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ABSTRACT

Background: Maternal status of long-chain PUFAs (LC-PUFAs) may be related to fetal growth. Maternal fish
consumption exposes the mother to the neurotoxicant methylmercury (MeHg), which, in contrast, may restrict fetal
growth.

Objective: Our aim was to examine relations between maternal LC-PUFA status at 28 wk and birth outcomes (birth
weight, length, and head circumference), controlling for MeHg exposure throughout pregnancy, in the Seychelles Child
Development Study Nutrition Cohort 2. Our secondary aim was to examine the influence of maternal variation in genes
regulating the desaturation of LC-PUFAs [fatty acid desaturase (FADS)] on birth outcomes.

Methods: From nonfasting blood samples collected at 28 wk of gestation, we measured serum total LC-PUFA
concentrations and FADST (rs174537, rs174561), FADS1-FADSZ2 rs3834458, and FADSZ2 rs174575 genotypes, with hair
total mercury concentrations assessed at delivery. Data were available for n = 1236 mother—child pairs. Associations
of maternal LC-PUFAs, MeHg, and FADS genotype with birth outcomes were assessed by multiple linear regression
models, adjusting for child sex, gestational age, maternal age, BMI, alcohol use, socioeconomic status, and parity.
Results: In our cohort of healthy mothers, neither maternal LC-PUFA status nor MeHg exposure were significant
determinants of birth outcomes. However, when compared with major allele homozygotes, mothers who were
heterozygous for the minor allele of FADST (rs174537 and rs174561, GT compared with TT, 8 = 0.205, P = 0.03; TC
compared with CC, B =0.203, P=0.04) and FADST-FADSZ2 (rs3834458, Tdel compared with DelDel, 8 =0.197 P=0.04)
had infants with a greater head circumference (all P < 0.05). Homozygosity for the minor allele of FADS2 (rs174575) was
associated with a greater birth weight (GG compared with CC, g = 0.109, P = 0.04).

Conclusions: In our mother—child cohort, neither maternal LC-PUFA status nor MeHg exposure was associated with
birth outcomes. The observed associations of variation in maternal FADS genotype with birth outcomes should be
confirmed in other populations. J Nutr 2020;150:1749-1756.

Keywords: maternal nutrition; long chain polyunsaturated fatty acids, methylmercury, birth outcomes, fatty acid
desaturase (FADS) genotype, Seychelles Child Development Study

Introduction

Maternal nutritional status is an important determinant of
infant birth size, which is hypothesized to predict health
outcomes throughout the life span (1, 2). Of particular
interest are the n-3 (w-3) long-chain PUFAs (LC-PUFAs) EPA
(20:5n-3) and DHA (22:6n-3), of which adequate prenatal
availability has been linked to a longer gestation, greater birth
weight, and a lower risk of pregnancy complications (3-7).

Copyright © The Author(s) on behalf of the American Society for Nutrition 2020.

Arachidonic acid (AA; 20:4n-6), a long chain n—-6 PUFA, is
transferred to the fetus in the third trimester for neurodevel-
opment and is a significant component of structural membrane
lipids (8). Clinical evidence supports a relation between higher
maternal AA status and fetal growth (8, 9). Yet, higher status
of maternal AA, a precursor of proinflammatory eicosanoids,
has also been inversely associated with birth weight by various
prospective studies (3, 10, 11). Collectively the n-3 and n-
6 LC-PUFAs have important roles in cell membrane function,
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energy storage, and oxygen transport. This may partially
explain why greater prenatal concentrations have been most
frequently reported to favorably modify birth outcomes (3).
However, their circulating concentrations fluctuate throughout
gestation and their effects on inflammation, blood viscosity,
and platelet aggregation, which may also impact fetal growth,
differ according to the balance of n-6:n-3 LC-PUFA-derived
eicosanoids (12).

