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STUDY QUESTION: Are serum omega-3 and omega-6 essential fatty acid concentrations associated with the probability of conceiving?

SUMMARY ANSWER: There is no strong association between serum concentrations of omega-3 and omega-6 fatty acids and the probability
of conceiving naturally.

WHAT IS KNOWN ALREADY: Omega-3 and omega-6 fatty acid serum concentrations have been shown to play an important role in
reproduction in animal models, while conflicting results have been reported in human studies of infertile women. It is unknown to what extent
omega fatty acid serum concentrations impact natural fertility.

STUDY DESIGN, SIZE, DURATION: A nested, case—control study was conducted consisting of 200 participants [fertile: conceived within
3 cycles of attempt (n = 50), subfertile: conceived within 4 and |2 cycles of attempt (n = 100) and infertile: did not conceive within 12 cycles
of attempt (n = 50)] randomly selected from the Time to Conceive cohort, a prospective time-to-pregnancy study (2008 to 2015).

PARTICIPANTS/MATERIALS, SETTING, METHODS: In the Time to Conceive study, women aged 30—44 years who were trying to
conceive for <3 months and had no history of infertility were recruited and followed until the end of their pregnancy or ~| year of pregnancy
attempt. For this study, serum collected early in the woman’s pregnancy attempt was analysed for anti-Mdllerian hormone (AMH) and omega-3
and omega-6 fatty acid concentrations by liquid chromatography-mass spectrometry. The primary outcome was a positive home pregnancy
test. The secondary outcomes were miscarriage and serum AMH level. A discrete-time Cox proportional hazards model was used to estimate
the fecundability ratio. The odds ratios for miscarriage were calculated using logistic regression. The association between serum omega fatty
acid concentrations and AMH level (natural log transformed) was analysed using Pearson’s Correlation.

MAIN RESULTS AND THE ROLE OF CHANCE: A total of 200 women provided 1321 cycles for analysis.

Mean omega-3, omega-6 and omega-6:0mega-3 ratios did not significantly differ between the fertile, subfertile and infertile groups. There were
no associations (all fecundability ratios ~1.0) between pregnancy and individual omega-3 fatty acid concentrations, including alpha-linolenic
acid, eicosapentaenoic acid and docosahexaenoic acid, or omega-6 fatty acids, including linoleic acid (LA), dihommo-gamma linolenic acid and
arachidonic acid. There was no significant association between any individual omega fatty acid serum concentration and the age-adjusted odds
of miscarriage. No association was found between any serum omega fatty acid concentration and AMH.

LIMITATIONS, REASONS FOR CAUTION: This study is limited by the sample size. Omega-3 and omega-6 fatty acid concentrations were
derived from serum provided at a single timepoint in the first cycle of enroliment. Serum concentrations may therefore not be representative of
all critical timepoints in the menstrual cycle or throughout their attempts to conceive. Additionally, women enrolled in this study were 30 years
of age and older, and therefore the findings may not apply to younger women.

WIDER IMPLICATIONS OF THE FINDINGS: These data would suggest that omega-3 and omega-6 serum levels are not associated
with natural fertility or risk of miscarriage. However, due to the above-mentioned limitations, future investigation is still needed to determine
whether omega-3 fatty acid supplementation may benefit women planning to conceive naturally.

STUDY FUNDING/COMPETING INTEREST(S): This study was supported by the Division of Reproductive Endocrinology and Infertility
at the University of North Carolina at Chapel Hill, by the NIH/NICHD (R21 HD060229-01 and ROl HD067683-01) and, in part, by
the Intramural Research Program of the National Institute of Environmental Health Sciences (ZOIES103333). Dr. Jukic received vitamin D
supplements for a research study from Theralogix, Inc. The authors have no other conflicts of interest to disclose.

