these

fatty acids.

Conclusions: Women'’s consumption of omega-3 fatty acids and omega-3 rich-foods may improve the
probability of conception by decreasing the risk of pregnancy loss. In addition, men’s intake of omega-

3 fatty acids may influence semen quality.
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INTRODUCTION

Omega-3 fatty acids, and their food sources such as nuts and fish, have garnered interest for their
potential influence on fertility.13 Previous studies suggest that women’s intake of omega-3 fatty acids
may be beneficial for fertility among couples without a history of infertility.* We have also reported that
women’s serum omega-3 fatty acids® and fish consumption® are positively associated with live birth
during infertility treatment with assisted reproductive technologies (ART). Previous work also suggests
that men’s dietary omega-3, as well as fish consumption or fish oil supplement use, is positively
associated with semen quality.”-19 Moreover, data from randomized clinical trials (RCT) also shows
positive effects of nuts consumption and semen quality among men in the general population.1112
However, we have previously reported no association between men’s fish intake and outcomes of

infertility treatment with ART.13

Despite evidence suggesting that men’s and women'’s intake of omega-3 fatty acids and omega-3 rich
foods may positively influence couples’ fertility, studies simultaneously considering intakes of both
prospective parents are scant. This raises questions about the extent to which associations with
women’s intake may partly reflect associations with their partner's intake given the degree of
concordance in intake of food sources of omega-3 fatty acids within couples. To our knowledge this
guestion has only been addressed by one previous study among pregnancy planners, which found that
both male and female partner intake of seafood was related to a shorter time to pregnancy.'4 No previous
study has addressed this issue in couples undergoing infertility treatment. Thus, the objectives of the
present study were to investigate the association of women’s and men’s intake of omega-3 fatty acids
and omega-3 rich foods (nuts and fish) with ART outcomes among couples undergoing assisted

reproduction, as well as men’s intake with semen quality.

MATERIALS AND METHODS

Study population

Between 2004-2020, couples presenting to the Massachusetts General Hospital (MGH) Fertility Center
for evaluation and treatment of infertility were invited to participate in the EARTH Study, a prospective

cohort study aimed at identifying environmental and nutritional determinants of fertility.1> Couples were
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eligible to participate if they were within the target age range (18-55 years for men; 18-45 years for
women) and were planning to use their own gametes for infertility treatment. Diet assessments were
introduced in 2007. The study was approved by the institutional review boards of MGH, and the Harvard

T.H. Chan School of Public Health. All participants provided informed consent for participation.

For this analysis, we selected all couples where both partners completed a diet assessment before
treatment, and the female partner completed at least one ART cycle. From the 462 couples who joined
the study since 2007, 104 were excluded because the male partner did not complete a diet assessment.
For evaluation of semen quality, 15 men were excluded because of azoospermia, leaving 896 semen
samples from 343 men available for analysis. For ART outcomes evaluation, we excluded 113 couples
because they were treated with Intrauterine Insemination (IUl) and 16 couples whose treatment had
started before diet assessment. The remaining 229 couples, who underwent 410 ART cycles, were
included in the analysis (Supplemental Figure 1). In these couples, 9 women had incomplete diet data,
which was imputed using the median values in the overall study population in order to maximize

statistical power.

Diet assessment

Diet was assessed using a validated 131-item, food frequency questionnaire (FFQ).16-18 Participants
were asked to report how often they consumed listed foods and beverages during the previous year.
Nutrient content of each item evaluated was calculated with the nutrient database of the U.S.
Department of Agriculture.1® We considered intakes of 1) long-chain omega-3 (LCN-3) (defined as the
sum of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), total omega-3 fatty acids (defined
as the sum of LCN-3 and alpha-linolenic acid (ALA)); and 2) of foods rich in omega-3 fatty acids (nuts
and fish). Total nut consumption was defined as the sum of peanuts, walnuts, and other nuts (e.g.,
almonds, hazelnuts). Total fish consumption was defined as the sum of dark, white and shellfish. In
validation studies, the correlation (95% CI) between intake of omega-3 fatty acids estimated by FFQ
and plasma levels spaced ~6 months apart was 0.62 (0.56-0.68), which is superior to the correlations
comparing plasma levels against multiple 24-hour recalls, and comparable to using 14 days of weighted
diet records.!® The Prudent and the Western dietary patterns were identified using principal component

analysis as described elsewhere.?? Higher scores indicated higher adherence to the respective pattern.

Clinical management and outcomes assessment
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At enrollment, weight and height were measured. Participants completed a detailed questionnaire with

information on family, medical and reproductive, and occupational history, and lifestyle factors.

Women underwent one of three stimulation protocols as clinically indicated: antagonist, flare or luteal
phase agonist. Primary outcomes of this study were implantation, clinical pregnancy, and live birth.
Clinicians evaluated fertilization status on day 1 after fertilization based on the presence of two pronuclei
(2PN). Embryo transfer was performed following stimulation and retrieval or following thawing of
cryopreserved embryos.'® Implantation was assessed 14-15 days after embryo transfer and defined as
a serum B-hCG >6 mlU/mL. Clinical pregnancy was defined as the presence of an intrauterine
gestational sac confirmed by ultrasound at ~6 weeks of gestation. Live birth was defined as the birth of
a neonate at or after 24 weeks of gestation. Secondary outcomes included total pregnancy loss, defined
as a positive B-hCG that did not result in live birth, and clinical pregnancy, defined as a clinical pregnancy
that did not result in live birth. For men, secondary outcomes also included conventional semen
parameters: ejaculate volume, sperm count and concentration, total and progressive motility, and
morphology. Semen was collected by masturbation following a recommended 48-h period of sexual
abstinence. Some men provided multiple semen samples. Semen parameters were assessed based on
2010 WHO manual guideline after 30-min liquefaction by computer-assisted semen analysis (CASA)

system (HTM-IVOS, USA).21-23

Statistical analyses

Participants were categorized into quartiles of total omega-3, total nuts and total fish intake. Baseline
participant’s characteristics were presented as median (interquartile range) or n (%) and differences
were compared across quartiles of total omega-3 intake using Kruskal-Wallis test for continuous
variables and Chi-square or Fisher exact test for categorical variables. Spearman correlations were
used to describe within-couple similarities in intakes of omega-3 fatty acids, nuts, and fish. For primary
study outcomes (implantation, clinical pregnancy and live birth), all women who started a cycle were
included in the analysis. For secondary outcomes, total pregnancy loss and clinical pregnancy loss, only
women who achieved either a biochemical or clinical pregnancy, respectively, were included in the
analysis. We estimated the probability and 95% confidence interval (95% CI) for ART outcomes by fitting
multivariable generalized linear mixed models with binomial (implantation, clinical pregnancy, live birth,

and total and clinical pregnancy loss) distribution and random intercepts to account for repeated cycles.
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We estimated the marginal means (95% CI) for semen parameters by fitting multivariable linear mixed
models (GLMM) with repeated intercepts to account for repeated semen samples. Tests for linear trend
were performed by modeling intake as a continuous variable where each man/woman was assigned the

median intake of each category.

Our primary analysis focused on absolute intakes using the standard multivariable method to adjust for
total energy intake.?* To evaluate the robustness of our findings, we conducted sensitivity analyses
using the nutrient residual method and the multivariable energy density method to adjust for total energy
intake.?* Confounding factors were evaluated using previous knowledge on biological relevance and
descriptive statistics from our cohort (Table 1). Fully adjusted models for men’s omega-3 associations
included terms for male age (years), BMI (kg/m?), energy intake (kcal/d), education (high school or less,
college or higher), Prudent and Western patterns and female omega-3 intake. Fully adjusted models for
women’s omega-3 associations included terms for female age, BMI, energy intake, smoking status
(never or ever), education, Prudent and Western patterns and male omega-3 intake. Fully adjusted
models for men’s nuts and fish associations included terms for male age and BMI, male energy intake,
male education, male Prudent and Western patterns, female total fish intake (for nuts models) or female
total nuts intake (for fish models). Fully adjusted models for women’s nuts and fish associations included
terms for female age and BMI, female energy intake, female smoking status, female education, female
Prudent and Western patterns, male total fish intake (for nuts models) or male total nuts intake (for fish
models). The final adjusted multivariable models for semen quality parameters included age and BMI,
energy intake, physical activity (min/week), race (white or other), smoking status, and sexual abstinence
time (days). Of note, we adjusted for physical activity in models for semen quality but not in models for
ART outcomes because we have previously reported that men’s physical activity is related to semen
quality in this and other cohorts 25-27, but men’s and women’s physical activity are unrelated to ART
outcomes in this cohort.2528 To test the robustness of our findings to missing data assumptions of GLMM
models and imputation of missing diet data, we repeated our analyses using cluster-weighed
generalized estimating equation (CW-GEE) models and excluding women with incomplete diet data.

Statistical analyses were performed using SAS version 9.4 (SAS Institute, USA).

RESULTS
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Median (interquartile range; IQR) age and BMI were 36.0 (33.6, 39.3) years and 27.0 (24.3, 28.9) kg/m?
for men; and 35.0 (32.0, 38.0) years and 23.0 (21.0, 25.7) kg/m? for women. Total omega-3 intake was
very similar in men (1.9% of energy) and women (1.8% of energy), with a median (range) intake of 3.84
g/day (1.06 to 9.49) and 3.46 g/day (1.27 to 8.23), respectively (Table 1). The median (IQR) intake of
omega-3 fatty acids from supplements was 0 g/d (0, 0.2) in both men and women. The within-couple
Spearman correlation for intakes of omega-3 fatty acids, nuts intake and fish intake were rho=0.39,
rho=0.31 and rho=0.38, respectively. Baseline demographic, nutritional and reproductive characteristics
of study participants, according to men’s and women’s total nut and total fish intake are shown in

Supplemental Tables 1-4.

Women’s DHA+EPA and total fish intakes were positively associated with the probability of live birth
(Table 2). The multivariable-adjusted probability (95%CI) of live birth for women in the lowest and
highest quartile of DHA+EPA and total fish intake were 0.36 (0.26, 0.48) and 0.54 (0.42, 0.66); P-
trend=0.02, and 0.36 (0.26, 0.48) and 0.54 (0.41, 0.66); P-trend=0.04, respectively. When specific types
of fish were examined, the association was strongest for intake of shellfish (Supplemental Table 5).
Women’s intake of total omega-3, ALA, total nuts (Table 2), and specific types of nuts (Supplemental
Table 5), were unrelated to implantation, clinical pregnancy and live birth probabilities. Men’s intakes of
total omega-3, DHA+EPA, ALA, nuts and fish (Table 3), as well as intakes of specific nuts (peanuts,
walnuts, and other nuts) and fish (dark fish, white fish, and shellfish) (Supplemental Table 6), were

unrelated to the probabilities of implantation, clinical pregnancy or live birth.

Women’s and men’s intake of omega-3 fatty acids, fish or nuts, overall and in sub-categories, was not
related to total pregnancy loss (Supplemental Table 7). Nevertheless, women’s intake of EPA+DHA
was inversely associated to risk of total pregnancy loss (Supplemental Table 7). When analyses were
restricted to clinical pregnancies, there was a significant inverse association between women’s
DHA+EPA intake and clinical pregnancy loss (Figure 1). The predicted marginal probabilities (95%CI)
for clinical pregnancy loss were 0.36 (0.11, 0.71) for women in the lowest quartile of EPA+DHA intake
and 0.01 (0, 0.11) for women in the highest quartile of intake (P-trend=0.008). A similar pattern was

observed for men’s intake of EPA+DHA (P-trend=0.06) (Figure 2).

The associations of women’s (Supplemental Table 8) and men’s (Supplemental Table 9) intake of

omega-3, DHA+EPA and ALA with ART outcomes and pregnancy loss were nearly identical to the
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primary analysis when adjusting for total energy intake using the nutrient residual or the nutrient density
method (Supplemental Tables 8-9). Similarly, the associations of women’s intake with live birth, total
pregnancy loss and clinical pregnancy loss, were nearly identical when using CW-GEE models to
account for repeated treatment cycles (Supplemental Table 10) and excluding the women with

incomplete diet data (Supplemental Table 11).

Last, we evaluated the relation of omega-3 intake and omega-3 rich foods consumption with semen
quality (Supplemental Figure 1). Overall, we found no associations between omega-3 rich foods
consumption and semen parameters except for a positive association between greater intake of walnuts
and total sperm count (Supplemental Table 12). We also found positive associations of greater intake
of total omega-3 fatty acids with total sperm count, sperm concentration, total sperm motility and
progressive sperm motility (Supplemental Table 12). Similarly, men’s ALA intake was positively

associated with total sperm count and sperm concentration (Supplemental Table 12).

COMMENT

Principal findings

In this large prospective cohort of couples undergoing infertility treatment, we found that women’s
DHA+EPA intake was related to a higher probability of achieving a live birth with ART. This association
appeared to be the result of a lower probability of pregnancy loss. We also observed a suggestion of an
inverse association between men’s intake of DHA+EPA with risk of clinical pregnhancy loss. Moreover,
we found that men’s intake of omega-3 fatty acids, and particularly of ALA, was positively associated

with sperm count and concentration.
Results in context

The literature about the relation of women’s omega-3 intake and omega-3 rich foods consumption with
fertility outcomes is scarce and contradictory (Supplemental Table 13). In agreement with our findings,
we previously reported® in a sample of 100 women from the EARTH cohort that serum omega-3,
measured between Day 3 and 9 of stimulated cycles, was positively associated with the probability of
achieving a live birth during the course of infertility treatment with ART. We also previously reported that

pre-conception fish consumption was positively associated with the probability of live birth during ART.®
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In neither of our previous reports we simultaneously accounted for intake of omega-3 PUFAs or their
food sources in the male partner nor evaluated the relation of their intake with the risk of pregnancy loss.
Although in our study we described that omega-3 intake is associated with higher live birth and clinical
pregnancy loss rates, Stanhiset et al., recently found no associations between serum concentrations of
omega-3 and omega-6 fatty acids and the probability of conceiving, miscarriage, or ovarian reserve

number, among couples attempting natural pregnancy.?®

Multiple mechanisms may play a central role in this regard. Animal in-vivo studies suggest that lifelong
consumption of a diet rich in omega-3 PUFAs prolongs murine reproductive function and improves
oocyte quality.30 In this regard, our study pointed out to the long chain omega-3 PUFAs (EPA and DHA)
as the major players in fertility in comparison with the short-chain omega-3 types (e.g., ALA). Recently,
one interventional animal study using deficient mouse mutant lacking FADS2, an enzyme with key
activity in the biosynthesis of omega-3 and omega-6 PUFAs, demonstrated the existence of a
membrane structure-based molecular link between nutrient omega-3 and omega-6 PUFAs, gonadal
membrane structures, and female and male fertility.3! Other studies described that trans fatty acids may
promote greater insulin resistance, and therefore adversely affect ovulatory function.3232 Although our
study is an updated analysis from two previous papers we provide additional insights on the inverse
association between DHA+EPA intake and clinical and total preghancy loss outcomes. Our study also
shows that residual confounding by men’s diet on the relation between women’s omega-3 intake and

ART outcomes is not of major concern.

