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Abstract
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Fish consumption during gestation can provide the fetus with long chain polyunsaturated fatty acids
(LCPUFA) and other nutrients essential for growth and development of the brain. However, fish
consumption also exposes the fetus to the neurotoxicant, methyl mercury (MeHg). We studied the
association between these fetal exposures and early child development in the Seychelles Child
Development Nutrition Study (SCDNS). Specifically, we examined a priori models of Ω-3 and Ω-6
LCPUFA measures in maternal serum to test the hypothesis that these LCPUFA families before or
after adjusting for prenatal MeHg exposure would reveal associations with child development
assessed by the BSID-II at ages 9 and 30 months. There were 229 children with complete outcome
and covariate data available for analysis. At 9 months, the PDI was positively associated with total
Ω-3 LCPUFA and negatively associated with the ratio of Ω-6/Ω-3 LCPUFA. These associations
were stronger in models adjusted for prenatal MeHg exposure. Secondary models suggested that the
MeHg effect at 9 months varied by the ratio of Ω-6/Ω-3 LCPUFA. There were no significant
associations between LCPUFA measures and the PDI at 30 months. There were significant adverse
associations, however, between prenatal MeHg and the 30 month PDI when the LCPUFA measures
were included in the regression analysis. The BSID-II Mental Developmental Index (MDI) was not
associated with any exposure variable. These data support the potential importance to child
development of prenatal availability of Ω-3 LCPUFA present in fish and of LCPUFA in the overall
diet. Furthermore, they indicate that the beneficial effects of LCPUFA can obscure the determination
of adverse effects of prenatal MeHg exposure in longitudinal observational studies.
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Introduction
Fish consumption during gestation can provide the fetus with long chain polyunsaturated fatty
acids (LCPUFA) and other nutrients essential for growth and development of the brain.
However, fish consumption also exposes the fetus to the neurotoxicant, methyl mercury
(MeHg). The impact of combined LCPUFA and MeHg from fish consumption during
pregnancy may lead to contradictory influences on child development outcomes, as suggested
in a companion paper by Davidson and colleagues (in review).
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All fish contain small amounts of MeHg. The developmental effects of prenatal exposure to
MeHg from maternal consumption of a diet high in fish are unclear. Epidemiological studies
from New Zealand (Kjellstrom, et al., 1989) and the Faeroe Islands (Grandjean, et al., 1997;
Debes, et al., 2006), reported subtle adverse effects on child development outcomes. In contrast,
results from the Seychelles Child Development Study have found no consistent
neurodevelopmental or neuropathological impairments (Davidson, et al., 1998; Myers, et al.,
2003; Lapham, et al., 1995). In fact, enhanced child development was correlated with
increasing maternal hair MeHg levels for some endpoints. This apparently anomalous finding
might be related to the beneficial effects of nutrient, such as LCPUFA intake from fish.
The LCPUFA, docosahexaenoic acid (DHA, 22:6 Ω-3) and arachidonic acid (AA, 20:4 Ω-6)
accumulate preferentially in the developing brain where they are major structural components
of brain lipids and play important functional roles in visual and neural processes (Innis,
2005). The Ω-3 LCPUFA, DHA, can affect neurotransmitter metabolism, ion channel activity,
signalling pathways and gene expression, while the Ω-6 LCPUFA, AA, plays a role in cell
signalling and synaptic transmission via specific eicosanoids and leukotrienes (Innis 2003).
Diffusion to the fetus of LCPUFA from circulating maternal triglycerides and free fatty acids
is thought to occur via lipoprotein receptors, lipoprotein lipase activity, placental intracellular
lipase activities and plasma membrane fatty acid binding protein (Herrara, 2002). Placental
transfer of LCPUFA occurs predominantly during the last trimester when brain growth is most
rapid.
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The endogenous syntheses of DHA and, especially AA, are not trivial in the preterm infant
(Carnielli et al, 2007). However, it appears that the fetus cannot synthesize adequate amounts
of DHA or AA from their respective essential fatty acid precursors, alpha-linolenic acid (ALA,