© The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com



Serum omega fatty acids and natural fertility

951

TRIAL REGISTRATION NUMBER: N/A

Key words: omega-3 fatty acids / fecundability / natural fertility / time to pregnancy / polyunsaturated fatty acids / fecundity / miscarriage

/ ovarian reserve

Introduction

Omega-3 and omega-6 fatty acids are polyunsaturated fatty acids
(PUFA) that perform essential roles in human physiology. Because
the human body cannot produce them, these omega fatty acids are
referred to as ‘essential fats’ that must be consumed from the diet.
The most common omega-3 fatty acids are alpha-linolenic acid (ALA),
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and
the most common omega-6 fatty acids are linoleic acid (LA), dihommo-
gamma linolenic acid (DGLA) and arachidonic acid (AA). Both omega-
3 and omega-6 fatty acids are essential; however, the western diet
contains far more omega-6 fatty acids than necessary (Simopoulos
et al., 2002). The recommended ratio of omega-6 to omega-3 fatty
acids in the diet is 4:1 or less; however, the western diet has a ratio
between [0:1 and 50:1 (Simopoulos et al., 2002). Studies have found
that a lower ratio of omega-6 to omega-3 fatty acid intake improves
health and reduces the risk of many chronic diseases (Simopoulos
et al., 2002; Oscarsson et al., 2017). Omega-3 PUFAs compete for the
enzymes involved in the omega-6 PUFA pathway, creating a system
where increased dietary intake of omega-3 PUFAs may inhibit the
omega-6 PUFA pathway and vice versa (Simopoulous et al., 2002).
Omega PUFAs have been shown to play an important role in
reproductive function through myriad pathways (Wathes et al., 2007).
PUFAs are sources of cholesterol, the precursor for all steroid hor-
mones, and may therefore have direct and indirect effects on steroido-
genesis (Wathes et al., 2007). PUFAs also serve as critical precursors
for prostaglandins, which may impact a multitude of reproductive
processes including, but not limited to, steroidogenesis, follicular mat-
uration, rupture of the follicle in ovulation, fallopian tube motility,
implantation and continued pregnancy (Clark and Myatt, 2008). In
animal models, dietary supplementation with omega fatty acids not
only impacts prostaglandin and ovarian steroid synthesis, but also
improves folliculogenesis, oocyte maturation and ovulation, embryo
quality and implantation, placentation and the female reproductive
lifespan (Downs et al., 2009; Sturmey et al., 2009; Norwitz et al., 2001;
Leghi et al., 2016; Meher et al., 2013; Nehra et al., 2012; Rodriguez
et al., 2018; Gokuldas et al., 2018; Ponter et al., 2012; Elis et al., 2016).
Research in humans in natural fertility is inconclusive and currently
limited to studies on dietary fatty acid intake alone (Mumford et al.,
2016; Chavarro et al., 2007; Wise etal., 2018; Al-Safi etal., 2016;
Chiu et al., 2018a). Data on the impact of omega fatty acid serum
concentrations on natural fertility in women do not exist. Although
there are studies that report on omega PUFA intake and serum concen-
tration in the infertile population among women undergoing assisted
reproductive technologies (ART), these studies have conflicting findings
(Nouri et al., 2016; Vujkovic et al., 2010; Moran et al., 201 6; Jungheim
etal., 2011; and 2013; Chiu et al,, 2018a). Given that the current
literature investigating associations between serum omega fatty acid
concentration and reproduction in humans is limited to the infertile
population and currently inconclusive, the primary aim of our study
was to determine the association between serum omega-3 and omega-

6 fatty acid concentrations and natural fertility. The secondary aims of
our study were to evaluate the relationship between serum omega fatty
acid concentrations and risk of miscarriage, as well as ovarian reserve,
as measured by anti-Mdllerian hormone (AMH) level.