Studies that have examined associations between birth
weight and maternal intake of fish, the richest dietary source
of n-3 LC-PUFAs, have shown conflicting results. Some
have reported increasing birth weight with increasing fish
consumption (4, 13) and gestational age (14, 15), while others
have reported a negative or null association with birth outcomes
(14,16-19). Other constituents of fish, which are not accounted
for when examining fish consumption, may help explain these
inconsistent findings. Several studies have suggested the balance
between nutrients and potential contaminants in fish may be
particularly important in determining fetal growth and birth
size. Ramon et al. (20) analyzed mother—child data from the
Spanish INfancia y Medio Ambiente (INMA) study, where
the study population consumed a low to moderate intake of
seafood (<635 g/d). They reported a greater risk of infants being
small for gestational age (SGA) when mothers consumed >2
portions/wk of large oily fish, but a lower risk of being SGA
when mothers consumed >2 portions/wk of canned tuna and
lean fish. Differential findings with the amount and type of fish
have also been reported from the Danish National Birth Cohort
Study (21). All fish contain small amounts of the potential
neurotoxin methylmercury (MeHg), concentrations of which
bioaccumulate in higher-order predatory fish species. MeHg
readily crosses the placenta and detrimental associations have
been reported between maternal MeHg exposure and both
birth weight and head circumference (22-24). Others, however,
including our own previous study in the Republic of Seychelles
where there are few other marine pollutants, have shown no
associations (25-28). With seafood as their primary dietary
source, it is important to account for both the mother’s exposure
to n-3 LC-PUFAs and MeHg to avoid underestimating their
respective associations with fetal growth.

There is a need to explore whether genetic variation may
help explain some of the inconsistencies found between studies
in this field. We, and others, have previously confirmed that
variation through single nucleotide polymorphisms (SNPs) in
genes encoding the A5 and A6 fatty acid desaturases (FADS1
and FADS2, respectively) determine maternal concentrations
of LC-PUFAs (29). Two recent studies have suggested that
FADS genotype might modify associations between LC-PUFA
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intake and birth weight. Minor allele carriers of rs174556
(TT) were reported to have shorter pregnancies and lower-
weight infants than major allele carriers (30, 31). In the
latter study, mothers who were minor allele carriers with
high DHA intakes had significantly heavier infants than the
homozygous reference genotype, suggesting that LC-PUFA
intake and genetic makeup may interact in their associations
with birth weight. This association was supported by results
of a DHA supplementation trial, which showed differential
responses to DHA supplementation on birth weight across
FADS genotypes whereby mothers who received DHA gave
birth to significantly heavier infants compared with those in
the placebo group, but only if they were carriers of the minor
FADS?2 rs174602 allele (32).

The primary aim of this study was to investigate relations
between maternal LC-PUFA status at 28 wk and birth outcomes
(birth weight, length, and head circumference), while adjusting
for maternal MeHg exposure, in the high-fish-eating Seychelles
Child Development Study (SCDS) Nutrition Cohort 2 (NC2).
The secondary aim was to determine whether maternal FADS
genotype is associated with birth outcomes.

Methods

Study population

The NC2 cohort is part of the SCDS, an ongoing multicohort observa-
tional study with the overall aim of investigating associations between
prenatal MeHg exposure and child neurodevelopment. Mothers were
recruited for NC2 during their first antenatal visit (from 14 wk of
gestation) at 8 health centers on Mahé, the main island of the Republic
of Seychelles, between January 2008 and January 2011. Inclusion
criteria for NC2 included being native Seychellois, being >16 y of age,
having a singleton pregnancy, and with no obvious health concerns
(33). The study was reviewed and approved by the Seychelles Ethics
Board and the Research Subjects Review Board at the University of
Rochester.