18:3 Ω-3) and linoleic acid (LA 18:2 Ω-6) respectively (Carlson, 2001). Data from randomized
controlled trials indicate that maternal supplementation with high dose DHA (>1g/d) can
significantly increase DHA status in offspring in contrast to maternal supplementation with
lower doses of DHA or high doses (>10g/d) of ALA (Decsi and Koletzko, 2005). One
randomized controlled trial evaluated children born to women who took cod liver oil rich in
the Ω-3 DHA during pregnancy and compared them with children whose mothers had taken
maize oil rich in the Ω6 LA (Helland et al, 2003). Children whose mothers received cod liver
oil scored higher on the Mental Processing Composite of the Kaufman Assessment Battery for
Children (K-ABC) at age four years. Dunstan et al (2006) showed that children aged 2.5 years
born to mothers who were supplemented with Ω-3 LCPUFA from week 20 of gestation until
delivery had significantly improved eye and hand coordination compared to those whose
mothers received placebo (olive oil). Judge and colleagues (2007) studied infants born to
mothers who consumed DHA-containing foods during pregnancy and compared them to
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infants whose mothers consumed placebo (maize oil) containing foods. Those receiving DHAcontaining foods scored better for problem-solving, but not for visual recognition memory, at
age 9 months
These experimental studies of supplemental DHA, the Ω-3 LCPUFA found in fish, are
supported by observational epidemiological studies. The ALSPAC study in the UK reported
that children of women who consumed more fish during pregnancy had higher developmental
scores at age15 months (Daniels et al, 2004). More recently they reported that high (>340g per
week) maternal seafood consumption was associated with improved child development at age
7 years (Hibbeln et al, 2007). They concluded that guidelines from some advisories to limit
seafood consumption during pregnancy could possibly be detrimental. In the US, Oken et al
(2005) reported that infants whose mothers had higher fish intake in the second trimester had
higher percent novelty preference scores on visual recognition memory testing at 6 months of
age.
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Neonatal AA status is reported to be less dependent on maternal status than DHA (Otto et al,
1997). This finding fits with the recent experimental confirmation that endogenous AA
synthesis from LA in the preterm newborn is significantly higher than DHA synthesis from
ALA (Carnielli et al, 2007). Both LA and ALA compete for the same desaturation enzymes in
the biosynthetic pathways to AA and DHA respectively. Consequently, the ratio between the
relative amounts of Ω-6 and Ω-3 LCPUFA (Ω-6/Ω-3 ratio) might be important in
neurodevelopment. The precursor LCPUFA, LA and ALA, are found in varying amounts in
different vegetable fats and oils, but preformed AA and DHA are found primarily in animal
lipids. Fish is a particularly rich source of DHA and its immediate precursor, eicosapentaenoic
acid (EPA, 20:5 Ω-3). Although many studies have indicated a role in neurodevelopment for
DHA, we have been unable to find any data linking EPA to neurodevelopment.
Maternal fish consumption brings nutritional benefits, particularly from LCPUFA. However,
it also brings possible risk to the developing fetal brain in the form of MeHg, a toxicant known
to accumulate in aquatic food chains worldwide (Myers et al, 2003; Clarkson and Strain,
2004). The Food and Agricultural Organization (FAO) of the United Nations estimates that
one billion people, most of them living in developing countries, depend on fish as their main
protein source (FAO, 2000). This makes fish consumption during pregnancy a subject of
scientific interest and public health concern (Cohen et al, 2005; Mozaffarian & Rimm, 2006).
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In order to address the risks and benefits of fish consumption, we studied the relationship of
maternal LCPUFA and prenatal MeHg exposure to children’s neurodevelopment in a
longitudinal observational study in a population consuming large quantities of fish. In a
companion paper (Davidson et al, in review), we report on the covariate adjusted effects of
two LCPUFA, AA and DHA, and other nutritional and dietary measures on outcome measures.
Here we expand our enquiry by focusing on the associations of the Ω-3 and Ω-6 LCPUFA
(DHA, AA, EPA, LA, and ALA) with the BSID-II outcomes.