Materials and Methods

This was a case—control study nested in Time to Conceive (TTC), a
prospective, time-to-pregnancy cohort study, which was conducted
from 2008 to August 2015 (Steiner et al., 2017). TTC enrolled 820
women, between the ages of 30 and 44, who were trying to conceive
for <3 months and had no history of or risk factors for infertility.
At enrollment, participants completed a questionnaire on medical and
reproductive history, habits and medication use. In the first or second
menstrual cycle following enrollment, non-fasting women provided
serum on cycle Day 2, 3 or 4, which was stored at —20°C. Serum
samples were analysed for AMH using the Ansh assay. While trying to
conceive, women kept a diary in which they recorded pregnancy test
results. WWomen were provided free pregnancy tests and had standard-
ized pregnancy testing instructions. Women, who reported a positive
pregnancy test, were offered a first trimester ultrasound. Pregnancy
outcomes, including miscarriage and livebirth, were determined. In the
TTC study of 820 women enrolled, 770 women attended a study visit.
Following this, 20 women were excluded due to being lost to follow-
up (n = 13) or because the duration of the pregnancy attempt was
unable to be determined (n = 7). Following participation, women were
censored if they withdrew from the study (n =37), started fertility
treatment (n =47) or were lost to follow-up (n =61), totaling 145
women censored. Of the remaining 605 women, 264 conceived in the
first 3 cycles of the pregnancy attempt, 258 conceived in cycles 4—12
of the pregnancy attempt and 83 did not conceive within |2 cycles of
the pregnancy attempt.

For this nested, case—control study, 50 TTC participants who
conceived in the first three cycles of pregnancy attempt were randomly
selected from the TTC cohort of 605 women and defined as the
fertile group. In addition, 100 TTC participants who conceived in
cycles 4—12 of the pregnancy attempt were randomly selected
from the TTC cohort and defined as the subfertile group. Finally,
50 TTC participants who did not conceive within 12 cycles of
pregnancy attempt were randomly selected from TTC cohort and
defined as the infertile group. Women were selected randomly from
within their strata using Microsoft Excel’s random number generator
function.

Early follicular phase serum samples from these 200 women were
sent to the Metabolomics Facility at Washington University, where
they were analysed for omega-3 fatty acids ALA, EPA and DHA, and
omega-6 fatty acids LA, DGLA and AA using liquid chromatography-
mass spectrometry (LC-MS) to obtain peak area ratio, as previously
described (Jiang et al., 201 |). The omega fatty acids were measured in
the specific lipid fraction of total free fatty acids.
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Statistical analysis

The primary outcome measure for this nested case—control study was
a pregnancy, defined as a positive home pregnancy test. Secondary
outcomes were miscarriage and serum AMH level, a biomarker of
ovarian reserve. Bivariable analyses comparing participant character-
istics and omega serum concentrations between fertile, subfertile and
infertile women were performed using chi-squared test for categorical
variables and analysis of variance (ANOVA) for continuous variables.
We used a discrete-time Cox proportional hazards model to estimate
the fecundability ratio (FR). The FR for exposures modeled as con-
tinuous variables is the relative probability of pregnancy for a unit
change in the exposure. In such models, an FR of <| suggests reduced
fecundability as exposure levels increase. Time was menstrual cycles
at risk of pregnancy (pregnancy attempt cycle). A woman’s current
estimated pregnancy attempt cycle was determined from the time a
woman started trying to conceive, not from the time of enroliment.
The attempt cycle at enrollment was defined by the pregnancy attempt
cycle (usually cycle 1, 2, or 3) in which the woman began participation
in TTC. Women were censored at the time they withdrew, started
fertility medications or were lost to follow-up. Thus, cycles from
enrollment to censoring were included in the analysis.

We used inverse-probability weighting to account for the probability
of being in the analytical sample. This weight was based on the following
two probabilities: the probability of conceiving in a given number of
cycles and the probability of being randomly sampled given the number
of cycles until conception. For this analysis, women were divided into
three strata of interest: conception in cycles |-3, conception in cycles
4-12 or trying to conceive for > 12 cycles. The probability of a woman
being in each of these three strata (Pr(Stratum =i)) was calculated
using life-table methods. For example, the probability of conception
in cycles 1-3 (Pr(Stratum = |)) was calculated as:

Pr (Stratum = I) = | — [(Pr(non — conception in cycle 1))
X (Pr(non — conception in cycle 2
|[non — conception in cycle 1))
X (Pr(non — conception in cycle 3

[non — conception in cycles | and 2))]

where these cycle-specific probabilities were from the entire TTC
study population (see Table | of Steiner et al., 2017).