The present results are significant in another major respect. This study shows a possible benefit of
men’s omega-3 intakes on conventional semen parameters. Although there is an overall consistency of
the literature showing positive associations with seminogram, some inconsistencies across studies
should be noted. While some studies showed more benefits for nuts consumption (or ALA intake) some
others displayed more benefits for fish consumption (or EPA/DHA intake). These inconsistencies can
be explained understanding the major pathways of PUFA metabolism reflecting different activity of the
metabolic pathway because of different baseline intake of EPA/DHA across populations.® In agreement
with our findings, omega-3 intake was previously positively associated with sperm morphology’ and
lower asthenozoospermia odds® comparing infertile men vs. age-matched controls. Interestingly, our

data are in agreement with two RCT assessing the effects of mixed nuts (walnuts, almonds and
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hazelnuts)!! or isolated walnuts!? on semen quality which described that dietary intervention with nuts
improves several seminogram parameters including sperm count, vitality, motility, and morphology. Nuts
are nutrient-dense foods rich in unsaturated fatty acids and, specifically, walnuts are rich in ALA34,
Regarding omega-3 rich foods, contrary to our results, Afeiche et al.® reported that consuming fish
instead of meat is related to better semen quality indicators (e.g. sperm counts and morphology). Here
we found instead a positive association between walnuts consumption and total sperm count.
Interestingly, in a large healthy young men cohort'®, Jensen et al., found positive associations between
fish oils supplements and semen volume, sperm count and testicular size, and observed negative ones
with FSH and LH levels. In general, the present study found no associations between men’s fish or nuts

consumption and ART outcomes, in agreement with an earlier report from our group.3

Clinical implications

It is worth mentioning that the positive associations that we observed for semen quality did not translate
into ART outcomes. This is not the first report suggesting these kinds of associations. In fact previous
work from our group also suggested that data-derived dietary patterns (a-posteriori dietary patterns)
were associated with semen quality (e.g., sperm concentration) but unrelated to the probability of
successful ART outcomes.3® This previous report is in line with our results suggesting that, in infertile
couples treated with ART, men’s diet although can influence sperm quality parameters, are unlikely to
cause a significant impact to ART main outcomes. Another interesting point to mention is the suggestion
of the inverse relation with clinical losses for men’s EPA+DHA intake. This is consistent with a previous
prospective cohort study finding.'* Gaskins et al. showed that, among couples attempting natural
pregnancy, higher male (but also female) total fish intake is associated with a shorter time to
pregnancy!4, suggesting a male association independent of female. However, additional studies with
larger sample size, including randomized trials testing the effect of interventions designed based on

findings from observational studies like this one, are needed to draw firm conclusions on this issue.
Strengths/limitations

Our study has some limitations. First, we only assessed diet at baseline and therefore we did not
document changes in diet over the study period. Second, very few participants consumed fish or nuts
more than once daily. Nevertheless, intake of these foods was comparable to that in the US general

population,3:37 suggesting this limitation may not hamper generalizability. Another limitation is the
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observational nature of the study, which limits our ability to interpret the observed associations as causal
despite statistical adjustment for a large number of known and potential confounders. Last, the study
population comprised couples undergoing infertility treatment and therefore our results may not be
generalizable to couples attempting conception without medical assistance. Nevertheless, the study
population closely resembles the demographic characteristics of couples undergoing infertility treatment
in the United States suggesting that generalizability to couples undergoing infertility treatment may be
valid. The principal strength of the study is its prospective design, limiting the possibility or reserve
causation, and the use of a previously validated FFQ. Additional strengths include complete follow-up
of clinical ART outcomes, and a standardized assessment of a wide variety of participant personal,

anthropometric, medical, and lifestyle factors.
Conclusions

Results from this observational study suggest that women’s intake of long-chain omega-3 fatty acids
may improve couple’s fertility among couples attempting conception with medical assistance, providing
additional evidence that diet may be an important modulator of human fertility.383® Moreover, these
findings provide additional evidence that men’s diet may influence semen quality parameters, but that

this association does not imply improved fertility in the setting of ART.
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TABLES

Table 1. Baseline demographic, nutritional and reproductive characteristics of study participants, overall and in lowest and highest quartiles of men’s and

women'’s total omega-3 intake.

Men’s total omega-3 intake (g/day) P-value Women'’s total omega-3 intake (g/day) P-value
Overall Q1 (1.06-3.12) Q4 (4.77-9.49) Q1 (1.27-2.64) Q4 (4.45-8.23)
n 229 57 57 57 57

Male demographic characteristics
Age (y) 36.0(33.6,39.3) 36.0(33.6,38.8) 37.2(34.4,40.5) 0.39 36.0 (32.9, 38.5) 36.6 (33.7, 40.4) 0.40
BMI (kg/m?) 27.0(24.3,28.9) 27.8(25.4,29.7) 27.8(25.7,29.5) 0.03 27.0 (24.3,29.1)  27.0 (24.1, 29.3) 0.89
Race, white 211 (92) 51 (22) 54 (24) 0.76 51 (22) 53 (23) 0.82
Smoking status, ever smoker 44 (19) 12 (5) 13 (6) 0.76 7(3) 12 (5) 0.43
Education, college or higher 199 (87) 48 (21) 47 (21) 0.34 52 (23) 49 (21) 0.73
Moderate-to-vigorous physical activity (min/week) 180.0 (60.0, 390.0) 161.5 (44.0, 329.5) 296.0 (118.5, 390.0) 0.28 150.0 (41.5, 341.0) 239.0 (112.5, 390.0) 0.34
Sexual abstinence (days) 2.4 (2.4,2.5) 2.4 (1.8, 3.4) 2.5(2.0, 3.4) 0.77 2.4 (2.4,2.5) 2.4 (2.4, 2.6) 0.55

Male dietary parameters
Energy intake (kcal/day) 1937 (1592, 2414) 1402 (1152, 1664) 2623 (2165, 2991) <0.001 1741 (1468, 2191) 2144 (1731, 2534) <0.001
Prudent pattern score -0.1 (-0.6, 0.6) -0.6 (-1.0, -0.3) 0.7 (-0.1, 1.8) <0.001 -0.5 (-0.8, 0.5) 0.0 (-0.5, 0.9) 0.04
Western pattern score -0.2 (-0.7, 0.5) -0.7 (-1.1, -0.4) 0.7 (-0.3,1.2) <0.001 -0.6 (-1.1, 0.0) 0.1 (-0.5, 1.0) <0.001
Total omega-3 3.8(3.2,4.8) 2.7(2.2,2.9) 5.6 (5.2, 6.8) <0.001 2.9(2.3,3.7) 4.0 (3.5, 4.8) <0.001

Female demographic characteristics
Age (y) 35.0(32.0,38.0) 35.0(31.0,38.0) 35.0(33.0,38.0) 0.74 35.0 (32.0, 37.0) 35.0 (32.0, 37.0) 0.28
BMI (kg/m?) 23.0(21.0,25.7) 23.5(20.8,25.7) 22.7 (20.9, 25.0) 0.39 22.6 (20.8, 24.2) 23.8 (21.6, 27.9) 0.28
Race, white 194 (85) 45 (20) 47 (21) 0.37 46 (20) 49 (21) 0.81
Smoking status, ever smoker 59 (26) 11 (5) 19 (8) 0.15 12 (5) 14 (6) 0.57
Education, college or higher 214 (94) 54 (24) 53 (23) 0.84 52 (23) 55 (24) 0.47
Moderate-to-vigorous physical activity (min/week) 149.0 (29.5, 298.5) 114.0 (12.0, 210.0) 150.0 (29.5, 332.5) 0.03 113.5(12.0, 210.0) 191.5 (60.0, 392.5) 0.02



Female dietary parameters

Energy intake (kcal/day) 1675 (1319, 2004) 1492 (1148, 1694) 1796 (1683, 2142) <0.001 1148 (994, 1369) 2158 (1841, 2514) <0.001
Prudent pattern score -0.3(-0.7,0.3) -0.4 (-0.8,0.2) 0.0 (-0.5,0.4) 0.02 -0.7 (-1.0, -0.4) 0.4 (-0.1,0.8) <0.001
Western pattern score -0.2 (-0.7, 0.5) -0.4 (-0.9, 0.0) 0.2 (-0.4,1.0) <0.001 -0.8 (-1.0, -0.6) 0.3(-0.2,1.1) <0.001
Total omega-3 3.5(2.7,4.4) 3.5(2.7,3.8) 4.5 (3.8,5.9) <0.001 2.1(1.7,2.4) 5.0 (4.8,5.8) <0.001
Baseline cycle characteristics
Infertility diagnosis 0.29 0.91
Female factor 79 (35) 21 (9) 17 (7) 18 (8) 18 (8)
Male factor 87 (38) 25(11) 18 (8) 23 (10) 21 (9)
Unexplained 63 (28) 11 (5) 22 (10) 16 (7) 18 (8)
Treatment protocol 0.62 0.96
Antagonist 32 (14) 10 (4) 7(3) 10 (4) 8(4)
Flare 19 (8) 7(3) 4(2) 5(2) 4(2)
Luteal phase agonist 160 (70) 37 (16) 41 (18) 37 (16) 41 (18)
Egg donor or cryo cycle 18 (8) 3(1) 5(2) 5(2) 4(2)
Embryo transfer day 0.22 0.21
Day 2 10 (5) 2(1) 5(@3) 3(2) 1(1)
Day 3 80 (42) 22 (12) 19 (10) 12 (6) 28 (15)
Day 5 101 (53) 26 (14) 23 (12) 29 (15) 22 (12)
Number of embryos transferred 0.40 0.75
One embryo 66 (35) 19 (10) 11 (6) 16 (8) 19 (10)
Two embryos 97 (51) 23 (12) 31 (16) 23 (12) 22 (12)
Three or more embryos 27 (14) 7(4) 5(3) 5(3) 9(5)

Data are presented as median (interquartile range) for continuous variables or n (%) for categorical variables. Analyses were run using Kruskal-Wallis test for continuous variables and Fisher’s exact
test for categorical variables and Chi-square test was used for evaluating differences across categories of primary infertility diagnosis, initial stimulation protocol, embryo transfer day and number of

embryos transferred.

Abbreviations: BMI, body mass index; n, sample size.



Table 2. Association between women'’s total omega-3, DHA+EPA, ALA, total nuts and total fish intake and probabilities of implantation, clinical pregnancy, and

live birth following ART in couples from the EARTH study. !

Number of women (n=229)/cycles (n=408)

Implantation probability

Clinical pregnancy probability

Live birth probability

Total omega-3 3

Q1
Q2
Q3
Q4
P-trend

57/99
49/85
66/128
57/96

0.53 (0.40, 0.67)

0.54 (0.41, 0.65)

0.52 (0.42, 0.62)

0.58 (0.43, 0.71)
0.77

0.50 (0.37, 0.64)

0.48 (0.36, 0.60)

0.48 (0.38, 0.58)

0.53 (0.39, 0.67)
0.81

0.34 (0.22, 0.48)

0.36 (0.26, 0.49)

0.36 (0.27, 0.46)

0.52 (0.37, 0.66)
0.19

DHA+EPA

Q1
Q2
Q3
Q4
P-trend

56/96
65/125
50/95
58/92

0.58 (0.46, 0.69)

0.51 (0.41, 0.60)

0.50 (0.39, 0.62)

0.58 (0.46, 0.69)
0.88

0.54 (0.43, 0.65)

0.46 (0.37, 0.56)

0.46 (0.35, 0.57)

0.54 (0.42, 0.65)
0.87

0.36 (0.26, 0.48)

0.33 (0.24, 0.43)

0.36 (0.25, 0.48)

0.54 (0.42, 0.66) 2
0.02

ALA

Q1
Q2
Q3
Q4
P-trend

57/104
49/68
66/138
57/98

0.49 (0.36, 0.63)

0.61 (0.47, 0.73)

0.48 (0.39, 0.57)

0.62 (0.47, 0.75)
0.50

0.46 (0.33, 0.60)

0.54 (0.41, 0.67)

0.44 (0.35, 0.53)

0.58 (0.43, 0.71)
0.54

0.32 (0.20, 0.45)

0.45 (0.32, 0.58)

0.30 (0.22, 0.40)

0.54 (0.39, 0.69)
0.21

Total nuts *

Q1
Q2
Q3
Q4
P-trend

56/98
67/127
49/82
57/101

0.50 (0.38, 0.61)

0.57 (0.47, 0.66)

0.55 (0.43, 0.67)

0.53 (0.41, 0.65)
0.93

0.47 (0.36, 0.58)

0.52 (0.42, 0.61)

0.50 (0.38, 0.62)

0.49 (0.38, 0.61)
0.93

0.38 (0.27, 0.50)

0.39 (0.30, 0.50)

0.41 (0.30, 0.54)

0.39 (0.28, 0.51)
0.92

Total fish ®

Q1
Q2
Q3
Q4
P-trend

58/99
67/132
48/85
56/92

0.55 (0.43, 0.66)

0.49 (0.39, 0.59)

0.54 (0.42, 0.66)

0.60 (0.48, 0.71)
0.52

0.52 (0.41, 0.63)

0.42 (0.33, 0.51)

0.48 (0.37, 0.60)

0.58 (0.46, 0.69)
0.48

0.36 (0.26, 0.48)

0.31 (0.23, 0.40)

0.38 (0.27, 0.50)

0.54 (0.41, 0.66) 2
0.04




Data are presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution,

and logit link.

L Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and Western patterns, male total omega-3 intake (for omega-3 models)
male total fish intake (for nuts models) or male total nuts intake (for fish models). 2P<0.05 for comparison of specific quartile versus quartile 1 (reference). ® Total omega-3 included ALA, DHA and EPA.

4 Total nuts included peanuts, walnuts, and other nuts. ® Total fish included dark fish, white fish, and shellfish.

Abbreviations: ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample size; Q, quatrtile.



Table 3. Association between men’s total omega-3, DHA+EPA, ALA, total nuts and total fish intake and probabilities of implantation, clinical pregnancy, and live

birth following ART in couples from the EARTH study. !

Number of women (n=229)/cycles (n=410)

Implantation probability

Clinical pregnancy probability

Live birth probability

Total omega-3 ¢

Q1
Q2
Q3
Q4
P-trend

57/96
57/94
58/108
57/112

0.47 (0.34, 0.61)

0.60 (0.48, 0.70)

0.51 (0.40, 0.61)

0.59 (0.46, 0.72)
0.42

0.47 (0.34, 0.60)

0.58 (0.47, 0.69)

0.46 (0.35, 0.56)

0.48 (0.36, 0.61)
0.84

0.36 (0.24, 0.50)

0.45 (0.33, 0.57)

0.37 (0.27, 0.48)

0.39 (0.26, 0.53)
0.99

DHA+EPA

Q1
Q2
Q3
Q4
P-trend

62/111
53/97
57/107
57/95

0.52 (0.41, 0.62)

0.54 (0.43, 0.65)

0.46 (0.36, 0.57)

0.66 (0.54, 0.76)
0.08

0.48 (0.37, 0.59)

0.52 (0.41, 0.63)

0.43 (0.33, 0.53)

0.58 (0.46, 0.69)
0.28

0.36 (0.26, 0.48)

0.39 (0.28, 0.51)

0.32 (0.23, 0.43)

0.48 (0.36, 0.60)
0.19

ALA

Q1
Q2
Q3
Q4
P-trend

57197
57/94
59/111
56/108

0.44 (0.31, 0.58)

0.58 (0.46, 0.69)

0.54 (0.43, 0.64)

0.61 (0.47, 0.74)
0.22

0.42 (0.30, 0.56)

0.56 (0.44, 0.67)

0.49 (0.39, 0.59)

0.52 (0.38, 0.65)
0.56

0.33 (0.22, 0.48)

0.42 (0.31, 0.55)

0.39 (0.29, 0.50)

0.41 (0.27, 0.56)
0.61

Total nuts ¢

Q1
Q2
Q3
Q4
P-trend

60/108
53/93
58/108
58/101

0.45 (0.34, 0.57)

0.60 (0.49, 0.71)

0.56 (0.45, 0.66)

0.56 (0.44, 0.67)
0.56

0.43 (0.32, 0.54)

0.52 (0.41, 0.63)

0.52 (0.41, 0.62)

0.51 (0.40, 0.63)
0.55

0.34 (0.24, 0.46)

0.42 (0.31, 0.54)

0.37 (0.27, 0.49)

0.42 (0.31, 0.54)
0.57

Total fish ©

Q1
Q2
Q3
Q4
P-trend

57/106
62/108
50/88
60/108

0.48 (0.37, 0.60)

0.58 (0.47, 0.68)

0.52 (0.40, 0.63)

0.58 (0.46, 0.69)
0.37

0.45 (0.34, 0.56)

0.53 (0.42, 0.63)

0.47 (0.35, 0.59)

0.53 (0.42, 0.64)
0.43

0.35 (0.25, 0.47)

0.40 (0.30, 0.51)

0.38 (0.27, 0.51)

0.39 (0.28, 0.51)
0.67




Data are presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution,

and logit link.

L Fully adjusted model: Male age and BMI, male energy intake, male education, male Prudent and Western patterns, female omega-3 intake (for omega-3 models) or female total fish intake (for nuts
models) or female total nuts intake (for fish models). ® P<0.05 for comparison of specific quartile versus quartile 1 (reference). © Total omega-3 included ALA, DHA and EPA. ¢ Total nuts included

peanuts, walnuts, and other nuts. © Total fish included dark fish, white fish, and shellfish.

Abbreviations: ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample size; Q, quatrtile.



FIGURES LEGENDS

Figure 1. Association between women'’s total omega-3, DHA+EPA, and ALA intake and probability of

clinical pregnancy loss following ART in couples from the EARTH study. !

Data are presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear

mixed models (proc glimmix) with random intercepts, binary distribution, and logit link.

! Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent

and Western patterns, male total omega-3 intake.

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH,

Environment and Reproductive Health; EPA, eicosapentaenoic acid; Q, quatrtile.

Figure 2. Association between men’s total omega-3, DHA+EPA, and ALA intake and probability of

clinical pregnancy loss following ART in couples from the EARTH study. !

Data are presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear

mixed models (proc glimmix) with random intercepts, binary distribution, and logit link.

! Fully adjusted model: Male age and BMI, male energy intake, male education, male Prudent and Western patterns, female

omega-3 intake.

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH,

Environment and Reproductive Health; EPA, eicosapentaenoic acid; Q, quartile.
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Supplementary Material

Supplemental Figure 1. Flow Chart of the participants analyzed in the present study, from the EARTH cohort.

‘ 462 couplesenrolled between 2007 to 2020

Male partner did not complete a diet
assessment (n=104)

L.

‘ 358 couples (791 ART cycles)

\ I Azoospermic men (n=15)

—'| Couples treated with |UI (n=113) | Sample for the analysis of semen quality outcomes
3 343 men from couples underwent IUI, IVF or
‘ 245 couples (438 ART cycles) ICSI (n=896 semen samples)

Couples where men had already started an
ART cycle before diet assessment (n=16)

Sample for the analysis of ART outcomes
229 couples who underwent IVF or ICSI (n=410
ART cycles)

Abbreviations: ART; assisted reproductive technologies; EARTH, Environment and Reproductive Health; ICSI, intracytoplasmic sperm injection; 1Ul, Intrauterine Insemination; IVF, in-vitro fertilization;

n, sample size.



Supplemental Table 1. Baseline demographic, nutritional and reproductive characteristics of study participants, overall and in lowest and highest quartiles of

women'’s total nut intake.

Women'’s total nut intake (servings/day) P-value
Overall
Q1 (0-0.17) Q2 (0.18-0.37) Q3 (038-0.67) Q4 (0.68-4.50)
n 229 56 67 49 57
Female demographic characteristics
Age (y) 35.0 (32.0, 38.0) 35.0 (32.0, 37.0) 35.0 (32.0, 39.0) 34.0 (32.0, 37.0) 36.0 (32.6, 40.3) 0.60
BMI (kg/m?) 23.0 (21.0, 25.7) 22.9(20.9, 25.0) 26.9 (25.1, 28.0) 23.1(21.1, 24.7) 23.8(21.5, 28.0) 0.37
Race, white 194 (85) 45 (20) 58 (25) 40 (18) 51 (22) 0.50
Smoking status, ever smoker 59 (26) 16 (7) 20 (9) 3(1) 20 (9) 0.004
Education, college or higher 214 (94) 51 (22) 62 (27) 47 (21) 54 (24) 0.74
Moderate-to-vigorous physical activity (min/week) 149.0 (29.5, 298.5) 134.8 (9.8, 321.8) 114.0 (0.0, 240.0) 131.0 (59.0,299.5)  174.0 (59.0, 300.0) 0.28
Female dietary parameters

Energy intake (kcal/day) 1675 (1319, 2004) 1348 (1047,1695) 1675 (1354,1823) 1579 (1334,2076) 1962 (1647, 2264) <0.001
Prudent pattern score -0.3(-0.7,0.3) -0.5(-1.0,0.1) -0.3(-0.6, 0.1) -0.3(-0.7,0.2) 0.1 (-0.5, 0.5) 0.003
Western pattern score -0.2 (-0.7,0.3) -0.4(-0.9,0.1) -0.2(-0.3,0.3) -0.2(-0.7,0.4) -0.1(-0.4,0.4) 0.003
Total Folate; supplements and fortified foods (ug/day) 10111297;775)1'3’ 934.1 (606.5, 1162.4) 1011.9 (851.0, 1209.5) 109&%;.745)1.3, 112%%&5.332)7.3, 0.03
(Tlgzgg'a‘e; without vitamin pills, includes fortified foods ) 4 314 4 518.9) 316.1 (230.0,387.1) 404.4 (375.0,503.6) 422.4 (300.6, 620.5) 467.9 (363.5, 553.6) <0.001
Natural Food Folate (ug/day) 274.0 (207.0, 356.0) 210.5 (156.5, 286.0) 274.0 (250.0, 317.0)  266.0 (207.0, 353.0) 347.0 (264.0, 405.0) <0.001
Folic Acid; supplements and fortified foods (ug/day) 720.0 (492.0, 934.0) 588.5 (429.5, 902.0) 720.0 (525.0, 955.0) 845.0 (470.0, 955.0) 682.0 (538.0, 924.0) 0.32
Folate Equivalents; includes supplements and fortified 1468.0 (1023.0, 1192.5 (458.0, 1468.0 (1120.0, 1868.0 (1181.0, 1599.0 (1148.0, 0.08
foods (ug/day) 2125.0) 2046.5) 2118.0) 2263.0) 2183.0)
Linoleic (g/day) 9.60 (7.80, 11.90) 6.46 (5.19, 8.76) 9.62 (8.55, 10.45) 9.39(7.83,11.59)  13.98 (11.00, 16.38) <0.001
Omega 3; no alpha-linolenic acid (g/day) 35(2.7,4.4) 2.7 (2.2,3.5) 35(2.7,4.4) 35(2.8,4.2) 4.3(3.4,5.0) <0.001
Linolenic fatty acid (g/day) 1.10 (0.80, 1.40) 0.78 (0.61, 1.05) 1.09 (1.04, 1.27) 1.04 (0.79, 1.28) 1.50 (1.06, 2.16) <0.001
Alpha linolenic fatty acid (g/day) 3.2(2.4,4.0) 2.4(2.0,3.3) 3.2(2.6,4.0) 3.2(2.5,3.8) 3.9(3.2,4.6) <0.001

Baseline cycle characteristics

Infertility diagnosis 0.68



Female factor
Male factor
Unexplained
Treatment protocol
Antagonist
Flare
Luteal phase agonist
Egg donor or cryo cycle
Embryo transfer day
Day 2
Day 3
Day 5
Number of embryos transferred
One embryo
Two embryos

Three or more embryos

Male demographic characteristics

Age (y)

BMI (kg/m?)

Race, white

Smoking status, ever smoker

Education, college or higher

Moderate-to-vigorous physical activity (min/week)

Sexual abstinence (days)

Female dietary parameters

Energy intake (kcal/day)
Prudent pattern score
Western pattern score

Total nut intake (servings/day)

79 (35)
87 (38)
63 (28)

32 (14)
19 (8)
160 (70)
18 (8)

10 (5)
80 (42)
101 (53)

65 (34)
98 (52)
27 (14)

36.0 (33.6, 39.3)
27.0 (24.3, 28.9)
211 (92)

44 (19)

199 (87)

180.0 (60.0, 390.0)

2.4 (2.4,2.5)

1937 (1592, 2414)
-0.1(-0.6, 0.6)
-0.2 (0.7, 0.5)

0.4(02,0.7)

20 (9)
24 (11)
12 (5)

8(4)
5(2)
39 (17)
4(2)

3(2)
17 (9)
24 (13)

17 (9)
20 (11)
6 (3)

36.1 (33.3, 39.3)
27.0 (24.3, 29.0)
48 (21)

16 (7)

50 (22)
180.0 (56.8, 410.8)
2.4(1.8,2.6)

1768 (1565, 2086)
-0.3(-0.6, 0.1)
-0.4 (-1.1, 0.1)

0.2 (0.1, 0.5)

25 (11)
22 (10)
20 (9)

6 (3)
6(3)
47 (21)
8(4)

1(1)
22 (12)
28 (15)

14 (7)
28 (15)
9 (5)

36.8 (34.1, 40.0)
26.9 (25.1, 28.0)
64 (28)

6 (3)

57 (25)
210.0 (72.0, 390.0)
2.4(2.4,2.5)

2118 (1668, 2694)
0(-0.5,0.7)
-0.2(-0.7, 0.8)
0.4(0.1,0.9)

13 (6)
19 (8)
17 (7)

7(3)
2(1)
36 (16)
4(2)

1)
15 (8)
28 (15)

15 (7.9)
24 (12.6)
5 (2.6)

36.0 (33.7, 37.9)
26.9 (24.1, 28.7)
44 (19)

8(4)

41 (18)
182.0 (89.5, 392.0)
2.4(2.0,2.4)

1898 (1496, 2250)
-0.2 (-0.7, 0.3)
-0.3(-0.7,0.2)

0.4 (0.2, 1.0)

21 (9)
22 (10)
14 (6)

11 (5)
6(3)
38 (17)
2(1)

5(3)
26 (14)
21 (11)

19 (10)
26 (14)
7(4)

36.0 (32.6, 40.3)
27.4 (24.0, 31.5)
55 (24)

14 (6)

51 (22)
150.0 (29.5, 372.0)
2.4(2.4,2.8)

2052 (1684, 2470)
0.1(-0.5, 0.8)
0(-0.6,0.7)
0.9 (0.2, 1.3)

0.65

0.44
0.52
0.11
0.03
0.74
0.67
0.03

0.01

0.12

0.02
<0.001




Analyses were run using Kruskal-Wallis test for continuous variables and Fisher’'s exact test for categorical variables and Chi-square test was used for evaluating differences across categories of

primary infertility diagnosis, initial stimulation protocol, embryo transfer day and number of embryos transferred.

Abbreviations: BMI, body mass index; n, sample size.



Supplemental Table 2. Baseline demographic, nutritional and reproductive characteristics of study participants, overall and in lowest and highest quartiles of

women'’s total fish intake.