Method
Subjects
We recruited 300 women during their first visit to the ante-natal clinic on Mahé, the main island
in Seychelles, during 2001. Inclusion criteria included age over 16 years, native born
Seychellois, and residing on Mahé. Six infants were excluded, 4 with major congenital
anomalies and 1 set of twins. The study setting and methods are described in detail in the
companion paper (Davidson et al., in review). We include only those methods pertinent to the
secondary analysis reported here. The study was reviewed and approved by the Seychelles
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Ethics Board, and the Research Subjects Review Boards at the University of Rochester and
Cornell University.
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Blood Collection
At 28 weeks gestation and one day after delivery, non-fasting blood samples (30 ml) were
taken from mothers. Samples were collected by antecubital venipuncture into evacuated serum
tubes. Samples were placed on water ice and allowed to sit for 30 minutes prior to being
centrifuged at 2500 rpm for 15 minutes. Aliquots were stored at −80°C until analysis.
Fatty acid analyses
Total lipids were extracted from serum samples using a modified method of Folch et al. (1957).
Two internal standards (Sigma Aldrich Co Ltd, Poole, Dorset, UK), heptadecaenoic acid
(C17:0) and heneicosanaenoic (C21:0) were added to the samples prior to extraction. Lipid
extracts were methylated with boron trifluoride in methanol (Sigma Aldrich Co Ltd) and fatty
acid methyl esters were analyzed and quantified using a ThermoFinnegan TRACE MS with
Xcalibur software (ThermoFinnegan, Hemel Hempstead, UK). This equipment has a 30m
FAMEWAX (Restek Ireland, Belfast, UK) capillary column with an internal diameter of
0.25mm and a 0.25-µm film thickness.
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Developmental Assessment
The children were evaluated at four ages (5, 9, 25, and 30 months). The test battery had a total
of 16 developmental endpoints, but this secondary study focuses on the primary one, the BSIDII that was administered at ages 9 and 30 months by specially trained evaluators (Bayley, 1993).
The BSID-II is a well standardized measure of infant cognition and development yielding two
primary endpoints, a Mental Developmental Index (MDI) and a Psychomotor Developmental
Index (PDI). The second author (PWD) completed reliabilities on 5% of the BSID-II tests and
mean agreements ranged from 92.3 to 98%.
Analysis Plan
Our focus in this analysis was on the Ω-3 and Ω-6 fatty acids and models are not adjusted for
other nutrition variables. We compared results with and without adjustment for MeHg. In a
companion paper (Davidson et al, in review) we report on the associations of DHA, AA, and
other nutritional variables on the BSID-II and the other outcomes measured. In those models
we adjusted for 4 additional nutritional measures, TSH, iron, choline, and fish intake. These
were not considered here.
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All models were adjusted for the same covariates known to be associated with child
development as reported by Davidson and colleagues for other analyses of this data set (in
review). All analyses for each endpoint followed the same procedures.
For this analysis we considered five basic models. Model 1 adjusted for DHA and AA, the
primary LCPUFA associated with neurodevelopment. This model differed from the companion
paper in that we did not adjust for the other 4 nutrition variables here. Model 2 adjusted for the
sum of DHA and EPA (as a measure of the Ω-3 LCPUFA found in fish), and AA. Model 3
adjusted for Ω-3 (the sum of DHA, EPA, and ALA) and Ω-6 (the sum of AA and LA) LCPUFA.
Models 4 and 5 adjusted for ratios of AA to DHA and of Ω-6 to Ω-3 respectively. We also fit
secondary models that added MeHg by LCPUFA interactions to models 4 and 5. In these
secondary models, LCPUFA were included as indicator variables to distinguish between
tertiles of their sample distribution.
Each of the five LCPUFA measurements was the geometric mean of the maternal serum value
measured at 28-weeks gestation and at delivery as transfer of LCPUFA to the fetus occurs
Neurotoxicology. Author manuscript; available in PMC 2009 September 1.
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mainly during the third trimester. Approximately 8% of the 28-week values and approximately
20% of the delivery values were not observed. We imputed missing LCPUFA at a single time
point as described in Davidson et al., (in review) which also gives further details of the
regression analyses.