Probabilities for the other two strata were calculated analogously.
The probability of being randomly sampled (Pr(Sampled|Stratum =1i))
from within the first two strata was calculated as the number of
women drawn from that stratum divided by the number of women
who conceived in that stratum. The probability for selection from the
third stratum was calculated as the number of women selected from
that stratum divided by the number of women whose attempt lasted
longer than 12 cycles. The final analysis weight was defined as:

|
Pr (stratum = i) x Pr (sampled|stratum = i)

weight; =

We initially evaluated the distribution of serum omega-3 and omega-
6 fatty acids in both tertiles and quartiles but we did not see any

evidence of non-linearity and so the linear parameterization was cho-
sen. All omega fatty acid variables were multiplied by 100 except for
LA, which is present at a relatively higher concentration than the other
measured omega fatty acids. Other multiplications were explored and
multiplying by 100 led to the most stable estimates; therefore for LA,
the FRs represent a | pmol/ml increase in concentration. All other
omega fatty acid variables were multiplied by 100 and therefore the
FRs representa | /100 pmol/ml change in concentration.

Covariates found to be associated with omega levels in bivariate
analyses were added to the model and maintained if they were clin-
ically significant or significantly impacted the FR by at least 10%. The
final model included only age, modeled categorically (<35 years, 35—
37 years, >38 years).

Bivariate analyses of serum omega fatty acid concentrations by preg-
nancy outcome (live birth versus miscarriage) were performed using
Student’s t-test. The odds of miscarriage by serum omega fatty acid
concentrations were calculated using multiple logistic regression mod-
eling adjusting for age, modeled as a categorical variable (<35, 35-37
and >38 years, respectively). The association between serum omega
fatty acid concentrations and AMH level (natural log transformed)
was analysed using Pearson’s Correlation. P < 0.05 was considered
statistically significant. All statistical analyses were performed using
Stata 15.0.

Results

A total of 200 women provided 1321 cycles for analysis. The mean age
of participants was 33.27 = 3.20 years. Most women were Caucasian,
well-educated, married, non-smokers and of normal weight. Nearly
half of the participants had conceived previously (Table I). Mean omega
fatty acid serum concentrations by participant characteristics are pre-
sented in Supplemental Table SI.

Comparisons between the fertile (women who conceived within
3 cycles of attempt), subfertile (women who conceived within
4-12 cycles of attempt) and infertile (women who did not conceive
after 12 cycles of attempt) groups are presented in Table |. Female age
was lower and AMH was higher in the fertile group compared to the
other two groups. Fertile and subfertile women were more likely to
be married to their partners than infertile women.

In analyses comparing serum omega fatty acid concentrations
between groups, mean omega-3 or omega-6 serum concentrations
did not significantly differ between fertile, subfertile or infertile women
(Table ). Age-adjusted fecundability ratios by serum essential fatty acid
concentration are presented in Table Il. As adjustment for AMH level
did not substantially change these estimates, and it was not associated
with the probability of pregnancy in the TTC cohort, it was not included
in the model (Steiner et al., 2017). There was no strong nor statistically
significant associations between serum concentrations of omega-3
or omega-6 fatty acids and the probability of conceiving in a given
menstrual cycle.

Bivariate analyses comparing serum omega fatty acid concentration
and pregnancy outcome (live birth versus miscarriage) are presented
in Table Ill. Women who miscarried had significantly higher EPA
concentrations (0.06 +=0.005 pmol/ml vs 0.04+0.003 pmol/ml
[mean =+ standard deviation]); however, after adjusting for age and
stratum, the risk of miscarriage did not differ by EPA concentration
(Table Ilf).
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Table I Participant characteristics comparing fertile, subfertile and infertile women.