Baseline cycle characteristics

Infertility diagnosis

Women'’s total fish intake (servings/day) P-value
Overall
Q1 (0-0.12) Q2 (0.13-0.20) Q3(0.21-0.29) Q4 (0.30-1.04)
n 229 58 67 48 56
Female demographic characteristics
Age (y) 35.0 (32.0, 38.0) 34.0 (32.0, 38.0) 35.0 (32.0, 38.0) 36.0 (33.0, 38.5) 33.0 (31.0, 37.0) 0.08
BMI (kg/m?) 23.0 (21.0, 25.7) 22.8(20.9, 25.4) 23.0 (21.6, 25.9) 23.6 (21.1, 26.0) 23.1(20.6, 25.1) 0.80
Race, white 194 (85) 49 (21) 60 (26) 40 (18) 45 (20) 0.55
Smoking status, ever smoker 59 (26) 14 (6) 19 (8) 15 (7) 11 (5) 0.54
Education, college or higher 214 (94) 52 (23) 64 (28) 45 (20) 53 (23.) 0.58
Moderate-to-vigorous physical activity (min/week) 149.0 (29.5,298.5) 103.8 (14.5, 314.5) 119.5 (0.0, 240.0) 206.8 (38.8,360.0) 150.0 (56.8, 275.5) 0.10
Female dietary parameters

Energy intake (kcal/day) 1675 (1319, 2004) 1447 (1148,1758) 1614 (1136,1793) 1736 (1400, 2023) 1893 (1505, 2344) <0.001
Prudent pattern score -0.3(-0.7,0.3) -0.5(-0.9,0.2) -0.4 (-0.7,-0.3) -0.2 (-0.6, 0.3) 0.1(-0.3,0.5) <0.001
Western pattern score -0.2(-0.7,0.3) -0.4 (-0.9, 0.4) -0.2 (-0.5,0.1) -0.1 (-0.5, 0.5) -0.2 (-0.4,0.4) 0.21
Total Folate; supplements and fortified foods (ug/day) 10111297§?%1'3' 911.0 (675.0, 1148.7) 1011.9 (827.3, 1247.1) 115%%‘_307)4'2' 962.9 (783.4, 1282.4) 0.14
(Tlfgtz;‘;'a‘e; without vitamin pills, includes fortified foods ) 4 314 4 518.0) 364.3 (280.6,422.4) 404.4 (284.4, 481.5) 452.3 (328.4,545.3) 486.8 (347.8, 565.6) <0.001
Natural Food Folate (ug/day) 274.0 (207.0, 356.0) 242.5 (176.0,319.0) 260.0 (197.0, 274.0) 296.0 (212.5, 368.5) 326.5 (270.0, 398.5) <0.001
Folic Acid; supplements and fortified foods (ug/day) 720.0 (492.0, 934.0) 611.5 (453.0, 884.0) 720.0 (533.0, 983.0) 875.0 (491.5, 980.0) 619.5 (491.0, 897.0) 0.09
Folate Equivalents; includes supplements and fortified 1468.0 (1023.0, 1400.0 (1023.0, 1468.0 (1155.0, 1975.5 (927.0, 1429.5 (710.5, 0.40
foods (ug/day) 2125.0) 1973.0) 2234.0) 2235.0) 2108.0)
Linoleic (g/day) 9.60 (7.80,11.90)  8.49 (6.51, 11.01) 9.62 (8.25, 11.18) 9.17 (8.17,12.45)  10.56 (9.10, 14.75) 0.004
Omega 3; no alpha-linolenic acid (g/day) 35(2.7,4.4) 2.7 (2.0,3.5) 3.5(2.7,3.9) 3.7(2.9,4.6) 45(3.5,5.1) <0.001
Linolenic fatty acid (g/day) 1.10 (0.80, 1.40) 1.02 (0.69, 1.26) 1.09 (0.85, 1.12) 1.08 (0.86, 1.40) 1.28 (0.99, 1.68) 0.004
Alpha linolenic fatty acid (g/day) 3.2(2.4,4.0) 2.5(1.9,3.3) 3.2(2.5,35) 35(2.7,4.3) 40(3.1,4.7) <0.001



Female factor
Male factor
Unexplained
Treatment protocol
Antagonist
Flare
Luteal phase agonist
Egg donor or cryo cycle
Embryo transfer day
Day 2
Day 3
Day 5
Number of embryos transferred
One embryo
Two embryos

Three or more embryos

Male demographic characteristics

Age (y)

BMI (kg/m?)

Race, white

Smoking status, ever smoker

Education, college or higher

Moderate-to-vigorous physical activity (min/week)

Sexual abstinence (days)

Male dietary parameters

Energy intake (kcal/day)
Prudent pattern score
Western pattern score

Total fish intake (servings/day)

79 (35)
87 (38)
63 (28)

32 (14)
19 (8)
160 (70)
18 (8)

10 (5)
80 (42)
101 (53)

65 (34)
98 (52)
27 (14)

36.0 (33.6, 39.3)
27.0 (24.3, 28.9)
211 (92)

44 (19)

199 (87)
180.0 (60.0, 390.0)
2.4 (2.4,2.5)

1937 (1592, 2414)
-0.1(-0.6, 0.6)
-0.2 (0.7, 0.5)

0.2(0.1,0.3)

19 (8)
24 (11)
15 (7)

10 (4)
5(2)
40 (18)
3(1)

6(3)
14 (7)
31 (16)

22 (12)
26 (14)
3(2)

36.6 (33.6, 39.2)
27.2 (25.1, 30.0)
50 (22)

10 (4)

47 (21)
149.3 (53.5, 402.0)
2.4(2.4,2.4)

1842 (1469, 2384)
-0.2 (-0.8, 0.6)
-0.2 (-1.0, 0.4)

0.2(0.1,0.2)

32 (14)
19 (8)
16 (7)

10 (4)
7(3)
46 (20)
4(2

2(1)
28 (15)
26 (14)

16 (8)
28 (15)
12 (6)

36.0 (33.4, 38.5)
26.9 (24.3, 28.4)
62 (27)

94
58 (25)
180.0 (29.5, 376.0)
2.4(2.0,2.4)

2061 (1681, 2513)
-0.1 (-0.5,0.7)
-0.3(-0.8, 0.4)

0.2(0.1,0.3)

14 (6)
20 (9)
14 (6)

3(1)
4(2)
34 (15)
7(3)

1)
16 (8)
18 (9)

7(4)
22 (12)
6(3)

36.7 (33.8, 41.0)
27.1(24.1, 29.3)
47 (21)

12 (5)

42 (18)

192.0 (140.8, 391.0)
2.4(2.4,2.9)

1910 (1632, 2635)
-0.1(-0.5, 0.5)
-0.3 (-0.6, 0.6)

0.2(0.2,0.3)

14 (6)
24 (11)
18 (8)

9(4)
3(1)
40 (18)
4(2)

1(1)
22 (12)
26 (14)

20 (11)
22 (12)
6(3)

36.0 (32.0, 38.7)
26.9 (24.0, 28.7)
52 (23)

13 (6)

52 (23)
180.0 (74.0, 465.0)
2.4(2.0,2.8)

1977 (1666, 2243)
0.2 (-0.7,0.7)
-0.1 (-0.6, 0.5)

0.3 (0.2, 0.4)

0.60

0.003

0.70
0.54
0.17
0.36
0.32
0.31
0.18

0.33

0.59

0.50
<0.001




Analyses were run using Kruskal-Wallis test for continuous variables and Fisher’'s exact test for categorical variables and Chi-square test was used for evaluating differences across categories of

primary infertility diagnosis, initial stimulation protocol, embryo transfer day and number of embryos transferred.

Abbreviations: BMI, body mass index; n, sample size.



Supplemental Table 3. Baseline demographic, nutritional and reproductive characteristics of study participants, overall and in lowest and highest quartiles of

men’s total nut intake.

Men'’s total nuts intake (servings/day) P-value
Overall
Q1 (0-0.14) Q2 (0.16-0.38) Q3 (0.38-0.98) Q4 (0.98-3.93)
n 229 60 53 58 58
Male demographic characteristics
Age (y) 36.0 (33.6, 39.3) 36.1(32.8, 39.4) 36.0 (33.0, 37.8) 36.8 (34.6, 39.4) 36.7 (33.7, 40.8) 0.41
BMI (kg/m2) 27.0 (24.3, 28.9) 26.8 (24.2, 27.8) 27.1(26.0, 30.8) 26.6 (24.1, 28.7) 27.0 (24.0, 28.8) 0.12
Race, white 211 (92) 54 (24) 50 (22) 51 (22) 56 (25) 0.29
Smoking status, ever smoker 44 (19) 12 (5) 9(4) 8 (4) 15 (7) 0.40
Education, college or higher 199 (87) 49 (21) 47 (21) 50 (22) 53 (23) 0.45
Moderate-to-vigorous physical activity (min/week) 180.0 (60.0, 390.0)  161.3 (35.5,440.8)  180.0 (46.5,450.0)  176.8 (60.0,390.0)  239.3 (65.5, 389.5) 0.91
Sexual abstinence (days) 2.4(1.9,3.0) 2.4(1.8,2.9) 2.4(1.9,34) 2.4(1.8,3.0) 25(2.1,31) 0.69
Male dietary parameters

Energy intake (kcal/day) 1937 (1592, 2414) 1816 (1476,2074) 1862 (1537,2341) 1999 (1628, 2414) 2197 (1831, 2642) <0.001
Prudent pattern score -0.1 (-0.6, 0.6) -0.2 (-0.7,0.5) -0.1 (-0.5,0.7) -0.3(-0.5,0.4) 0.0 (-0.6, 1.1) 0.50
Western pattern score -0.2 (-0.7,0.5) -0.6 (-1.1,-0.1) -0.3(-0.7,0.4) -0.1(-0.7,0.7) 0.2(-0.4,1.1) <0.001
Total Folate; supplements and fortified foods (ug/day) 667.2 (442.8,886.8) 511.6 (360.2, 752.2) 597.0 (420.2,898.4) 692.1 (526.1, 847.6) 815.7 (532.1, 990.4) <0.001
(Tlgz;‘;'a‘e; without vitamin pills, includes fortified foods ,, 5 356 0 5857) 3852 (303.9,474.4) 432.8 (3459, 556.2) 474.3 (361.7, 616.6) 536.9 (405.5, 672.8) <0.001
Natural Food Folate (ug/day) 286.0 (222.0, 365.0) 230.5 (1915, 274.5) 295.0 (223.0, 346.0) 315.0 (219.0, 357.0) 347.5 (272.0, 441.0) <0.001
Folic Acid; supplements and fortified foods (ug/day) 327.0 (145.0, 538.0) 276.0 (123.5,500.5) 293.0 (140.0, 588.0) 335.0 (190.0, 515.0) 447.5 (173.0, 615.0) 0.09
E)‘(’)'g;i&g;‘(;;;‘;ents; includes supplements and fortified g7, (4500 1327.0) 567.0 (407.5, 1130.0) 760.0 (450.0, 1425.0) 101172356_301)5'0' 979.0 (493.0, 1419.0) 0.11
Linoleic (g/day) 11.0 (8.6, 15.3) 8.67(7.12,10.38)  10.09 (8.27,12.49)  11.32 (9.42,15.28) 16.78 (12.47, 19.64) <0.001
Omega 3; no alpha-linolenic acid (g/day) 35(2.7,4.9) 3.5(2.8,4.0) 3.9(3.0,4.9) 3.9(3.2,4.7) 4.4 (3.7,5.9) <0.001
Linolenic fatty acid (g/day) 1.2(0.9, 1.6) 1.01 (0.72, 1.25) 1.17 (0.82, 1.47) 1.21 (0.95, 1.70) 1.54 (1.07, 1.91) <0.001
Alpha linolenic fatty acid (g/day) 3.6 (2.9, 4.4) 3.3(2.6,3.8) 3.6(2.9,4.3) 35(2.9,4.4) 4.2(3.4,5.4) <0.001

Female demographic characteristics



Age (y)

BMI (kg/m?)

Race, white

Smoking status, ever smoker

Education, college or higher

Moderate-to-vigorous physical activity (min/week)

Female dietary parameters
Energy intake (kcal/day)
Prudent pattern score
Western pattern score
Total nuts intake (servings/day)

Baseline cycle characteristics
Infertility diagnosis

Female factor
Male factor
Unexplained
Treatment protocol
Antagonist
Flare
Luteal phase agonist
Egg donor or cryo cycle
Embryo transfer day
Day 2
Day 3
Day 5
Number of embryos transferred
One embryo
Two embryos

Three or more embryos

35.0 (32.0, 38.0)
27.0 (24.3, 28.9)
194 (85)

59 (26)

214 (94)
149.0 (29.5, 298.5)

1683 (1369, 2004)
-0.3(-0.7,0.3)
-0.2 (0.7, 0.4)

0.4(02,0.7)

79 (35)
87 (38)
63 (28)

32 (14)
19 (8)
160 (70)
18 (8)

10 (5)
80 (42)
101 (53)

66 (35)
97 (51)
27 (14)

34.0 (30.5, 39.0)
22.8(20.8, 26.0)
48 (21)

18 (8)

56 (25)
149.5 (12.0, 200.8)

1463 (1194, 1749)
-0.6 (-1.0, 0.1)
-0.3 (0.9, 0.1)

0.2 (0.1, 0.5)

22 (10)
23 (10)
15 (7)

9(4)
3(1)
43 (19)
5(2)

3(2)
18 (9)
28 (15)

15 (8)
26 (14)
8(4)

35.0 (33.0, 37.0)
23.9 (21.8, 27.0)
48 (21)

12 (5)

49 (21)
114.0 (29.5, 300.0)

1663 (1354, 1931)
-0.1(-0.7, 0.3)
0.2 (-0.7, 0.5)

0.4(0.1,0.7)

15 (7)
20 (9)
18 (8)

3D

3(D)
42 (18)

5(2)

3(2)
14 (7)
26 (14)

16 (8)
22 (12)
4(2)

35.0 (33.0, 38.0)
23.0 (20.9, 24.8)
49 (21)

14 (6)

55 (24)
138.0 (29.5, 341.5)

1683 (1404, 1961)
-0.2 (-0.6, 0.2)
-0.3(-0.7, 0.3)

0.4 (0.2, 0.6)

24 (11)
15 (7)
19 (8)

10 (4)
8(4)
34 (15)
6(3)

3(2)
27 (14)
20 (11)

17 (9)
25 (12)
8(4)

35.0 (32.0, 38.0)
23.0 (21.0, 25.0)
49 (21)

15 (7)

54 (24)
225.0 (41.5, 330.0)

1930 (1683, 2181)
-0.1(-0.6, 0.4)
0.1(-0.4, 0.5)
0.6 (0.4, 1.1)

18 (8)
29 (13)
11 (5)

10 (4)
5(2)
41 (18)
2(1)

1(1)
21 (11)
27 (14)

18 (10)
24 (13)
74

0.60
0.47
0.49
0.82
0.96
0.23

<0.001

0.01

0.09
<0.001

0.30

0.96




Analyses were run using Kruskal-Wallis test for continuous variables and Fisher’'s exact test for categorical variables and Chi-square test was used for evaluating differences across categories of

primary infertility diagnosis, initial stimulation protocol, embryo transfer day and number of embryos transferred.