Blood sampling and fatty acid analysis

Nonfasting blood samples were collected at 28 wk of gestation, from
which serum was obtained and shipped at —80°C to Ulster for PUFA
analysis. Serum lipids were extracted according to an adaptation of
the Folch et al. method (1957) (34) as previously described (33).
FAMEs were prepared using boron trifluoride methanol (BF3; Sigma
Aldrich UK) and quantified by GC-MS (Agilent 7890A-5975C) with
reference to the internal standard, which was added to each sample
prior to extraction (heptadecaenoic acid, C17:0; Sigma Aldrich UK).
The analysis was completed in split mode using a BPX70 capillary
GC column (SGE Analytical Science) (length, 100 m; internal diameter,
250 pum; and film thickness, 0.25 wm) with helium as the carrier gas
(constant flow at 1.0 mL/min). Samples were injected (1 L) at a
temperature of 130°C, which was then ramped at 15°C/min to 200°C
and 30°C/min to 250°C where it was held for 5§ min. MS was operated
in positive-ion mode using electron ionization, and a mass range of
50-500 Da was selected for total ion chromatogram acquisition. In
the current analysis we summed maternal concentrations of n-3 LC-
PUFAs (EPA + DHA) and also assessed concentrations of the n—6 LC-
PUFA AA. Absolute concentrations of serum total PUFAs are reported
as milligrams per milliliter.

Prenatal mercury analysis

From maternal hair samples collected at delivery, concentrations of total
mercury were determined by atomic absorption MS at the University of
Rochester as previously described (33), where the longest hair segment
available was taken to reflect exposure throughout pregnancy.
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Birth outcomes

Birth weight (kilograms), length (centimeters), and head circumference
(centimeters) were assessed at birth by trained nurses to the nearest 2
decimal places using routine clinical procedures and standardized scales.

Genotyping

Maternal whole-blood samples, collected at 28 wk of gestation,
were shipped at —80°C to Lund University, Sweden, for genotyping.
Four candidate SNPs—FADS1 rs174537 and rs174561, FADS1-S2
intergenic rs3834458, and FADS2 rs174575—were selected based on
epidemiological evidence of having an association with LC-PUFA status
(29). As previously described (29), DNA was extracted using the Qiagen
DNA Blood Mini Kit (Qiagen), and genotyping was performed by
iPLEX Gold assay on the MassARRAY platform (Sequenom) and
by TagMan allelic discrimination assay on an ABI 7900 instrument
(Applied Biosystems), according to the manufacturer’s instructions.

Covariates

We selected covariates a priori from our previous studies of birth
outcomes (25), namely child sex, gestational age, maternal age, alcohol
use, Hollingshead socioeconomic status (SES), parity (number of
children), and maternal BMIL. Due to its very low prevalence (0.9% of
cohort), we did not adjust for smoking.

Mothers reported information about their age, parity, gestational
diabetes, Hollingshead SES, and alcohol use during pregnancy (yes or
no) using questionnaires administered by trained nurses at enrollment
to the study. Child sex and gestational age (weeks) were recorded at
delivery. When their infants were ~20 mo of age, Hollingshead SES was
assessed using a modified index relevant to the Republic of Seychelles
(35). We combined occupational and educational codes as previously
described into a continuous SES score (35). Height and weight of
the mothers were obtained at the child’s 20-mo examination, from
which their postnatal BMI was calculated [BMI = weight (kg)/height
(m?)]. Data on prenatal BMI were unavailable in this cohort. However,
maternal postnatal BMI at 20 mo can be considered a reasonable
surrogate for prepregnancy BMI in the Seychelles, based on data from
our earlier Nutrition Cohort 1 (NC1), in which the correlation between
BMI in early pregnancy and postnatal BMI, as measured at 19 mo, was
0.93 (36).

Statistical analysis

From a total cohort of 7 = 1536 we excluded mothers with an extreme
gestational age (preterm birth defined as <34 wk; #» = 13), mothers
who had an infant with a very low birth weight (<1.5 kg; n = 4) or
extreme head circumference (>38 cm; 7 = 2), mothers whose infants
died at birth or neonatally (7 = 9) or were born with a severe mental or
physical disability (7 = 2), mothers with serious gestational problems
(including pre-eclamptic seizure and problems with insulin medication;
n = 3), mothers without consent (7z = 1), underage mothers (n = 1),
those who gave birth to twins (7 = 34), and those with >1 child
in the cohort (n = 13). We excluded a further n = 6 observations
missing all birth-outcome data and #» = 13 missing gestational age
data, leaving a total cohort of #n = 1435. Due to a low number of
mothers with gestational diabetes (7 = 6), we did not exclude these
from our analysis. A further 199 (14%) subjects were excluded due to
missing data for model covariates. As suggested by Hoenig and Heisey
(37), post hoc power calculations may lead to inaccurate interpretations
of experimental data and, for this reason, were not conducted in our
analysis.