Results
In this cohort of 229 mother-infant pairs, the mean maternal hair Hg concentration was 5.7 µg/
g (SD = 3.7; range 0.2–18.5). Mothers reported consuming an average of 9 meals containing
fish per week or an estimated 537 g of fish per week. Table 1 shows the characteristics of the
mothers and children studied. Table 2 shows summary statistics for the LCPUFA status of
mothers and the BSID outcomes for the children. There were no mothers in this cohort with
evidence of clinical nutritional deficiencies. Table 3 gives the correlations between MeHg and
each LCPUFA used in these models.
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The regression coefficients and their associated p-values for the covariate-adjusted
relationships between the LCPUFA and the PDI and MDI from the BSID-II (with and without
adjustment for MeHg) are shown in Table 4. Models results are given with and without outliers.
No model had more than 3 outliers. None of the models had influential points, and no
transformations were required. All variance inflation factors were less than 2, indicating that
collinearity between model covariates was not an issue. At both 9 and 30 months, the
associations with the PDI outcomes were stronger when outliers were excluded and weaker
when the models did not adjust for MeHg.
Nine Months
In model 1, MeHg, AA, and DHA were not significant predictors of MDI or PDI scores. These
results were similar to those reported by Davidson and colleagues (in review) whose analyses
included DHA, AA and four other nutrient status indicators. Models 2–5 using various
combinations of LCPUFA metrics showed no significant association of prenatal MeHg
exposure with the PDI or MDI.