Abbreviations: BMI, body mass index; n, sample size.



Supplemental Table 4. Baseline demographic, nutritional and reproductive characteristics of study participants, overall and in lowest and highest quartiles of

men’s total fish intake.

Men'’s total fish intake (servings/day) P-value
Overall
Q1 (0-0.10) Q2 (0.12-0.20) Q3 (0.22-0.30) Q4 (0.32-1.02)
n 229 57 62 50 60

Male demographic characteristics
Age (y) 36.0 (33.6, 39.3) 36.4 (33.8, 38.4) 36.4 (34.5, 39.9) 36.0 (32.7, 39.9) 36.0 (33.3, 39.1) 0.87
BMI (kg/m?) 27.0 (24.3, 28.9) 27.0 (24.9, 29.3) 26.7 (24.3, 27.9) 26.6 (24.2, 29.2) 27.3(23.5,28.7) 0.59
Race, white 211 (92) 53 (23) 55 (24) 46 (20) 57 (25) 0.63
Smoking status, ever smoker 44 (19) 9(4) 9(4) 11 (5) 15 (7) 0.41
Education, college or higher 199 (87) 47 (21) 52 (23) 45 (20) 55 (24) 0.38
Moderate-to-vigorous physical activity (min/week) 180.0 (60.0, 390.0) 179.5 (89.5, 360.0) 163.5 (59.0,402.0) 210.0 (114.0,390.0) 180.0 (57.5, 390.0) 0.85
Sexual abstinence (days) 2.4(1.9,3.0) 24(1.9,2.8) 24(1.9,35) 2.4(1.8,2.8) 25(2.0,3.4) 0.43

Male dietary parameters
Energy intake (kcal/day) 1937 (1592, 2414) 1780 (1452, 2230) 1894 (1645,2197) 1855 (1483,2226) 2303 (1914, 2838) <0.001
Prudent pattern score -0.1 (-0.6, 0.6) -0.3(-0.7,0.1) -0.1 (-0.6, 0.6) -0.3(-0.6, 0.3) 0.4 (-0.4,1.3) 0.003
Western pattern score -0.2 (-0.7,0.5) -0.5(-1.0,0.1) -0.4 (-0.8, 0.3) -0.2 (-0.6, 0.2) 0.2 (-0.4,1.1) 0.001
Total Folate; supplements and fortified foods (ug/day) ~ 667.2 (442.8, 886.8) 649.2 (402.6, 858.3) 689.9 (4155, 817.4) 592.3 (413.2, 792.7) 762.3 (515.8, 1008.2) 0.09
(T;gtzaif;'ate; without vitamin pills, includes fortified foods ,, 5 (356 0 585.7) 398.0 (306.9, 527.0)  415.5, 332.3,533.1)  448.5 (346.0, 541.8) 531.2 (421.7, 698.4) <0.001
Natural Food Folate (pg/day) 286.0 (222.0, 365.0) 249.0 (189.0,339.0) 256.0 (210.0, 333.0) 284.0 (225.0, 335.0) 355.0 (273.0, 486.5) <0.001
Folic Acid; supplements and fortified foods (pug/day) 327.0 (145.0, 538.0) 373.0 (140.0,519.0) 391.0 (180.0, 515.0) 300.5 (132.0, 516.0) 321.0 (146.0, 592.0) 0.70
fo‘f)'gtse(ﬁg/”di;;’;ems includes supplements and fortified g7, (4500 1327.0) 839.0 (413.0, 1298.0) 964.0 (448.0, 1228.0) 795.5 (442.0, 1286.0) 877.5 (580.5, 1441.5) 0.33
Linoleic (g/day) 11.0 (8.6, 15.3) 10.57 (8.05,13.93)  10.50 (8.86, 14.54)  10.21 (8.54,12.25)  12.59 (9.38, 17.98) 0.02
Omega 3; no alpha-linolenic acid (g/day) 35(2.7,4.4) 3.5(2.7,4.0) 3.7(3.0,4.5) 4.0(3.4,4.5) 5.0 (3.9,6.2) <0.001
Linolenic fatty acid (g/day) 1.2 (0.9, 1.6) 1.10 (0.82, 1.54) 1.15 (0.80, 1.50) 1.04 (0.82, 1.49) 1.49 (1.06, 1.97) 0.001
Alpha linolenic fatty acid (g/day) 3.6(2.9,4.4) 3.3(2.6,3.8) 35(2.9,4.2) 3.7(3.0,4.2) 47(3.5,5.4) <0.001

Female demographic characteristics
Age (y) 35.0 (32.0, 38.0) 34.0 (32.0, 38.0) 36.0 (32.0, 39.0) 33.5(32.0, 37.0) 35.0 (32.0, 38.0) 0.35



BMI (kg/m?)
Race, white
Smoking status, ever smoker

Education, college or higher

Moderate-to-vigorous physical activity (min/week)

Female dietary parameters
Energy intake (kcal/day)
Prudent pattern score
Western pattern score
Total fish intake (servings/day)

Baseline cycle characteristics
Infertility diagnosis

Female factor
Male factor
Unexplained
Treatment protocol
Antagonist
Flare
Luteal phase agonist
Egg donor or cryo cycle
Embryo transfer day
Day 2
Day 3
Day 5
Number of embryos transferred
One embryo
Two embryos

Three or more embryos

27.0 (24.3, 28.9)
194 (85)
59 (26)
214 (94)

149.0 (29.5, 298.5)

1683 (1369, 2004)
-0.3(-0.7,0.3)
-0.2 (0.7, 0.4)

0.4(02,07)

79 (35)
87 (38)
63 (28)

32 (14)
19 (8)
160 (70)
18 (8)

10 (5)
80 (42)
101 (53)

66 (35)
97 (51)
27 (14)

23.2(20.5, 26.8)
50 (22)
12 (5)
54 (24)
152.5 (60.0, 269.5)

1642 (1369, 1931)
-0.1 (-0.6, 0.6)
-0.3(-0.7,0.3)

0.1(0.1,0.2)

28 (12)
19 (8)
10 (4)

9(4)
5(2)
41 (18)
2(1)

1(1)
20 (11)
26 (14)

16 (8)
25 (13)
6(3)

23.1(21.6, 25.8)
53 (23)
16 (7)
57 (25)
1345 (12.0, 296.0)

1683 (1286, 2014)
-0.6 (-0.9, 0.1)
-0.1(-0.5, 0.5)

0.2(0.1,0.3)

19 (8)
23 (10)
20 (9)

12 (5)
10 (4)

36 (16)
4(2)

4(2)
21 (11)
29 (15)

21 (11)
21 (11)
11 (6)

23.1(21.7, 25.2)
43 (19)
14 (6)
48 (21)
119.8 (29.5, 332.5)

1683 (1421, 1841)
-0.1(-0.6, 0.2)
-0.2 (-0.7, 0.5)

0.2(0.2,0.3)

12 (5)
23 (10)
15 (7)

3
2
41 (18)
4(2)

1(1)
21 (11)
20 (11)

15 (8)
19 (10)
8(4)

22.8(20.3, 25.4)
48 (21)
17 (7)
55 (24)
1255 (24.0, 276.5)

1777 (1383, 2139)
0.2 (-0.7, 0.4)
-0.3(-0.7,0.3)

0.3(0.2,0.4)

20 (9)
22 (10)
18 (8)

8(4)
2(1)
42 (18)
8(4)

4(2)
18 (9)
26 (14)

14 (7)
32 (17)
2(1)

0.62
0.68
0.80
0.75
0.79

0.45

0.02

0.60

<0.001

0.15

0.65

0.15




Analyses were run using Kruskal-Wallis test for continuous variables and Fisher’'s exact test for categorical variables and Chi-square test was used for evaluating differences across categories of

primary infertility diagnosis, initial stimulation protocol, embryo transfer day and number of embryos transferred.

Abbreviations: BMI, body mass index; n, sample size.



Supplemental Table 5. Association between women’s nuts and fish sub-categories intake and probabilities of implantation, clinical pregnancy, and live birth

following ART in couples from the EARTH study. *

Number of women (n=229)/cycles (n=408)

Implantation probability

Clinical pregnancy probability

Live birth probability

Q1 54/96 0.50 (0.39, 0.62) 0.48 (0.37, 0.60) 0.41 (0.30, 0.53)
@ Q2 43173 0.55 (0.42, 0.68) 0.51 (0.39, 0.64) 0.39 (0.27, 0.53)
g Q3 75142 0.55 (0.46, 0.64) 0.49 (0.39, 0.58) 0.37 (0.28, 0.47)
& Q4 57/97 0.55 (0.43, 0.67) 0.51 (0.39, 0.63) 0.42 (0.30, 0.54)
P-trend 0.75 0.78 0.78
Y T1 61/104 0.54 (0.43, 0.65) 0.50 (0.39, 0.61) 0.41 (0.30, 0.52)
E T2 104/192 0.54 (0.46, 0.62) 0.50 (0.41, 0.58) 0.37 (0.29, 0.46)
s T3 64/112 0.54 (0.43, 0.64) 0.49 (0.39, 0.60) 0.42 (0.31, 0.53)
= P-trend 0.97 0.92 0.76
P T1 85/154 0.51 (0.42, 0.60) 0.48 (0.39, 0.57) 0.36 (0.28, 0.46)
2 T2 72/126 0.58 (0.48, 0.67) 0.54 (0.4, 0.63) 0.41 (0.32, 0.51)
g T3 72/128 0.53 (0.43, 0.63) 0.48 (0.38, 0.58) 0.41 (0.31, 0.51)
6 P-trend 0.97 0.76 0.72
Q1 51/94 0.48 (0.37, 0.60) 0.45 (0.34, 0.56) 0.31 (0.21, 0.43)
< Q2 74/125 0.58 (0.48, 0.68) 0.55 (0.45, 0.64) 0.42 (0.32, 0.52)
o Q3 48/94 0.57 (0.46, 0.68) 0.48 (0.37, 0.59) 0.37 (0.26, 0.48)
8 Q4 56/95 0.52 (0.40, 0.63) 0.49 (0.38, 0.60) 0.46 (0.34, 0.58)
P-trend 0.63 0.64 0.10
Q1 76/133 0.48 (0.39, 0.58) 0.47 (0.37, 0.56) 0.35 (0.26, 0.45)
G Q2 20/34 0.55 (0.37, 0.73) 0.47 (0.37, 0.65) 0.40 (0.23, 0.60)
@ Q3 74/138 0.56 (0.47, 0.65) 0.48 (0.39, 0.58) 0.37 (0.28, 0.46)
S Q4 50/103 0.58 (0.47, 0.69) 0.55 (0.44, 0.66) 0.47 (0.36, 0.59)
P-trend 0.20 0.25 0.15
Q1 48/92 0.48 (0.37, 0.60) 0.46 (0.35, 0.57) 0.28 (0.19, 0.40)
< Q2 78/146 0.56 (0.47, 0.65) 0.48 (0.39, 0.57) 0.38 (0.29, 0.47)
= Q3 84/139 0.57 (0.47, 0.66) 0.54 (0.4, 0.63) 0.46 (0.36, 0.55) ?
5 Q4 19/31 0.49 (0.30, 0.69) 0.49 (0.30, 0.68) 0.49 (0.30, 0.69)

P-trend

0.71

0.42

0.02




Data is presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution,
and logit link.

1 Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and W estern patterns, male total fish intake (for nuts models) or male
total nuts intake (for fish models). 2 P<0.05 for comparison of specific quartile versus quartile 1 (reference).

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample

size; Q, quartile.