Distributions of maternal and child characteristics were first
examined, followed by Pearson’s correlations to examine bivariate
associations of each covariate with birth outcomes. Each of the 4 SNPs
were treated as categorical variables with 3 levels. All other variables
were treated as continuous variables, with the exception of alcohol and
child sex, which were categorical variables (0 if mother did not drink
and 1 if mother did drink alcohol during pregnancy; 0 if child is female
and 1 if child is male).

Three categories of models were planned a priori. Within each model
category, we fit a separate model for each birth outcome. Our primary

models adjusted for AA and the sum of EPA and DHA (EPA + DHA),
both without and with adjustment for MeHg. We also fit models
examining the association between MeHg and each birth outcome that
did not adjust for LC-PUFAs to determine whether LC-PUFAs confound
the MeHg association (and vice versa). In secondary models that
adjusted for the same covariates, but without LC-PUFAs, we examined
each of the 4 FADS genotypes separately as primary predictors of birth
outcomes, both with and without concurrent adjustment for maternal
MeHg exposure. In each secondary model, the homozygous FADS
genotype was the reference group. We fit an additional set of tertiary
models to examine the interactions between maternal LC-PUFAs and
each maternal FADS genotype on birth outcomes. Each tertiary model
included an n-3 LC-PUFA interaction term (EPA + DHA x FADS) and
an n—6 LC-PUFA interaction term (AA x FADS). Because each FADS
genotype has 3 possible levels, the interaction model allows the slope
for LC-PUFAs to differ for each FADS variant. For example, the FADS1
rs174537 model included an AA x FADS (GG, GT, or TT) interaction
term with the following 3 levels: AA x GG, AA x GT, and AA x TT,
where GG is the homozygous major allele (or reference genotype). These
models were re-parameterized to include a slope (8) for each interaction
term level, which represented the true slope for observations with that
corresponding FADS variant. This model did not include MeHg. All
tests were 2-sided and statistical significance was determined using
P < 0.05.

Where mothers were missing >1 covariate, we classified these
observations as missing in the analysis; this resulted in a total of
n=1111 in models examining LC-PUFAs and MeHg, 7 = 1189 in FADS
models without MeHg, and 7z = 1102 in FADS models with MeHg. The
interaction model included # = 1178 mothers. Supplemental Figure 1
shows the distribution of participant numbers in our analysis.

Results

Table 1 shows the descriptive characteristics of the complete
NC2 cohort of 1236 mother—child pairs with available data for
any of the models in the current analysis. Table 2 presents the
frequency of each FADS genotype and allele presentation among
NC2 mothers. As we have previously reported for this cohort,
the minor allele frequencies for the FADS SNPs are lower in the
Seychellois population compared with European and African
populations (29). The frequency of mothers homozygous for
each FADS minor allele was <5.5%. Three of the SNPs (FADS1
rs174561 and rs174537, FADS1-FADS2 intergenic rs3834458)
exist in high linkage disequilibrium as previously reported (29).

Maternal PUFA status and MeHg exposure

Table 3 presents the results of primary multiple regression
models examining associations between maternal LC-PUFA
status, MeHg exposure, and birth outcomes. Maternal LC-
PUFA status was not found to be associated with birth
weight, length, or head circumference, either with or without
adjustment for MeHg. MeHg was not associated with any of
the birth outcomes.

FADS genotype

Results of the secondary multiple regression models examining
associations between maternal FADS genotype and birth out-
comes are shown in Table 4. Results from the models without
MeHg adjustment are available in Supplemental Table 1.
Compared with the major allele homozygotes, having 1 copy of
the minor allele for FADS1 rs174537 (genotype GT), rs174561
(genotype TC),and FADST1-FADS?2 rs3834458 (genotype Tdel),
as well as 2 copies of minor allele for FADS2 rs174575
(genotype GG), was predictive of having significantly greater
birth weight (Supplemental Table 1). Following adjustment for
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TABLE 1 Characteristics of mothers and infants in NC2 with complete data after missing covariate

exclusions'

Females (n = 588)

Males (n = 648)

Maternal age at enrollment, y
Gestational age, wk

Parity

Hollingshead SES

BMI, kg/m?