NIH-PA Author Manuscript

Replacing DHA (used in Model 1) with DHA+EPA (Model 2) had little effect on the model
results for PDI or MDI. However, model 3 replacing DHA with Ω-3 LCPUFA and AA with
Ω-6 LCPUFA gave results that differed substantially from Model 1 for the PDI, but not for the
MDI. Greater Ω-3 LCPUFA values were associated with significantly improved 9-month PDI
scores (p = 0.02), but neither Ω-6 LCPUFA nor MeHg were significant predictors in this model.
Without adjustment for MeHg, Ω-3 LCPUFA continued to be a significant predictor of the
PDI. However, the regression coefficient was somewhat closer to zero, indicating a weaker
association.
Models 4 and 5 each adjusted for a single LCPUFA index, namely the AA/DHA ratio (Model
4) and the Ω-6/Ω-3 ratio (Model 5). In model 4 the AA/DHA ratio was not a significant
predictor of the PDI. However, in model 5 larger values of the Ω-6/Ω-3 ratio were associated
with significantly lower PDI scores (p=.02). Without adjustment for MeHg, the Ω-6/Ω-3 ratio
remained a significant predictor of the PDI (p=.03).
Thirty months
In model 1, prenatal MeHg was associated with a significantly lower PDI score (p=0.05), but
not a lower MDI score. The MeHg effect in this model was significant only when adjustment
was made for DHA and AA, a finding similar to that found by Davidson and colleagues (in
review). Neither AA nor DHA were significant predictors of either outcome in this model. In
Models 2–5, prenatal MeHg was a significant (p<0.05) or borderline significant (p=0.06)
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predictor of the PDI, but there was no association with the MDI. This finding is consistent with
Model 1. In models 2– 5 none of the LCPUFA was significant predictors of the PDI or MDI.
The sign of the regression coefficients for Ω-3 and Ω-6 LCPUFA (model 3), AA/DHA ratio
(model 4) and Ω-3/Ω-6 ratio (model 5) were the same as for the 9-month PDI. Compared to
the 9-month results, the magnitude of the regression coefficients were generally, but not always,
closer to zero suggesting a weaker association.
Figure 1 depicts key relationships from model 5. The crosses shown in both panels are the
observed values of the Ω-6/Ω-3 ratio (y-axis) and the observed values of MeHg (x-axis). These
two variables are negatively correlated (r=−0.23). Also shown are contours of estimated PDI,
at 9 months (left panel) and at 30 months (right panel), shown as labeled diagonal lines. The
centermost (and outer) lines show the mean (and +/− 2 times the standard error) estimated PDI
values. Thicker lines correspond to larger values of estimated PDI, as labeled in the plot interior.
Each plot can be thought of as a 3-dimensional plot of the observed Ω-6/Ω-3 ratio, the observed
MeHg, and the estimated PDI. The estimated values of the PDI are depicted as contours of
constant values. The value of the estimated PDI increases when moving from one contour line
to another contour line with a larger value.
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These plots suggest that as MeHg increased, a lower Ω-6/Ω-3 ratio was required to keep the
predicted PDI at the same level. Conversely, as the Ω-6/Ω-3 ratio increased, the plots indicate
that a smaller value of MeHg was required to keep the estimated PDI at the same level. These
suggested relationships held at both 9 months and 30 months despite the fact that at 9 months
the Ω-6/Ω-3 ratio was significant but MeHg was not, and at 30 months MeHg was significant
but the Ω-6/Ω-3 ratio was not.
These models and figures assume that there is no interaction between MeHg and LCPUFA. In
our secondary analyses we included interactions between MeHg and LCPUFA tertiles
corresponding to Models 4 and 5. There was no evidence of interactions at 30 months (p > 0.50
for all interaction terms), but there was at 9 months. In the expanded version of Model 4, the
MeHg* Ω-3 interaction was of borderline significance (p=0.09), whereas the MeHg* Ω-6
interaction was not (p=0.72). In the expanded version of Model 5, the MeHg* Ω-6/Ω-3 ratio
was significant (p=0.03). In this model, as the tertiles of the Ω-6/Ω-3 ratio increased, the MeHg
effect became more negative. For subjects in the highest Ω-6/Ω-3 tertile, the MeHg slope was
−1.26 (p=0.004).