Supplemental Table 6. Association between men’s nuts and fish sub-categories intake and probabilities of implantation, clinical pregnancy, and live birth

following ART in couples from the EARTH study. *

Number of women (n=229)/cycles

(n=410) Implantation probability Clinical pregnancy probability Live birth probability

Q1 58/104 0.57 (0.46, 0.67) 0.53(0.42,0.63) 0.39 (0.29, 0.50)

o Q2 67/127 0.49 (0.39, 0.59) 0.44 (0.35, 0.54) 0.35(0.26, 0.45)

% Q3 46/88 0.56 (0.44, 0.67) 0.49 (0.37,0.61) 0.42 (0.30, 0.54)

& Q4 58/91 0.57 (0.45, 0.68) 0.54 (0.42, 0.65) 0.41 (0.30, 0.54)
P-trend 0.59 0.47 0.49

" T1 80/135 0.54 (0.44, 0.63) 0.49 (0.39, 0.58) 0.42(0.32,0.52)

‘g T2 91/169 0.56 (0.47, 0.64) 0.52 (0.43, 0.60) 0.39 (0.30, 0.48)

K] T3 58/106 0.52 (0.40, 0.63) 0.48 (0.36, 0.59) 0.35(0.25, 0.47)
= P-trend 0.75 0.80 0.42

Q1 29/45 0.51 (0.35, 0.66) 0.50 (0.34, 0.66) 0.43(0.27,0.59)

% Q2 75/127 0.49 (0.39, 0.59) 0.48 (0.38, 0.58) 0.37(0.28, 0.48)

g Q3 54/110 0.56 (0.46, 0.67) 0.48 (0.38, 0.58) 0.38 (0.28, 0.49)

g Q4 71/128 0.59 (0.48, 0.69) 0.53(0.42,0.63) 0.40 (0.30, 0.51)
P-trend 0.28 0.54 0.83

Q1 55/109 0.51 (0.40, 0.62) 0.46 (0.36, 0.57) 0.36 (0.26, 0.47)

S Q2 53/86 0.49 (0.38, 0.61) 0.45 (0.34, 0.57) 0.36 (0.26, 0.48)

; Q3 61/107 0.58 (0.47, 0.68) 0.55 (0.45, 0.65) 0.41(0.31,0.52)

8 Q4 60/108 0.58 (0.47, 0.68) 0.50 (0.40, 0.61) 0.40 (0.29, 0.51)
P-trend 0.32 0.53 0.60

Q1 39/66 0.51 (0.37, 0.64) 0.47 (0.34, 0.61) 0.36 (0.23, 0.50)

ﬁ Q2 62/121 0.52 (0.42, 0.63) 0.47 (0.37,0.58) 0.34 (0.25, 0.44)

E Q3 62/100 0.60 (0.49, 0.70) 0.56 (0.45, 0.66) 0.46 (0.35, 0.57)

§ Q4 66/123 0.53 (0.42, 0.63) 0.48 (0.37,0.58) 0.37(0.28, 0.48)
P-trend 0.72 0.78 0.51

Q1 35/65 0.54 (0.40, 0.68) 0.49 (0.35, 0.63) 0.33(0.21, 0.48)

S Q2 78/129 0.56 (0.46, 0.66) 0.51 (0.41, 0.61) 0.44 (0.34,0.54)

% Q3 91/174 0.50 (0.42, 0.59) 0.45 (0.37,0.54) 0.34(0.27,0.43)

& Q4 25/42 0.66 (0.48, 0.80) 0.64 (0.46, 0.79) 0.44 (0.28, 0.63)

P-trend 0.73 0.57 0.95




Data is presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution,

and logit link.
1 Fully adjusted model: Male age and BMI, male energy intake, male education, male Prudent and Western patterns, female total fish intake (for nuts models) or female total nuts intake (for fish models).

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample

size; Q, quartile.



Supplemental Table 7. Association between men’s and women'’s total omega-3, DHA+EPA, ALA, total nuts, peanuts, walnuts, other nuts, total fish, dark fish,

white fish and shellfish intake and probability of total pregnancy loss following ART in couples from the EARTH study. *

Total pregnancy loss

Men'’s intake Women'’s intake
Tiles Number of pregnancy I.c?sses/Number of Probabilities Tiles Number of pregnancy I.o.sses/Number of Probabilities
pregnancies (positive -hCG) pregnancies (positive 3-hCG)
& Q1 29/96 0.65 (0.17, 0.94) Q1 38/99 0.48 (0.16, 0.81)
2 Q2 40/94 0.23 (0.07, 0.55) Q2 27/85 0.15 (0.03, 0.51)
E i Q3 35/108 0.19 (0.05, 0.50) Q3 37/128 0.36 (0.14, 0.66)
g Q4 44/112 0.13 (0.02, 0.50) Q4 44/96 0.16 (0.04, 0.45)
L P-trend 0.30 P trend 0.31
Q1 35/111 0.45 (0.16, 0.77) Q1 42/96 0.53(0.23, 0.80)
E Q2 35/97 0.22 (0.06, 0.55) Q2 37/125 0.36 (0.14, 0.66)
E Q3 30/107 0.23 (0.07, 0.57) Q3 26/95 0.39 (0.11, 0.77)
E Q4 48/95 0.17 (0.05, 0.43) Q4 41/92 0.05 (0.01, 0.22) 2
P-trend 0.25 P trend 0.01
Q1 29/97 0.82(0.30, 0.98) Q1 40/104 0.51 (0.17, 0.84)
Q2 34/94 0.17 (0.04, 0.47) Q2 24/68 0.17 (0.03, 0.53)
; Q3 40/111 0.22 (0.07, 0.51) Q3 40/138 0.39 (0.16, 0.68)
Q4 45/108 0.09 (0.01, 0.44) Q4 42/98 0.11 (0.02, 0.41)
P-trend 0.19 P trend 0.25
. Q1 32/108 0.26 (0.07, 0.61) Q1 33/98 0.14 (0.03, 0.45)
% Q2 35/93 0.29 (0.09, 0.63) Q2 46/127 0.48 (0.23,0.73)
= Q3 49/108 0.34 (0.14, 0.61) Q3 33/82 0.26 (0.08, 0.57)
% Q4 32/101 0.14 (0.03, 0.41) Q4 34/101 0.21 (0.06, 0.51)
= P-trend 0.37 P trend 0.66
Q1 36/104 0.37 (0.13, 0.69) Q1 26/96 0.13 (0.03, 0.44)
1) Q2 34/127 0.21 (0.06, 0.53) Q2 35/73 0.35(0.12, 0.68)
g Q3 46/88 0.25 (0.09, 0.53) Q3 45/142 0.31(0.12,0.58)
& Q4 32/91 0.21 (0.06, 0.51) Q4 40/97 0.30 (0.11, 0.60)
P-trend 0.59 P trend 0.74
I T1 49/135 0.18 (0.06, 0.43) T1 42/104 0.28 (0.11, 0.54)
== T2 58/169 0.27 (0.11, 0.51) T2 63/192 0.25(0.11, 0.48)



T3 41/106 0.36 (0.13, 0.67) T3 41/112 0.33(0.13,0.62)

P-trend 0.35 P trend 0.72

Q1 16/45 0.06 (0.01, 0.42) T1 47/154 0.25(0.09, 0.51)

2 Q2 33/127 0.16 (0.04, 0.49) T2 47/126 0.40 (0.19, 0.65)

; Q3 40/110 0.41 (0.16, 0.72) T3 52/128 0.20 (0.07, 0.43)
g Q4 59/128 0.30 (0.12, 0.58) NA NA NA
P-trend 0.48 P trend 0.39

Q1 31/106 0.50 (0.19, 0.81) Q1 41/99 0.27 (0.09, 0.58)

% Q2 47/108 0.20 (0.07, 0.46) Q2 29/132 0.33 (0.11, 0.67)

% Q3 22/88 0.07 (0.01, 0.43) Q3 31/85 0.41(0.16, 0.72)

‘é Q4 48/108 0.26 (0.09, 0.56) Q4 45/92 0.17 (0.05, 0.46)
P-trend 0.42 P trend 0.68

Q1 41/109 0.38 (0.15, 0.69) Q1 35/94 0.36 (0.11, 0.72)

S Q2 23/86 0.27 (0.07, 0.63) Q2 36/125 0.15 (0.04, 0.40)

< Q3 42/107 0.13 (0.03, 0.41) Q3 39/94 0.56 (0.27,0.82)

E Q4 42/108 0.26 (0.09, 0.56) Q4 36/95 0.14 (0.04, 0.40)
P-trend 0.53 P trend 0.43

Q1 23/66 0.48 (0.15, 0.83) Q1 41/133 0.15 (0.04, 0.39)

E Q2 39/121 0.29 (0.09, 0.63) Q2 14/34 0.43 (0.09, 0.85)

E Q3 33/100 0.15 (0.04, 0.43) Q3 57/138 0.49 (0.26, 0.73) 2

g Q4 53/123 0.22 (0.07, 0.50) Q4 34/103 0.13 (0.03, 0.41)
P-trend 0.37 P trend 0.99

Q1 20/65 0.48 (0.13, 0.85) Q1 29/92 0.46 (0.15, 0.80)

S Q2 47/129 0.19 (0.06, 0.46) Q2 41/146 0.28 (0.10, 0.57)

% Q3 55/174 0.26 (0.10, 0.52) Q3 58/139 0.30(0.13,0.54)

& Q4 26/42 0.19 (0.04, 0.57) Q4 18/31 0.05 (0.00, 0.36)
P-trend 0.68 P trend 0.13

Data are presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution,

and logit link.

1 Fully adjusted model for men’s omega-3 associations: male age and BMI, male energy intake, male education, male Prudent and Western patterns, female omega-3 intake. Fully adjusted model for

women’s omega-3 associations: female age and BMI, female energy intake, female smoking status, female education, female Prudent and Western patterns, male omega-3 intake. Fully adjusted



models for men’s nuts and fish associations: male age and BMI, male energy intake, male education, male Prudent and Western patterns, female total fish intake (for nuts models) or female total nuts
intake (for fish models). Fully adjusted models for women’s nuts and fish associations: female age and BMI, female energy intake, female smoking status, fe male education, female Prudent and
Western patterns, male total fish intake (for nuts models) or male total nuts intake (for fish models). 2 P<0.05 for comparison of specific quartile versus quartile 1 (reference).  Total omega-3 included

ALA, DHA and EPA. * Total nuts included peanuts, walnuts, and other nuts. ° Total fish included dark fish, white fish, and shellfish.

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive technologies; B-hCG, beta human chorionic gonadotropin; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive

Health; EPA, eicosapentaenoic acid; n, sample size; NA, not applicable; Q, quartile; T, Tertile.



Supplemental Table 8. Association between women'’s total omega-3, DHA+EPA and ALA intake, adjusting for total energy intake using the nutrient residual
method and the multivariable nutrient density method, and probabilities of total pregnancy loss, clinical pregnancy loss, and live birth following ART in couples

from the EARTH study. *

Nutrient residual method

Total pregnancy loss probability Clinical pregnancy loss probability Live birth probability

® 3 Q1 0.48 (0.19, 0.78) 0.31(0.08, 0.71) 0.33 (0.23, 0.46)
% s Q2 0.37 (0.13, 0.70) 0.36 (0.12, 0.71) 0.42 (0.31, 0.54)
£ E Q3 0.16 (0.04, 0.48) 0.09 (0.02, 0.41) 0.34 (0.25, 0.45)
T > Q4 0.15 (0.04, 0.41) 0.05 (0.01, 0.26) 0.49 (0.37, 0.61)
[
= P-trend 0.110 0.074 0.158
B Q1 0.41(0.16, 0.71) 0.23 (0.06, 0.58) 0.39 (0.28, 0.52)
E s Q2 0.50 (0.22, 0.77) 0.44 (0.17, 0.75) 0.30 (0.21, 0.40)
53 K Q3 0.23 (0.07, 0.54) 0.11 (0.02, 0.44) 0.43 (0.32, 0.54)
I % Q4 0.06 (0.01, 0.27) 2 0.02 (0.00, 0.20) 0.48 (0.36, 0.59)
c P-trend 0.019 0.032 0.135
[
. Q1 0.40 (0.14, 0.73) 0.26 (0.06, 0.65) 0.34 (0.24, 0.46)
o3 Q2 0.28 (0.09, 0.60) 0.25 (0.07, 0.50) 0.44 (0.33, 0.57)
53 Q3 0.27 (0.07, 0.64) 0.13 (0.02, 0.50) 0.37 (0.27, 0.49)
é 3 Q4 0.17 (0.05, 0.46) 0.10 (0.02, 0.37) 0.43 (0.31, 0.55)
P-trend 0.274 0.348 0.401

Multivariate nutrient density method

Total pregnancy loss probability

Clinical pregnancy loss probability

Live birth probability

© T Q1 0.46 (0.21,0.73) 0.24 (0.07, 0.58) 0.34 (0.24, 0.45)
g2 Q 0.11 (0.03, 0.37) 0.10 (0.02, 0.36) 0.46 (0.35, 0.58)
£8 Q3 0.33 (0.12, 0.64) 0.07 (0.01,0.37) 0.38 (0.28, 0.49)
s 5 Q4 0.07 (0.01, 0.40) 0.05 (0.00, 0.38) 0.39 (0.28, 0.51)
Qg P-trend 0.108 0.162 0.852
f<2 B Q1 0.40 (0.14, 0.72) 0.27 (0.07,0.64) 0.36 (0.26, 0.49)
Ths™g Q 0.46 (0.20, 0.74) 0.23 (0.06, 0.60) 0.41 (0.30, 0.52)



Q3 0.14 (0.04, 0.43) 0.04 (0.01, 0.25) 0.43 (0.33, 0.54)

Q4 0.08 (0.01, 0.34) 0.02 (0.00, 0.20) 0.36 (0.26, 0.48)
P-trend 0.035 0.030 0.744
- Q1 0.45 (0.20, 0.73) 0.25 (0.07, 0.59) 0.39 (0.29, 0.51)
°3 Q2 0.06 (0.01, 0.25) 0.05 (0.01, 0.22) 0.43 (0.33, 0.55)
5o Q3 0.39 (0.13, 0.72) 0.17 (0.03, 0.56) 0.37 (0.27, 0.49)
<7 Q4 0.17 (0.03, 0.53) 0.07 (0.01, 0.42) 0.37 (0.26, 0.49)
< P-trend 0.456 0.396 0.585

Data is presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary

distribution, and logit link.

2Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and Western patterns, male total fish intake (for nuts models) or male

total nuts intake (for fish models). 2P<0.05 for comparison of specific quartile versus quartile 1 (reference).

Abbreviations: ALA, alpha linolenic acid; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; Q, quartile.