Prenatal hair mercury, ppm
Maternal serum EPA 4+ DHA, mg/mL
Maternal serum AA, mg/mL
Birth weight, kg

Birth length, cm

Head circumference, cm

26.70 £ 6.12[16.10-43.95]
39.07 £ 1.31[34.00-41.00]
0.85 + 1.04[0-6.00]
32.11 £ 10.25[14.00-63.00]
26.66 + 6.61[14.67-49.60]
3.90 £ 3.47[0-31.66]
0.24 + 0.09[0.09-0.60]
0.20 + 0.08 [0.04-0.38]
3.13 + 0.44[1.62-4.51]
50.78 + 3.21[32.00-58.50]
33.57 £ 1.54(28.00-38.00]

27.03 + 6.42[16.03-46.56]
39.08 £ 1.41[34.00-41.00]
0.93 + 1.17[0-8.00]
32.02 + 10.51[14.00-63.00]
27.12 £ 6.46[14.71-48.88]
3.96 + 3.52[0.03-29.14]
0.24 + 0.09[0.09-0.57]
0.20 + 0.08 [0.04-0.38]
3.26 + 0.48[1.74-5.20]
51.45 + 3.13[34.00-60.00]
33.97 £ 1.56(28.00-38.00]

"The total number of participants was n = 1236; values are means =+ SDs [range, minimum-maximum]. AA, arachidonic acid; NC2,

Nutrition Cohort 2; SES, socioeconomic status.

MeHg, only the association between FADS2 rs174575 minor
allele homozygosity and a greater birth weight than major
allele homozygotes remained significant (GG compared with
CGC; B = 0.109; 95% CI: 0.005, 0.213; P = 0.04). There
were no significant associations between FADS genotype and
birth length, either with or without adjustment for MeHg
exposure.

Each of the maternal FADS1 SNPs [rs174537 and rs174561
(GT compared with TT, B = 0.205, P = 0.03; TC compared
with CC, 8 =0.203,P = 0.04)] and FADS1-FADS2 [rs3834458
(Tdel compared with DelDel, 8 = 0.197, P = 0.03)] were
statistically significant predictors of head circumference, in that
having 1 copy of the minor allele was associated with a greater
child head circumference at birth than being homozygote for
the major allele (all P < 0.05). All of these associations were
significant following adjustment for maternal MeHg exposure.

Across all models we found child sex and gestational age
to be the most significant predictors of birth weight, length,
and head circumference (P < 0.001; data not shown). Parity
and maternal BMI were also significant covariates in models
for birth weight (P < 0.01).

Interaction model
The slopes for EPA + DHA x FADS and for AA x FADS did not
show significant differences across FADS groups for any birth
outcome (all 2 df P values for each PUFA x FADS interaction
>0.05, and all 4 df P values for the pair of interactions >0.035).
These results are shown in Supplemental Table 2. However,
there was some suggestion of an adverse association between
EPA + DHA and head circumference among the DelDel
rs3834458 (FADS1-FADS2) genotype group (slope = —9.059;
95% CI: —17.708, —0.410; P = 0.04), in contrast to the other
2 genotypes where slopes (CI) were 0.281 (—1.167, 1.729) and

TABLE 2 Frequency of each FADS genotype in NC2 mothers'

0.877 (—1.413, 3.167) for the TT and Tdel groups, respectively.
This interaction is shown in Figure 1.