Discussion
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We found that maternal serum Ω-3 LCPUFA as measured during the last trimester was
positively associated with the psychomotor development measured at 9 months of age As
maternal values for Ω-3 increased, the PDI scores improved. Psychomotor development was
also inversely related to the Ω-6/Ω-3 ratio. As the Ω-6/Ω-3 ratio increased the PDI scores
declined. There were no significant associations with the MDI at 9 or 30 months or with the
PDI at the 30 month evaluation. The associations we found were strongest when prenatal MeHg
exposure was included in the analyses.
An association of Ω-3 LCPUFA with improved development is consistent with experimental
findings that have reported improved development when mothers were supplemented with
Ω-3 LCPUFA (Helland et al., 2003; Dunstan et al., 2006; Judge et al., 2007; Colombo et al,
2004) or when preterm infants were supplemented with DHA (O’Connor et al, 2001). Cohen
et al (2005) have estimated that increasing maternal DHA intake by 100 mg/day during
pregnancy would increase a child’s IQ by 0.13 points. In the current study we did not find any
associations with the cognitive index (MDI) of the BSID-II, but we did find a significant
association with the PDI, a test of psychomotor skills. The PDI is considered to be the gold
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standard for measuring both fine and gross motor development of children aged less than four
years, but it is less related to cognitive processes (such as attention, memory, inhibition, or
higher-order functions) in which LCPUFA have been implicated (Cheatham et al, 2006). Why
the associations in this study appeared only with the PDI is not clear.
In the current study, DHA or DHA and EPA combined (LCPUFA that predominantly come
from maternal intakes of fish and other seafood) were not associated with the PDI. Maternal
serum total Ω-3 LCPUFA (in model 3 that included total Ω-6 LCPUFA), however, showed an
association. These findings might be explained if ALA, the precursor of DHA and EPA
contributed substantially to overall Ω-3 LCPUFA requirements in pregnancy. Such a
possibility, if substantiated by further studies, would be a matter of public health importance
as the dietary sources of ALA are more plentiful than DHA and EPA. Although de Groot
(2004) found that maternal supplementation with ALA and LA did not increase neonatal DHA
and AA status, their study did suggest that functional DHA status was improved.
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The negative association we found between the maternal Ω-6/Ω-3 LCPUFA ratio and the PDI
outcome at 9 months suggests that Ω-6 LCPUFA may attenuate the positive effects of the
Ω-3 LCPUFA. The Ω-6/Ω-3 LCPUFA ratio has been implicated in numerous brain related
functions (Yehuda, 2003). A high dietary Ω-6/Ω-3 LCPUFA ratio, which in part determines
the tissue ratio of these LCPUFA, has been purported to promote the pathogenesis of many
chronic diseases (Simopoulos, 2006). Other authors (Hibbeln et al, 2006) have indicated that
high intakes of LA, the major Ω-6 LCPUFA in the diet, may increase Ω-3 LCPUFA
requirements needed to prevent such diseases. Our results also suggested that the combined
impact of MeHg and the Ω-6/Ω-3 LCPUFA ratio on the PDI changed from 9 to 30 months;
the effect of MeHg on the PDI at 9 months, but not at 30 months, depends on the Ω-6/Ω-3
ratio. These effects have not previously been reported and deserve further study.
We anticipated that nutritional factors might modify the neurotoxic action of MeHg in high
fish-eating populations (Clarkson & Strain, 2003) and postulated that not adjusting for
nutritional confounders may have masked detrimental effects of MeHg on neurodevelopment.
Other authors have reported improved performance (Oken et al., 2005; Daniels et al, 2004;
Hibbeln et al., 2006) associated with dietary measures of fish consumption rather than
biological measures of nutritional exposure.
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Our findings support the view that because of confounding by the adverse effect of MeHg, the
beneficial effect of Ω-3 LCPUFA and other nutritional factors from fish is likely to be
underestimated. Associations between maternal measures of LCPUFA and outcome were
strengthened when the confounding factor of prenatal exposure to MeHg was adjusted for in
the regression models. Our findings are also pertinent to the ongoing debate on the risks and
benefits of fish consumption during pregnancy and support the importance of LCPUFA in the
diet. Other investigators have reviewed the data on fish consumption and reached similar
conclusions (Cohen et al, 2005; Mozaffarian & Rimm, 2006).
Our study has a number of strengths. The subjects were enrolled early in pregnancy, followed
sequentially, and a number of biological parameters were measured at several time points.
However, the current analyses focused on only the Ω-3 and Ω-6 LCPUFA and the four primary
endpoints on the BSID-II at 9 and 30 months. Further analyses with other nutritional
confounders might have produced different results (Strain et al, 2004; Georgieff, 2007). In
addition the study population was not as large as originally planned and may be underpowered.
Although we analyzed the data based on known biological relationships, the large number of
analyses may have resulted in chance findings.
This study was not designed to consider the influence of postnatal exposures to either MeHg
or nutrients. Further, previous work has indicated that prenatal and postnatal MeHg levels are
Neurotoxicology. Author manuscript; available in PMC 2009 September 1.
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not correlated (r=0.08, Myers, et al., 2003). This issue is discussed in greater detail by Davidson
and colleagues (in review).
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The effects of LCPUFA are largely prenatal. Randomized controlled trials have indicated the
benefits of LCPUFA taken by mothers during pregnancy (Helland et al., 2003; Dunstan et al.,
2006; Judge et al., 2007; Colombo et al, 2004). In contrast, the evidence for postnatal effects
of LCPUFA supplementation on infant development is contradictory at best. The three largest
randomized controlled trials were undertaken in the UK (Lucas et al, 1999), in four centers in
the USA (Auestad et al, 2003) and in The Netherlands (Bouwestra et al, 2005), and involved
some 879 term infants. Those studies used a variety of neural and visual endpoints, and showed
no advantage of supplementation over standard formula.
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In conclusion, we found significant associations between different measures of LCPUFA and
child development measured by the BSID-II. Although no inferences can be drawn on causality
from this study, the significant associations are consistent with experimental findings. These
data highlight the potential importance to child development of the prenatal availability of
Ω-3 LCPUFA from fish and the overall diet and also indicate possible attenuation of such
effects by both Ω-6 LCPUFA and MeHg. We found potential adverse associations between
MeHg and outcome that were uncovered only when LCPUFA were included in the regression
analyses. The data indicate that confounding of adverse effects of MeHg by nutrients, or
conversely, confounding of beneficial effects of LCPUFA by MeHg, should be considered
when evaluating data from observational studies.
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Figure 1.
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Joint Effects of Prenatal MeHg and the Ω-6/Ω-3 Ratio on Estimated PDI at 9 months (left
panel) and at 30 months (right panel). The points are observed values of MeHg, and the Ω-6/
Ω-3 ratio. The solid lines are contours of constant PDI as estimated from the Model 5 regression
at 9 months (left panel) or 30 months (right panel). Thicker lines correspond to larger values
of estimated PDI. The center-most solid diagonal line in each plot is the contour corresponding
to the mean PDI at the corresponding age, and shows the values of MeHg and the Ω-6/Ω-3
ratio at which the estimated PDI is predicted to be constant at its mean value. The other solid
lines correspond to constant values of PDI, for PDI at its mean plus or minus twice its standard
error from the model.
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Table 1