Supplemental Table 9. Association between men’s total omega-3, DHA+EPA and ALA intake, adjusting for total energy intake using the nutrient residual
method and the multivariable nutrient density method, and probabilities of total pregnancy loss, clinical pregnancy loss, and live birth following ART in couples

from the EARTH study. *

Nutrient residual method

Total pregnancy loss probability Clinical pregnancy loss probability Live birth probability
® E Q1 0.31 (0.10, 0.65) 0.21 (0.05, 0.60) 0.37 (0.27, 0.49)
% 3 Q2 0.55 (0.25, 0.81) 0.40 (0.13, 0.75) 0.41 (0.30, 0.53)
g E Q3 0.15 (0.04, 0.45) 0.06 (0.01, 0.31) 0.42 (0.31, 0.54)
s 2 Q4 0.11 (0.02, 0.35) 0.03 (0.00, 0.22) 0.35 (0.26, 0.46)
2 % P-trend 0.109 0.056 0.794
B Q1 0.41 (0.14, 0.75) 0.22 (0.04, 0.65) 0.39 (0.28, 0.50)
E g Q2 0.22 (0.07, 0.53) 0.19 (0.05, 0.52) 0.36 (0.26, 0.47)
::+J E Q3 0.20 (0.05, 0.56) 0.06 (0.01, 0.37) 0.34 (0.24, 0.45)
E g Q4 0.22 (0.08, 0.49) 0.04 (0.01, 0.25) 0.46 (0.35, 0.58)
S P-trend 0.529 0.101 0.292
- Q1 0.33 (0.10, 0.68) 0.20 (0.04, 0.62) 0.35 (0.25, 0.46)
g E Q2 0.36 (0.15, 0.66) 0.25 (0.08, 0.58) 0.47 (0.36, 0.59)
g2 Q3 0.27 (0.08, 0.60) 0.14 (0.03, 0.49) 0.37(0.27, 0.48)
g § Q4 0.11 (0.03, 0.37) 0.03 (0.00, 0.23) 0.38(0.28, 0.49)
< P-trend 0.168 0.117 0.975
Multivariate nutrient density method
Total pregnancy loss probability Clinical pregnancy loss probability Live birth probability
® 3 Q1 0.36 (0.11, 0.71) 0.16 (0.03, 0.56) 0.38 (0.27, 0.49)
% g Q2 0.36 (0.14, 0.66) 0.22 (0.06, 0.57) 0.44 (0.33, 0.56)
g E Q3 0.23 (0.06, 0.58) 0.08 (0.01, 0.42) 0.36 (0.26, 0.47)
R Q4 0.08 (0.01, 0.35) 0.01 (0.00, 0.23) 0.38(0.28, 0.49)
2 % P-trend 0.106 0.090 0.790
:E < 2 § . Q1 0.37 (0.12,0.71) 0.15 (0.03, 0.54) 0.42 (0.31, 0.54)
E & % >"-§ ' Q2 0.21 (0.06, 0.52) 0.17 (0.04, 0.51) 0.34 (0.24, 0.45)



Q3 0.23 (0.07, 0.56) 0.04 (0.00, 0.31) 0.37 (0.27, 0.48)

Q4 0.20 (0.06, 0.51) 0.04 (0.01, 0.28) 0.43 (0.31, 0.55)
P-trend 0.503 0.192 0.588
- Q1 0.33 (0.10, 0.68) 0.10 (0.02, 0.47) 0.35 (0.25, 0.47)
°3 Q2 0.36 (0.14, 0.65) 0.28 (0.09, 0.62) 0.47 (0.35, 0.59)
5o Q3 0.25 (0.07, 0.59) 0.08 (0.01, 0.39) 0.38 (0.28, 0.49)
<7 Q4 0.09 (0.02, 0.37) 0.02 (0.00, 0.25) 0.36 (0.26, 0.48)
< P-trend 0.134 0.125 0.840

Data is presented as predicted marginal proportions and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary

distribution, and logit link.

1 Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and Western patterns, male total fish intake (for nuts models) or male

total nuts intake (for fish models).

Abbreviations: ALA, alpha linolenic acid; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; Q, quartile.



Supplemental Table 10. Association between women'’s total omega-3, DHA+EPA, ALA, total nuts and total fish intake and probabilities of live birth, total

pregnancy loss, and clinical pregnancy loss following ART in couples from the EARTH study; excluding the nine women without FFQ data. !

Live birth probability Total pregnancy loss probability Clinical pregnancy loss probability
':n Q1 0.34 (0.22, 0.49) 0.51 (0.17, 0.84) 0.44 (0.09, 0.86)
‘g Q2 0.36 (0.25, 0.48) 0.15 (0.03, 0.51) 0.08 (0.01, 0.47)
g Q3 0.42 (0.31, 0.54) 0.34 (0.12, 0.65 0.25 (0.07, 0.58)
% Q4 0.53 (0.38, 0.68) 0.13 (0.03, 0.42) 0.03 (0.00, 0.23)
S P-trend 0.13 0.24 0.14
Q1 0.37 (0.26, 0.49) 0.54 (0.24, 0.81 0.36 (0.11, 0.71)
= Q2 0.37 (0.27, 0.49) 0.36 (0.14, 0.67) 0.38 (0.13, 0.71)
I:+(J Q3 0.36 (0.26, 0.48) 0.44 (0.14, 0.79) 0.22 (0.04, 0.69)
E Q4 0.56 (0.43, 0.68) ® 0.03(0.01,0.18) ® 0.01 (0.00, 0.11)°
P-trend 0.02 0.006 0.007
Q1 0.33 (0.21, 0.48) 0.52 (0.17, 0.86 0.41 (0.08, 0.84)
Q2 0.42 (0.30, 0.56) 0.16 (0.03, 0.54) 0.09 (0.01, 0.52)
é Q3 0.34 (0.24, 0.45) 0.35 (0.12, 0.67) 0.21 (0.05, 0.55)
Q4 0.57 (0.40, 0.72) 0.11 (0.02, 0.44) 0.05 (0.01, 0.34)
P-trend 0.19 0.29 0.27
" Q1 0.38 (0.27, 0.51) 0.14 (0.03, 0.46) 0.12 (0.02, 0.48)
2 Q2 0.45 (0.34, 0.57) 0.46 (0.21, 0.73) 0.24 (0.07, 0.58)
§ Q3 0.41 (0.30, 0.53) 0.27 (0.09, 0.58) 0.15 (0.03, 0.48)
% Q4 0.40 (0.29, 0.53) 0.21 (0.06, 0.53) 0.15 (0.04, 0.46)
. P-trend 0.92 0.68 0.88
Q1 0.36 (0.26, 0.49) 0.19 (0.05, 0.50) 0.18 (0.04, 0.52)
qﬁ Q2 0.35 (0.25, 0.46) 0.28 (0.08, 0.63) 0.09 (0.01, 0.45)
% Q3 0.38 (0.27, 0.50) 0.42 (0.16, 0.73 0.30 (0.08, 0.67)
E Q4 0.54 (0.41, 0.66) 0.23 (0.06, 0.56) 0.11 (0.02, 0.42)
P-trend 0.07 0.69 0.85

Data are presented as predicted marginal proportions and 95% confidence intervals.

Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution, and logit link.




! Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and W estern patterns, male total omega-3 intake (for omega-3 models)

male total fish intake (for nuts models) or male total nuts intake (for fish models). 2 Total omega-3 included ALA, DHA and EPA. 3 Total nuts included peanuts, walnuts, and other nuts. * Total fish

included dark fish, white fish, and shellfish. ® P<0.05 for comparison of specific quartile versus quartile 1 (reference).

Abbreviations: ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample size; Q, quartile.




Supplemental Table 11. Association between women'’s total omega-3, DHA+EPA, ALA, total nuts and total fish intake and probabilities of live birth, total

pregnancy loss, and clinical pregnancy loss following ART in couples from the EARTH study. !

Live birth probability Total pregnancy loss probability Clinical pregnancy loss probability
GLMM ? CW-GEE 3 GLMM ? CW-GEE 3 GLMM 2 CW-GEE 3
I,, Q1 0.34 (0.22, 0.48) 0.47 (0.33, 0.62 0.48 (0.16, 0.81) 0.41 (0.19, 0.68) 0.34 (0.07,0.77 0.31 (0.10, 0.64)
© Q2 0.36 (0.26, 0.49) 0.48 (0.36, 0.61) 0.15 (0.03, 0.51) 0.17 (0.07, 0.38) 0.08 (0.01, 0.46) 0.12 (0.04, 0.30)
E Q3 0.36 (0.27, 0.46) 0.50 (0.38, 0.61 0.36 (0.14, 0.66) 0.29 (0.13, 0.52) 0.30 (0.10, 0.62 0.25 (0.10, 0.51)
% Q4 0.52 (0.37, 0.66) 0.61 (0.47,0.73 0.16 (0.04, 0.45) 0.15 (0.05, 0.37) 0.06 (0.01, 0.30 0.07 (0.01, 0.29)
2l Parend 019 027 031 024 0.26 0.22
Q1 0.36 (0.26, 0.48) 0.46 (0.34, 0.58 0.53 (0.23, 0.80) 0.47 (0.25, 0.70) 0.36 (0.11, 0.71 0.35 (0.15, 0.63)
E Q2 0.33 (0.24, 0.43) 0.46 (0.36, 0.57 0.36 (0.14, 0.66) 0.30 (0.16, 0.51) 0.38 (0.13,0.71 0.31 (0.15, 0.54)
I:'::J Q3 0.36 (0.25, 0.48) 0.46 (0.34, 0.57 0.39 (0.11, 0.77) 0.34 (0.14, 0.63) 0.22 (0.04, 0.69 0.23 (0.06, 0.57)
g Q4 0.54 (0.42,0.66) ’ 0.68 (0.55,0.78) ’ 0.05(0.01,0.22) 7 0.05 (0.01,0.21) 7 0.01(0.00,0.11)7 0.01 (0.00,0.13)7
P-trend 0.02 0.01 0.01 0.004 0.008 0.006
Q1 0.32 (0.20, 0.45) 0.44 (0.31, 0.59 0.51 (0.17, 0.84) 0.44 (0.20, 0.71) 0.36 (0.08, 0.79 0.32 (0.10, 0.67)
Q2 0.45 (0.32, 0.58) 0.55 (0.42, 0.68 0.17 (0.03, 0.53) 0.17 (0.07, 0.37) 0.09 (0.01, 0.48 0.12 (0.04, 0.30)
;(( Q3 0.30 (0.22, 0.40) 0.42 (0.32, 0.53 0.39 (0.16, 0.68) 0.32 (0.16, 0.55) 0.29 (0.10, 0.60 0.25 (0.10, 0.50)
Q4 0.54 (0.39, 0.69) 0.65 (0.51, 0.77 0.11 (0.02, 0.41) 0.11 (0.03, 0.34) 0.06 (0.01, 0.33 0.07 (0.01, 0.31)
P-trend 0.21 0.25 0.25 0.18 0.34 0.29
- Q1 0.38 (0.27, 0.50) 0.51 (0.38, 0.63 0.14 (0.03, 0.45) 0.18 (0.07, 0.37) 0.11 (0.02, 0.46 0.15 (0.05, 0.36)
12 Q2 0.39 (0.30, 0.50) 0.50 (0.40, 0.61 0.48 (0.23, 0.73) 0.39 (0.22, 0.59) 0.29 (0.10, 0.60 0.26 (0.12, 0.48)
E Q3 0.41 (0.30, 0.54) 0.54 (0.42, 0.66 0.26 (0.08, 0.57) 0.22 (0.10, 0.44) 0.15 (0.03, 0.46 0.15 (0.05, 0.36)
% Q4 0.39 (0.28, 0.51) 0.52 (0.39, 0.64) 0.21 (0.06, 0.51) 0.18 (0.07, 0.39) 0.16 (0.04, 0.46 0.14 (0.05, 0.35)
" Ppirend 0.92 0.86 0.66 043 085 059
Q1 0.36 (0.26, 0.48) 0.48 (0.36, 0.60 0.27 (0.09, 0.58) 0.27 (0.11, 0.51) 0.20 (0.05, 0.54 0.21 (0.07,0.47)
jy:) Q2 0.31 (0.23, 0.40) 0.43 (0.33,0.54 0.33 (0.11, 0.67) 0.27 (0.11, 0.53) 0.19 (0.04, 0.58 0.19 (0.06, 0.46)
% Q3 0.38 (0.27, 0.50) 0.51 (0.38, 0.64) 0.41 (0.16, 0.72) 0.34 (0.18, 0.56) 0.30 (0.09, 0.66) 0.29 (0.13, 0.51)
E Q4 0.54 (0.41,0.66) ’ 0.65 (0.54, 0.75) 0.17 (0.05, 0.46) 0.16 (0.05, 0.38) 0.08 (0.02, 0.33 0.08 (0.01, 0.32)
P-trend 0.04 0.06 0.68 0.56 0.49 0.39

Data are presented as predicted marginal proportions and 95% confidence intervals.



! Fully adjusted model: Female age and BMI, female energy intake, female smoking status, female education, female Prudent and W estern patterns, male total omega-3 intake (for omega-3 models)

male total fish intake (for nuts models) or male total nuts intake (for fish models). 2 Analyses were run using generalized linear mixed models (proc glimmix) with random intercepts, binary distribution

and logit link. 3 Analyses were run using cluster-weighed generalized estimating equation (CW-GEE) modeling (proc genmod).  Total omega-3 included ALA, DHA and EPA. ® Total nuts included

peanuts, walnuts, and other nuts. ° Total fish included dark fish, white fish, and shellfish. 7 P<0.05 for comparison of specific quartile versus quartile 1 (reference).

Abbreviations: ART, assisted reproductive technologies; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample size; Q, quartile.




ONLINE SUPPLEMENTAL MATERIAL
Intake of omega-3 fatty acids and ART outcomes

Supplemental Table 126. Association between men’s omega-3, DHA+EPA, and ALA intake and nuts and fish consumption and semen quality

parameters in the EARTH study. !