Fertile pregnant Subfertile pregnant Infertile P-value
1-3 months 4-12 months (n =50)
(n =50) (n=100)

Mean £ SD or n (%)

Age (years) 32424282 33.00£2.92 34.64+3.68 0.001
30-34 38 (76.00%) 77 (77.00%) 25 (50.00%)
35-37 9 (18.00%) 14 (14.00%) 15 (30.00%)
38-44 3 (6.00%) 9 (9.00%) 10 (20.00%)
BMI (kg/m?) 24.55+4.88 2471 £5.09 2499 £5.55 0.909
<18.50 2 (4.00%) 0 (0%) | (2.00%)
18.50-24.99 33 (66.00%) 70 (70.00%) 25 (50.00%)
25.00-29.99 9 (18.00%) I5 (15.00%) I'l (22.00%)
>30 8 (16.00%) 20 (20.00%) 8 (16.00%)
AMH (ng/ml) 5.70+5.04 3.93+3.44 3.14+2.84 0.003
Previous Pregnancy 22 (44.00%) 45 (45.00%) 20 (40.00%) 0.841
Regular periods 40 (80.00%) 84 (84.00%) 45 (90.00%) 0.378
Menstrual cycle length (days) 29.96 £4.36 29.29+7.04 28.47 +£2.68 0.412
Race 0.183
White 40 (80.00%) 80 (80.00%) 31 (62.00%)
Non-White 10 (20%) 20 (20%) 19 (38%)
Education level 0.205
College or less Il (22.00%) 25 (25.00%) 17 (34.00%)
Some graduate school or more 39 (78.00%) 75 (75.00%) 33 (66.00%)
Married 49 (98.00%) 95 (95.00%) 39 (78.00%) 0.002
Smoking status 0.117
Never 42 (84.00%) 72 (72.00%) 42 (84.00%)
Past 7 (14.00%) 27 (27.00%) 6 (12.00%)
Current | (2.00%) | (1.00%) 2 (4.00%)
History of depression I'l (22.00%) 37 (37.00%) 13 (26.00%) 0.124
Hormonal contraceptive use in 10 (20.00%) 29 (29.00%) 11 (22.00%) 0.415
previous 3 months
Hormonal contraceptive use in 23 (46.00%) 45 (45.00%) 17 (34.00%) 0.371
previous year
Intercourse frequency per week 2.17+1.22 2.08+ 1.40 2.14+1.28 0914
Intercourse frequency during fertile 47.85% +23.07% 43.26% %+ 19.55% 38.89% £ 25.00% 0.468
window (percentage of fertile
days)*
Hours of vigorous exercise in the 0.700
past month*
Oh 5 (10.00%) 13 (13.00%) 5 (10.00%)
<lh 7 (14.00%) 23 (23.00%) 15 (30.00%)
[-3h 12 (24.00%) 36 (36.00%) 17 (34.00%)
4-7h 12 (24.00%) 21 (21.00%) 8 (16.00%)
>7h 5 (10.00%) 6 (6.00%) 4 (8.00%)
Unsure 9 (18.00%) I (1.00%) | (2.00%)
Number of caffeinated beverages 1.27+0.78 1.13£0.99 I.14£0.80 0.72
per day*
Number of alcoholic beverages per 8.00£09.13) 7.77+£9.49 5.06£7.08 0.169
month*

AMH, anti-Mdillerian hormone; ANOVA, analysis of variance; BMI, body mass index; SD, standard deviation.
Chi-squared test for categorical variables, ANOVA for continuous variables.
*As reported in the first cycle of enrollment.
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Table Il Omega fatty acid serum concentrations, presented with the mean + SD, in fertile, subfertile and infertile women
with age-adjusted fecundability ratios.

Omega fatty acid Fertile pregnant Subfertile pregnant Infertile P-value* Age-adjusted
1-3 months (n =50)  4-12 months (n =100) (n=50) fecundability ratio™
(95% ClI)

Omega-3
ALA 0.054£0.045 0.0431+0.031 0.050+0.043 0.201 0.98 (0.96, 1.01)
EPA 0.004+0.003 0.005+0.037 0.004+0.029 0.363 0.88 (0.75, 1.03)
DHA 0.023+£0.014 0.025+0.016 0.024+0.012 0.829 0.95 (0.79, 1.14)
Omega-3 PUFA* 0.082 £0.056 0.073 +£0.043 0.080+0.53 0.507 0.99 (0.96, 1.01)
Long-chain omega-3 PUFA® 0.028+£0.017 0.030+0.019 0.028+£0.015 0.737 0.97 (0.91, 1.04)