Discussion

There is increasing interest in the influence of maternal
nutrition, even among healthy, well-nourished populations, on
birth outcomes and various health outcomes in later life. The
n-3 LC-PUFAs, along with AA, are known to play critical
roles in fetal growth and development (38, 39). In this large,
carefully studied Seychellois mother—child cohort, maternal LC-
PUFA status was not a determinant of infant birth weight,
length, or head circumference. Simultaneously adjusting for
concurrent exposure to MeHg in this high-fish-eating cohort
did not influence these associations, nor was maternal hair
MeHyg itself associated with any birth outcomes. These results
confirm those of our previous analysis of the smaller SCDS
NC1, where we did not detect any relations between prenatal
LC-PUFAs, MeHg, and birth weight (25). Some studies have
reported positive associations between prenatal n—3 LC-PUFAs,
birth weight (40), and gestational duration (38). However, the
findings of observational mother—child cohorts, where maternal
fish consumption has been the exposure variable, have been
overall inconclusive (13, 14, 17, 41). Unlike most of these
studies, we analyzed physiological biomarkers of maternal LC-
PUFA status and MeHg exposure rather than dietary assessment
of fish consumption. We believe it is a more accurate depiction
of what the mother and fetus are exposed to during pregnancy.
Our cohort is unique in that mothers consumed a mean of 8
fish meals/wk during pregnancy (33) and therefore have higher
n-3 LC-PUFA status and MeHg exposure than lower-fish-
consuming populations. Furthermore, our cohort of mothers
is healthy with few preterm births or infants with low birth

Homozygote reference

Heterozygote minor Homozygote minor

SNP Gene Allele n (%) Allele n (%) Allele n (%)
rs174537 FADS1 GG 800 (67) GT 348 (29) T 41 (4)
rs174561 FADS1 T 854 (72) c 300(25) cc 35(3)
1s174575 FADS2 cc 732 (62) cG 391(33) GG 65(5)
rs38344587 FADS1-FADS2 T 833 (70) Tdel 321(27) DelDel 35(3)

"The FADS model included n = 1189 participants. FADS, fatty acid desaturase; NC2, Nutrition Cohort 2; SNP. single nucleotide polymorphism.

2Intergenic SNP
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TABLE 3 Associations between maternal LC-PUFA status and MeHg exposure on birth outcomes’

Birth weight Birth length Head circumference

Model and exposure B(95% CI) P B(95% CI) P B (95% CI) P
LC-PUFAs only (n=1111/1092/1091)

EPA + DHA 0.124(—0.214, 0.462) 0.47 0.801(—1.777,3.379) 0.54 0.132(—1.108,1.372) 0.83

AA —0.053 (—0.415, 0.309) 0.77 1.682 (—1.088, 4.452) 0.23 0.219(—1.114, 1.553) 0.75
LC-PUFAs and MeHg (n = 1111/1092/1091)

EPA+4-DHA 0.122(—0.219, 0.462) 0.48 0.913(—1.681, 3.507) 0.49 0.074(—1.174,0.321) 0.91

AA —0.051(—0.414,0.312) 0.78 1.603 (—1.174, 4.381) 0.26 0.261(—1.076, 1.598) 0.70

MeHg 0(—0.006, 0.007) 0.89 —0.020(—0.072, 0.031) 0.44 0.01(—0.014, 0.035) 0.4
MeHg only (n = 1111/1092/1091)

MeHg 0.001 (—0.006, 0.007) 0.83 —0.019(-0.070, 0.032) 0.47 —0.019(—0.070, 0.032) 0.47

"In the primary model the numbers of participants were n = 1111 for all birth-weight models, n = 1092 for all birth-length models, and n = 1091 for all head-circumference
models. All models adjusted for maternal age, gestational age, child sex, maternal BMI, parity, alcohol use in pregnancy, and socioeconomic status. LC-PUFA, long-chain PUFA;

MeHg, methylmercury.

weight or extreme head circumference (7 = 19). These mother—
child pairs were excluded from our analysis. The factors
above may partially explain the lack of associations found
between LC-PUFAs and birth outcomes. In the SCDS we have
consistently found no adverse associations between maternal
MeHg exposure, at amounts ~10 times higher than in the
US population, and infant cognitive development (33, 42, 43).
The results of the current study also found no detrimental
associations with fetal growth, even when LC-PUFA status was
accounted for. These findings are supportive of promoting fish
consumption in pregnancy.