-

Seminogram parameters [Number

Semen volume

Total sperm count

Sperm

Motile spermatozoa

Progressively

Normal sperm

e etz )
b Q1 Ref Ref Ref Ref Ref Ref
% Q2 -0.02 (-0.39, 0.35) 0.72(0.07,1.37) 0.71 (0.06, 1.36) 2.64 (-4.00, 9.28) 0.39 (-3.89, 4.68) -0.07 (-1.04, 0.89)
g Q3 0.15 (-0.26, 0.55) 1.20 (0.48, 1.91) 1.14 (0.43, 1.85) 9.02 (1.76, 16.28) 4.86 (0.17, 9.54) 0.30 (-0.75, 1.35)
B Q4 0.04 (-0.44, 0.52) 1.03(0.19, 1.87) 1.00 (0.16, 1.84) 8.22(-0.38, 16.82) 5.23(-0.31, 10.77) 0.56 (-0.69, 1.80)
E P-trend 0.69 0.008 0.01 0.02 0.02 0.31
Q1 Ref Ref Ref Ref Ref Ref
E Q2 0.01 (-0.35, 0.37) 0.12 (-0.53, 0.76) 0.13 (-0.51, 0.77) 4.27 (-2.25, 10.78) 2.58 (-1.62, 6.79) -0.41 (-1.34, 0.52)
E Q3 0.13 (-0.23, 0.50) 0.17 (-0.49, 0.82) 0.17 (-0.49, 0.82) 3.77 (-2.81, 10.35) 2.17 (-2.06, 6.40) 0.08 (-0.86, 1.02)
g Q4 0.23 (-0.12, 0.58) -0.02 (-0.64, 0.59) -0.10 (-0.72, 0.51) 2.23 (-4.02, 8.48) 1.94 (-2.08, 5.97) -0.16 (-1.06, 0.73)
P-trend 0.15 0.97 0.75 0.55 0.41 0.97
Q1 Ref Ref Ref Ref Ref Ref
Q2 -0.11 (-0.49, 0.28) 0.83 (0.16, 1.50) 0.86 (0.19, 1.53) 2.52 (-4.33,9.37) -0.02 (-4.45, 4.43) -0.09 (-1.07, 0.89)
é Q3 -0.03 (-0.45, 0.38) 1.12 (0.40, 1.85) 1.12 (0.40, 1.84) 6.92 (-0.46, 14.31) 3.41 (-1.34, 8.16) 0.30 (-0.77, 1.36)
Q4 -0.04 (-0.54, 0.46) 1.06 (0.19, 1.93) 1.07 (0.20, 1.94) 6.31 (-2.62, 15.24) 3.42(-2.33,9.18) 0.72 (-0.55, 2.00)
P-trend 0.96 0.01 0.01 0.09 0.12 0.21
- Q1 Ref Ref Ref Ref Ref Ref
% Q2 0(-0.37,0.37) 0.76 (0.11, 1.41) 0.74 (0.09, 1.39) -1.22 (-7.87, 5.44) -1.93 (-6.22, 2.37) -0.66 (-1.62, 0.29)
T‘; Q3 -0.06 (-0.42, 0.31) 0.91 (0.27, 1.56) 0.90 (0.25, 1.54) 241 (-4.17, 8.98) 1.34 (-2.89, 5.57) -0.14 (-1.08, 0.80)
é Q4 -0.04 (-0.42,0.33)  0.47 (-0.19, 1.14) 0.45 (-0.21, 1.11) -3.04 (-9.80, 3.72) -1.22 (-5.57,3.13)  -0.87 (-1.85, 0.10)
P-trend 0.76 0.16 0.17 0.62 0.97 0.20
Q1 Ref Ref Ref Ref Ref Ref
14} Q2 0.13 (-0.22, 0.48) 0.50 (-0.12, 1.11) 0.43 (-0.19, 1.04) -1.26 (-7.53, 5.02) -1.83 (-5.88, 2.22) -0.62 (-1.52, 0.28)
% Q3 -0.08 (-0.46, 0.31) 0.81(0.13, 1.49) 0.83 (0.15, 1.50) 2.33(-4.57,9.23) 1.37 (-3.07, 5.80) -0.02 (-1.00, 0.96)
& Q4 -0.06 (-0.43, 0.30) 0.30 (-0.35, 0.94) 0.29 (-0.36, 0.93) -2.97 (-9.54, 3.60) -1.41 (-5.64, 2.81) -0.71 (-1.66, 0.23)
P-trend 0.53 0.30 0.29 0.55 0.80 0.29
- T1 Ref Ref Ref Ref Ref Ref
‘é T2 -0.14 (-0.44, 0.16) 0.54 (0.00, 1.07) 0.58 (0.05, 1.11) -0.36 (-5.80, 5.07) 0.38 (-3.14, 3.89) -0.57 (-1.35, 0.21)
g T3 0.11 (-0.22, 0.44) 0.56 (-0.02, 1.15) 0.50 (-0.08, 1.09) 0.25 (-5.74, 6.24) 1.14 (-2.71, 4.98) 0.11 (-0.74, 0.96)
P-trend 0.59 0.05 0.07 0.95 0.57 0.89
58 Q1 Ref Ref Ref Ref Ref Ref

| Formatted: Left, Space After: 8 pt, Don't suppress line
numbers
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Q2 0.18 (-0.24, 0.61) 0.11 (-0.65, 0.86) 0.02 (-0.73, 0.77) -3.77 (-11.43, 3.89) -4.67 (-9.59, 0.25) -1.22 (-2.31, -0.13)
Q3 0.12 (-0.32, 0.55) -0.30 (-1.07, 0.47) -0.38 (-1.15, 0.39) -2.66 (-10.48, 5.16) -3.66 (-8.70, 1.37) -1.17 (-2.29, -0.06)
Q4 0.07 (-0.36, 0.50) -0.07 (-0.83, 0.69) -0.13 (-0.89, 0.63) -3.49 (-11.23, 4.24) -3.24 (-8.23,1.74) -0.78 (-1.88, 0.31)
P-trend 0.92 0.58 0.52 0.58 0.57 0.54
Q1 Ref Ref Ref Ref Ref Ref
% Q2 0.04 (-0.32, 0.40) 0.63 (-0.01, 1.26) 0.63 (0.00, 1.26) 5.87 (-0.53, 12.28) 4.89 (0.78, 9.00) -0.28 (-1.19, 0.63)
“r_; Q3 -0.15 (-0.52, 0.21) 0.22 (-0.42, 0.87) 0.32 (-0.33, 0.96) 1.60 (-4.94, 8.14) 0.86 (-3.33, 5.06) -0.29 (-1.23, 0.64)
E Q4 -0.07 (-0.43, 0.30) 0.56 (-0.08, 1.20) 0.60 (-0.05, 1.24) 6.11 (-0.40, 12.62) 4.43 (0.26, 8.60) 0.64 (-0.29, 1.58)
P-trend 0.49 0.22 0.16 0.19 0.17 0.20
Q1 Ref Ref Ref Ref Ref Ref
i, Q2 0.11 (-0.27, 0.50) -0.11 (-0.80, 0.59) -0.13 (-0.82, 0.56) 0.23 (-6.76, 7.21) 0.15 (-4.33, 4.63) -0.18 (-1.18, 0.81)
ZE Q3 -0.24 (-0.58, 0.11) 0.04 (-0.58, 0.65) 0.16 (-0.45, 0.78) 1.03 (-5.22, 7.29) 1.44 (-2.60, 5.48) -0.31 (-1.20, 0.58)
8 Q4 0.16 (-0.20, 0.52) 0.33 (-0.32, 0.97) 0.28 (-0.36, 0.92) 4.72 (-1.82,11.27) 3.42 (-0.79, 7.64) 0.74 (-0.19, 1.67)
P-trend 0.85 0.29 0.28 0.16 0.09 0.18
Q1 Ref Ref Ref Ref Ref Ref
ﬁ Q2 0.10 (-0.35, 0.56) 0.15 (-0.65, 0.96) 0.14 (-0.66, 0.95) 6.47 (-1.70, 14.65) 3.34 (-1.91, 8.59) 1.17 (0, 2.34)
E Q3 -0.11 (-0.41, 0.19) 0.13 (-0.41, 0.66) 0.18 (-0.35, 0.72) 1.87 (-3.56, 7.29) 1.50 (-2.00, 5.00) 0.50 (-0.27, 1.27)
'é Q4 -0.09 (-0.46, 0.28) 0.29 (-0.36, 0.95) 0.31 (-0.34, 0.97) 3.17 (-3.44,9.78) 2.41 (-1.86, 6.67) 0.91 (-0.03, 1.85)
P-trend 0.45 0.41 0.33 0.42 0.29 0.08
Q1 Ref Ref Ref Ref Ref Ref
S Q2 0.15 (-0.23, 0.53) 0.43 (-0.25, 1.10) 0.42 (-0.26, 1.09) 8.56 (1.77, 15.35) 5.41 (1.04,9.79) 1.03 (0.07, 2.00)
% Q3 0.08 (-0.30, 0.45) 0.45(-0.22, 1.11) 0.47 (-0.19, 1.14) 497 (-1.72, 11.67) 2.61(-1.70, 6.93) 0.23 (-0.72, 1.18)
& Q4 -0.16 (-0.67, 0.35) 0.33 (-0.57, 1.24) 0.42 (-0.49, 1.32) 10.08 (0.95, 19.21) 6.95 (1.04, 12.86) 1.19 (-0.12, 2.49)
P-trend 0.60 0.38 0.28 0.16 0.18 0.54

Data is presented as mean differences and 95% confidence intervals. Analyses were run using generalized linear mixed models (proc mixed) with repeated intercepts.

1 Fully adjusted model: Age and BMI, energy intake, physical activity, race, smoking status, and sexual abstinence. ? Log transformed data. ® Total omega-3 included ALA, DHA and

EPA.“ Total nuts included peanuts, walnuts, and other nuts. ® Total fish included dark fish, white fish, and shellfish.

Abbreviations: ALA, alpha linolenic acid; DHA, docosahexaenoic acid; EARTH, Environment and Reproductive Health; EPA, eicosapentaenoic acid; n, sample size; Q, quartile; T, tertile.
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Supplemental Table 13%. Summary of the findings of previous published studies with similar exposures and outcomes compared with present

study.
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Reference

Study type

Population analyzed
(Paternal/Maternal)

Exposure/Intervention

Main outcomes

Main Conclusion

Attaman et al.
2012 (1)

Eslamian et al.
2015 (2)

Xia et al. 2015
3

Afeiche et al.
2014 (4)

Salas-Huetos et
al. 2018 (5)

Robbins et al.
2012 (6)

Jensen et al.
2020 (7)

Jungheim et al.
2013 (8)

Chiu et al. 2018
C)

Wise et al. 2018
(10)

Stanhiser et al.
2020 (11)

Observational

Observational

Observational

Observational

RCT

RCT

Observational

Observational

Observational

Observational

Observational

Paternal

Paternal

Paternal

Paternal

Paternal

Paternal

Paternal

Maternal

Maternal

Maternal

Maternal

Omega-3

Omega-3

Total fish, dark fish, white
fish, and shellfish

Total fish, dark fish, white
fish, and shellfish

Nuts supplementation:
walnuts, hazelnuts, and
almonds

Walnuts supplementation

Fish oil supplements

PUFA

Serum omega-3

Total fat, SFA, MUFA,
PUFA, TFA, omega-3, and
omega-6

Serum omega-3 and
omega-6

Semen quality: Sperm count and
concentration, motility, and morphology

Asthenozoospermia

ART outcomes: Fertilization, implantation,
clinical pregnancy, and live birth

Semen quality: Sperm count and
concentration, motility, and morphology

Semen quality: Sperm count and
concentration, motility, and morphology

Semen quality: Sperm count and
concentration, motility, and morphology

- Semen quality: Sperm count and
concentration, motility, morphology

- Reproductive hormone levels: FSH, LH,
testosterone, free testosterone, and inhibin

B
ART outcomes: Implantation, clinical

pregnancy, and live birth

ART outcomes: Fertilization, implantation,
clinical pregnancy, and live birth

Time to pregnancy, fecundability

Pregnancy, miscarriage, ovarian reserve

Omega-3 is positively associated with
normal sperm morphology, among
men attending a fertility clinic
Omega-3 is inversely associated with
asthenozoospermia odds, among men
attending a fertility clinic

No association between fish
consumption and ART outcomes,
among couples undergoing ART

Total fish intake is positively
associated with sperm count and
normal sperm morphology, among
men attending a fertility clinic

Nuts intervention improves sperm
count, vitality, motility, and
morphology, among general
population

Walnuts intervention improves sperm
vitality, motility, and morphology,
among general population

Fish oil supplements is positively
associated with semen volume, sperm
count, and testicular size and inversely
associated with FSH and LH levels,
among general population

Increased omega-6:omega-3 PUFA
ratios are associated with increased
implantation and pregnancy rates,
among women undergoing ART
Serum omega-3 concentration is
positively associated with probability of
live birth, among women undergoing
ART

High TFA intake and low omega-3
fatty acid intake is associated with
reduced fecundability, among couples
attempting natural pregnancy

No association between serum
concentrations of omega-3 and
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Nassan et al.
2018 (12)

Al-Safi et al.
2016 (13)

Gaskins et al.

2018 (14)

Present study

Observational
Prospective
interventional

study (non-
RCT)

Observational

Observational

Maternal

Maternal

Paternal and Maternal

Paternal and Maternal

Nuts, and fish
Omega-3 (DHA+EPA)

supplementation

Total fish and shellfish

Omega-3, nuts, and fish

ART outcomes: Fertilization, implantation,
clinical pregnancy, and live birth

Serum LH and FSH (basal and after GnRH
stimulation)

Time to pregnancy and sexual intercourse

- Semen quality: Sperm count and
concentration, motility, and morphology
- ART outcomes: Implantation, clinical
pregnancy, live birth, total and clinical
pregnancy loss

omega-6 fatty acids and the probability
of conceiving, miscarriage, or ovarian
reserve, among couples attempting
natural pregnancy

Fish consumption is positively
associated with probability of live birth,
among women undergoing ART
Omega-3 intervention decreased
serum FSH levels in normal-weight but
not in obese women with normal
ovarian reserve

Higher male and female total fish
intake is associated with a higher
sexual intercourse and shorter time to
pregnancy, among couples attempting
natural pregnancy

Among couples undergoing ART:

- Maternal DHA+EPA intake is
positively associated with probability of
live birth rate and inversely associated
with total and clinical pregnancy loss

- Maternal total fish intake and
shellfish consumption is positively
associated with probability of live birth
rate

- Paternal total omega-3 and ALA
intake is positively associated with
sperm count, concentration, and
motility

1 Omega-3 intake estimated from FFQ.

Abbreviations: ALA, alpha linolenic acid; ART, assisted reproductive techniques; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FSH, follicle-stimulating hormone; LH,

luteinizing hormone; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; RCT, randomized clinical trial; SFA, saturated fatty acids; TFA, trans fatty acids.
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462 couples enrolled between 2007 to 2020

Male partner did not complete a diet
assessment (n=104)

358 couples (791 ART cycles)

Couples treated with 1Ul {n=113)

! 343 men from couples undement U1, lVF or
245 couples (438 ART cycles) ICSI (n=896 semen samples)

Couples where men had already started an
ART cycle before diet assessment (n=16)

229 couples who underwent IVF or lCSI (n =410
ART cycles)
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