Omega-6
LA 0.595+0.468 0.5224+0.371 0.605+0.472 0.423 0.85 (0.66, 1.09)
DGLA 0.007 £0.004 0.007 +0.004 0.007 +0.003 0.958 1.01 (0.73, 1.40)
AA 0.046£0.018 0.048+0.018 0.048+0.015 0.798 0.97 (0.91, 1.03)
Omega-6 PUFA® 0.648 £0.486 0.577+£0.386 0.671 +0.484 0.402 0.86 (0.69, 1.09)
Ratio of omega-6 to omega-3 8.075+2.283 7.86+2.068 8.500+2.620 0.277 1.01 (0.97, 1.06)
Ratio of LA to ALA 12.122 £3.246 13.125+£4.395 12.816£3.812 0.348 1.04 (0.79, 1.36)
Total PUFA 0.730+£0.538 0.650+0.426 0.751 £0.533 0411 0.87 (0.71, 1.08)

*ANOVA.

**For LA, Omega-6 PUFA and Total PUFA the fecundability ratio is for a | pmol/ml increase in concentration. All other omega fatty acid variables were multiplied by 100 and
therefore the fecundability ratio represents a | /100 umol/ml change in concentration.

2Sum of ALA, EPA, DHA.

bSum of EPA, DHA.

“Sum of LA, DGLA, AA.

AA, arachidonic acid; ALA, alpha linolenic acid; ANOVA, analysis of variance; Cl, confidence interval; DGLA, dihommo-gamma linolenic acid; DHA, docosahexaenoic acid; EPA,
eicosapentaenoic acid; LA, linoleic acid; PUFA, polyunsaturated fatty acids.

Because of using inverse probability weighting, the 95% Cls were calculated using robust variance.

Table Ill Omega fatty acid serum concentrations, presented as mean + SD, by pregnancy outcome, with age-adjusted
OR for risk of miscarriage.

Omega fatty Miscarriage Live birth P-value* Age-adjusted
acid (n=36) (n=114) OR** (95% CI)
Omega-3
ALA 0.047 +£0.034 0.048 £0.038 0.930 1.01 (0.92, 1.12)
EPA 0.006 +0.005 0.004 £0.003 0.030 1.32 (1.00, 1.47)
DHA 0.026 +0.017 0.024+£0.015 0.502 I.11(0.87, 1.41)
Omega-6
LA 0.5544+0.347 0.560 £0.429 0.942 1.09 (0.42, 2.80)
DGLA 0.007 +0.004 0.007 £0.003 0.715 1.42 (0.57, 3.5)
AA 0.049+0.016 0.047£0.019 0.658 1.09 (0.89, 1.32)
Ratio of LA to 13.270£5.137 12.710+3.787 0.481 1.02 (0.93, 1.13)
ALA

*Student’s t-test.

**For LA, the OR is for a | pmol/ml increase in concentration. All other omega fatty acid variables were multiplied by 100 and therefore the fecundability ratio represents a

| /100 pmol/ml change in concentration.

OR, odds ratio.

Due to using inverse probability weighting, the 95% Cls were calculated using robust variance.
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Table IV Correlation between serum omega fatty acid
concentrations and AMH level.

Omega fatty acid

Pearson’s coefficient, r

Omega-3
ALA 0.049
EPA —0.086
DHA —0.037
Omega-3 PUFA® 0.021
Long chain omega-3 PUFA® —0.048

Omega-6
LA 0.011
DGLA 0.004
AA —0.061
Omega-6 PUFA® 0.009
Ratio of omega-6 to omega-3 —0.085
Ratio of LA to ALA —0.005
Total PUFA 0.010

P non-significant for all (P > 0.05).
2Sum of ALA, EPA and DHA.
bSum of EPA and DHA.

“Sum of LA, DGLA and AA.

There was no strong nor statistically significant correlation between
any individual serum essential fatty acid concentration and AMH
(Table IV).