There are many differences across studies that may explain
the inconsistency of findings, most notably the intake of n—-3 LC-
PUFAs. However, genetic background may also be important.
Consequently, we examined associations between maternal
FADS genotype and birth outcomes as a secondary aim of this
study. Research by Molto-Puigmarti et al. (31) suggests that
mothers who are minor allele carriers of FADS genotypes have
infants of lower birth weight and shorter pregnancies overall,
possibly as a result of having lower circulating concentrations of
n—3 LC-PUFAs. In our study, we found maternal FADS genotype
to be predictive of infant birth weight and head circumference,

with different associations shown for the FADS1 and FADS2
genotypes. The most consistent associations were found with
head circumference, where mothers who were heterozygous
for the FADS1 (rs174537, rs174561) and FADSI1-FADS2
(rs3834458) minor alleles, and therefore having less efficient
conversion of LC-PUFAs compared with those homozygous
for the major allele, were more likely to have infants with a
greater head circumference. The 2 FADS1 SNPs and intergenic
FADS1-FADS2 rs3834458 are highly correlated (29) and
therefore their similar associations with head circumference are
expected.

Although the overall EPA + DHA x FADS interaction was
not significant for any FADS genotype, Figure 1 shows that
increasing concentrations of EPA + DHA are associated with
lower head circumferences but only among mothers who are
homozygous (DelDel) for the rs3834458 minor allele. Based
on data from # = 35 mothers with this genotype, a 1-mg/mL
increase in maternal serum EPA + DHA is associated with
a mean birth head circumference decrease of —9.06 cm. This
finding suggests that the relation between the FADS genotype
and birth head circumference may be modified by the mothers’
LC-PUFA status. This finding is of particular interest given

TABLE 4 Associations between maternal FADS genotype and MeHg exposure on birth outcomes'

Birth weight Birth length Head circumference

FADS model and allele B (95% Cl) P B (95% CI) P B (95% ClI) P
rs174537

GT (n=327) 0.048 (—0.004, 0.100) 0.07 0.127 (—0.268, 0.523) 0.53 0.205(0.015, 0.394) 0.03

TT(n=37) 0.084 (—0.047,0.215) 0.21 0.350 (—0.655, 1.354) 0.49 0.170(—0.311, 0.650) 0.49

MeHg —0.001 (—0.007, 0.006) 0.87 —0.023(—0.075, 0.029) 0.39 0.008 (—0.017, 0.033) 0.54
1174561

TC (n=284) 0.053 (—0.001, 0.107) 0.06 0.267 (—0.143, 0.678) 0.20 0.203(0.007, 0.399) 0.04

CC(n=31) 0.089 (—0.054, 0.231) 022 0.361(—0.732, 1.455) 0.52 0.301(—0.223, 0.824) 0.26

MeHg —0.001 (—0.007, 0.006) 0.88 —0.025(—0.077,0.028) 0.35 0.008 (—0.017, 0.033) 0.54
15174575

CG (n=366) 0.003 (—0.048, 0.053) 091 —0.061(—0.445,0.322) 0.75 0.034(—0.015, 0.218) 0.72

GG (h=61) 0.109(0.005, 0.213) 0.04 0.575(—0.210, 1.360) 0.15 0.266 (—0.110, 0.642) 0.17

MeHg 0.000 (—0.007, 0.007) 0.98 —0.021(—0.073, 0.030) 0.42 0.011(—0.014, 0.035) 0.41
rs3834458

Tdel (n=303) 0.046 (—0.007, 0.099) 0.09 0.186 (—0.217, 0.588) 0.37 0.197 (0.005, 0.390) 0.04

DelDel (n=31) 0.104 (—0.039, 0.247) 0.15 0.475(—0.619, 1.570) 0.39 0.276 (—0.248, 0.800) 0.30

MeHg —0.001 (—0.007, 0.006) 0.88 —0.024 (—0.076, 0.028) 0.37 0.008 (—0.017, 0.033) 0.53

"The secondary model of FADS included n = 1189 participants. Following adjustment for MeHg, this model included n = 1102. All models adjusted for maternal age, gestational
age, child sex, maternal BMI, parity, alcohol use in pregnancy, and socioeconomic status. FADS, fatty acid desaturase; MeHg, methylmercury.
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FIGURE 1

Interaction between maternal serum status of n-3 LC-PUFAs (EPA + DHA, mg/mL) and the rs3834458 FADS1-FADSZ2 genotype

on infant head circumference at birth. FADS, fatty acid desaturase; LC-PUFA, long-chain PUFA.

that our main effects model found greater head circumference
among mothers heterozygous for the same FADSI-FADS2
minor allele. The possibility that this association differs by
maternal EPA + DHA intake is worth further investigation,
particularly given that head size at birth has been linked
to cognitive function in childhood (44). However, when
interpreting this finding it is important to recognize that the
95% CI for this estimate is quite wide (—17.708, —0.410) and
that we did not find a direct association of maternal LC-PUFA
status and head circumference. In addition, we did not adjust
for multiple comparisons and this association may be a chance
finding.

The FADS2 rs174575 was not statistically associated with
head circumference but was positively associated with birth
weight, albeit in the opposite direction found by similar studies
(30, 31). In our study, mothers homozygous for the minor
allele of the FADS2 genotype (i.e., expected lower endogenous
synthesis of LC-PUFAs) were found to have infants of a greater
birth weight. This contrasting finding may be explained by
our cohort having a low n-6 to n-3 PUFA ratio, likely due
to high fish consumption. In NC2 we previously reported that
maternal AA status was significantly lower among minor allele
carriers of rs3834458, whereas the status of EPA and DHA
was not significantly different (29). It is possible that a greater
infant birth weight and head circumference among mothers
who carry >1 copy of the minor allele for the FADS genotypes
measured in our study may be related to lower maternal
circulating concentrations of the AA-derived eicosanoids with
vasoconstricting properties, prostaglandin F, and prostaglandin
E, (45). We have previously hypothesized that AA may be a
rate-limiting LC-PUFA in the Seychellois population due to high
dietary intakes of n-3 LC-PUFAs, so that even a small decrease
in AA relative to EPA and DHA exerts a more pronounced
biological effect (33). Yet, we did not see a significant interaction
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between AA status and FADS genotype. In contrast, Molto-
Puigmarti et al. (31) found a detrimental association of AA with
birth weight but only among women who were homozygous for
the minor allele of FADST rs174556.

We did not find any relations between either LC-PUFAs,
MeHg, or FADS genotype with birth length. This finding
could be due to inherent difficulties associated with measuring
infant length at birth, or to a different underlying biological
mechanism. In their systematic review and meta-analysis of 26
studies, Li et al. (41) reported that a high prenatal dose of
DHA (>800 mg/d) was significantly associated with a greater
birth length compared with a low dose (<800 mg/d), with a
weighted mean difference of 0.26 cm. They did not find EPA
supplementation to be associated with birth length. Although
this was a subgroup analysis, it points to there being a potential
optimal dosage of n—3 PUFAs for birth length and warrants
further study.

Future research in this area should consider the additional
measurement of maternal inflammatory or eicosanoid markers,
which may also reveal further associations and improve
mechanistic understanding in this area. Our robust biological
measures of both serum LC-PUFA concentration and MeHg
exposure represent a particular strength to our research, as
well as the large cohort size and comprehensive adjustment
for confounding variables. In all of our models, child sex
and gestational age were the strongest covariate determinants
of birth outcomes; these relations also warrant further study.
This is the first study, to our knowledge, to present consistent
associations between the particular maternal FADS SNPs
studied and infant birth weight and head circumference. These
findings need confirmation in other populations of varying fish
consumption, LC-PUFA status, and genetic background.

In conclusion, in the SCDS where fish consumption
is high throughout pregnancy, we did not find maternal



LC-PUFA status, or exposure to MeHg, to be associated
with infant birth outcomes as assessed by weight, length,
and head circumference. Our observations of associations
between the maternal FADS SNPs studied and infant birth
weight and head circumference should be confirmed in other
populations.
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