Discussion

In this nested case—control study from a prospective time to
pregnancy cohort study, serum omega fatty acid concentrations did
not significantly differ between fertile women who conceived in the
first 3 months of trying, subfertile women who conceived within
4-12 months of trying and infertile women who did not conceive after
|2 months of trying. There was no strong association between serum
concentrations of omega-3 and omega-6 fatty acids and the probability
of conceiving in a given menstrual cycle. There was no significant
association between omega fatty acid serum concentrations and the
risk of miscarriage. There was no correlation between any individual
omega fatty acid concentration and ovarian reserve as measured by
the biomarker, AMH.

The findings from our study suggest that omega-3 and omega-
6 serum concentrations are not significantly associated with natural
fertility. Omega fatty acid metabolism and physiologic downstream
pathways are complex, and it is therefore unclear whether our findings
suggest that increased omega-fatty acid intake does not significantly
impact natural fertility as well. While our study is the first to evaluate
omega fatty acid serum concentrations and natural fertility, several
studies have evaluated omega fatty acid intake and natural fertility
with conflicting findings. In the PRESTO study of women in North
America, increased omega-3 fatty acid intake was associated with
higher fecundability; however, no association was found in the Snart
Foraeldre Denmark cohort (Wise et al., 2018). Although of note, the
Snart Foraeldre Denmark cohort had a higher median intake of omega-

3 fatty acids, and low intake of omega-3 fatty acids in this population
was uncommon, possibly explaining the lack of association because of
a threshold effect. The Biocycle study reported that increased omega-3
PUFA intake lowers the risk of anovulation; however, the NHS-II study
found no association between omega-3 intake and ovulatory infertility
(Mumford et al., 2016; Chavarro et al., 2007). Interestingly, Gaskins
and colleagues in the LIFE study evaluated fish intake (the main source
of marine omega-3 fatty acids in the United States population) and
time to pregnancy and found that prospective seafood intake in cycles
was associated with fecundity after multivariable adjustment; however,
baseline seafood intake was not (Gaskins et al., 2018). Baseline seafood
intake was defined as the monthly intake in the |2 months preceding
enrollment in the study. In our study, omega fatty acid concentra-
tions were assessed at baseline and likely also reflect prior intake
of omega fatty acids. Thus, our findings are consistent with that of
Gaskins et al.

While studies on omega fatty acid intake in natural fertility are
conflicting, studies in the infertile population consistently report favor-
able associations between omega-3 fatty acid intake and reproductive
endpoints in women undergoing ART (Nouri et al., 2016; Vujkovic
et al,, 2010). Our study’s primary outcome was a positive pregnancy
test, which most closely corresponds to the outcome of implantation in
the ART literature. Interestingly, the studies on serum omega fatty acid
concentration and reproductive outcomes in ART have incongruous
findings. Jungheim et al., 201 | and 2013 found that increasing fasting
serum concentrations of the specific omega-3 fatty acid ALA was
associated with decreased chances of pregnancy and, in a subsequent
study, found that a higher omega-6 to omega-3 ratio (LA:ALA) in
fasting serum was associated with higher implantation and pregnancy
rates (Jungheim etal., 2011 and 2013). Conversely, in the EARTH
cohort, serum omega-3 PUFA concentrations and intake were posi-
tively associated with the probability of pregnancy and live birth and
no association was found after analysing omega-6 concentrations or
the omega-6 to omega-3 ratio (Chiu et al., 2018b). In a recent review
of the literature on omega fatty acids, Chiu et al. (2018a) balanced
these conflicting studies in both the fertile and infertile populations and
concluded that higher omega-3 fatty acids may enhance female fertility.
However, our findings may challenge this conclusion.

No previous studies have evaluated omega PUFA serum concen-
tration and the risk of miscarriage. However, omega-3 and omega-6
fatty acids are the direct precursors of prostaglandins. Suppression
of uterine prostaglandin synthesis is important for maintenance of
early pregnancy. Thus omegas could theoretically impact prostaglandin
biosynthesis and metabolism and, in this way, impact early pregnancy
(Clark et al., 2008). However, our study found no association with
omega fatty acid serum concentrations and the risk of miscarriage.

Our study found no association between omega fatty acid concen-
trations and women’s AMH level. This finding in humans differs from an
animal model wherein delayed ovarian aging was observed in murines
with higher dietary omega-3 fatty acid intake (Nehra et al., 2012).
Interestingly, in reproductive aged women with normal ovarian reserve
(defined by normal AMH level with regular monthly menstrual cycles),
decreased serum levels of FSH have been observed in normal weight
but not obese women who received dietary administration of omega-
3 fatty acids (Al-Safi et al., 2016). However, that study also found no
significant impact on AMH level following increased dietary omega-3
fatty acid intake, supporting our current findings. Future studies may be
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indicated to analyse multiple biomarkers of ovarian reserve and more
fully investigate omega fatty acids and the female reproductive lifespan.

Our study has several limitations. First, this study is limited by the
sample size. Second, omega-3 and omega-6 fatty acid concentrations
were derived from serum provided at a single timepoint in the first
cycle of enrollment. Serum concentrations reported in our study may
therefore not be representative of each subsequent attempt cycle
or the cycle in which conception occurred. Third, the serum half-
lives of omega-3 fatty acids range from as short as | h for ALA,
to 20 h for DHA and as much as 67 h for EPA (Pawlosky etal.,
2001). The serum concentrations found in our study may therefore
not be representative of the levels of omega fatty acids present in the
serum or the body at critical points in the menstrual cycle and early
pregnancy. However, prospective epidemiologic studies generally rely
on one baseline biologic sample from participants for measurement
of prognostic biomarkers in an assumption that one measurement
adequately represents participants’ typical levels. While not published
on omega fatty acids in particular, studies on Vitamin D levels over
time have revealed that participants are consistent in their daily habits
and intake and that a single, baseline value is reasonably representative
of their serum levels over time (Sonderman etal., 2012). Fourth,
conception, not live birth, was the primary outcome. However, the
concentrations were not associated with the age-adjusted odds of
miscarriage, therefore, the findings most likely also relate to probability
of live birth. Fifth, women enrolled in this study were older, aged 30—
44 years. Therefore, our findings may not be generalizable to younger
women trying to conceive. Sixth, a possible limitation is that the serum
samples in our study were collected from non-fasting women. This may
impact the results as serum free fatty acid levels are lower in non-fasting
individuals, and higher in fasting individuals (Collins et al., 2019). Both
studies by Jungheim et al., 201 | and 2013 evaluating omega fatty acid
concentrations and ART outcomes in the infertile population analysed
fasting serum, and it is not clear in the EARTH cohort by Chui and
co-workers whether serum was drawn fasting or non-fasting women
(Jungheim et al., 201 | and 2013; Chiu et al., 2018a).

This study has several strengths. First, it is a nested case—control
study from a prospective TTC cohort. Its prospective design allowed
for inclusion of participants with the full range of natural fertility.
Second, most women included in the study enrolled during their first
three menstrual cycles of their attempt to conceive. Enrolment of
women later selects a less fertile cohort, since only 50% of women are
likely to conceive in the first three cycles (Steiner et al., 2017). Third,
the study protocol standardized the outcome measure. This was done
by providing women with free pregnancy tests and instructing them on
when to perform the pregnancy test. Thus, the sensitivity of the test
was the same for all, and the pre-set timing of the testing minimized
the potential for differential identification of pregnancies. Fourth, the
omega PUFA were analysed using mass spectroscopy performed in
the Metabolomics Facility at Washington University, which is the same
laboratory and processes used in previous studies analszing serum
PUFA in the infertile population (Jungheim et al., 201 | and 201 3). Fifth,
multiple omega-3 and omega-6 metabolites were analysed to account
for complex physiologic omega fatty acid metabolism pathways.

In conclusion, high serum omega-3 concentrations do not appear to
positively impact natural fertility and high omega-6 concentrations do
not appear to negatively impact it. Omega-3 and omega-6 concentra-
tions do not appear to affect the risk of miscarriage. They also do not

appear to negatively or positively impact ovarian reserve. While we
did not find an association with serum levels, future studies are needed
to determine the extent to which supplementation with omega-3s may
impact natural fertility.

Supplementary data

Supplementary data are available at Human Reproduction online.
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