Characteristics of 229 pairs of mothers at recruitment and neonates at delivery

NIH-PA Author Manuscript

Mothers
( 6 Smokers, 222 nonsmokers, 1 NA)
Age (years)
Height*(m)
Weight (kg)
Neonates
(113 males, 116 females)
Weight (g)
Length (cm)
Gestation age at delivery (weeks)

Mean

SD

Range

27.2
1.6
66.4

5.9
0.7
16.9

16–43
1.3–1.8
38–135

3239
50.7
38.7

471
3.3
1.3

1870–4450
31–62
34–41

*

one mother was missing height measurement at enrollment
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Table 2

Summary statistics for MeHg, LCPUFA Status among Cohort Mothers ( as measured in maternal serum)* and BSIDII testing on the children

NIH-PA Author Manuscript

Variable
MeHg (measured in mothers hair in ppm)

NIH-PA Author Manuscript

Docosahexaenoic acid mg/ml (DHA)
28 weeks
Delivery
mean of 28 weeks and delivery
Arachidonic acid mg/ml (AA)
28 weeks
Delivery
mean of 28 weeks and delivery
Eicosapentaenoic acid mg/ml (EPA)
28 weeks
Delivery
mean of 28 weeks and delivery
Alpha-Linolenic acid mg/ml (ALA)
28 weeks
Delivery
mean of 28 weeks and delivery
Linoleic acid mg/ml (LA)
28 weeks
Delivery
mean of 28 weeks and delivery
AA/DHA ratio
Ω 3 (DHA, EPA, ALA mg/ml)
Ω 6 (AA, LA mg/ml)
Ω 6/ Ω 3 ratio
BSID-II MDI 9 months
BSID-II PDI 9 months
BSID-II MDI 30 months
BSID-II PDI 30 months

N

Mean

SD

Range

229

5.7

3.7

0.2–18.5

216
183
229

0.19
0.16
0.17

0.06
0.06
0.05

0.07–0.40
0.06–0.34
0.07–0.32

216
184
229

0.63
0.60
0.61

0.14
0.15
0.13

0.36–1.23
0.33–1.22
0.37–1.07

217
182
229

0.02
0.02
0.02

0.01
0.01
0.01

0.00–0.09
0.00–0.06
0.00–0.05

216
185
229

0.01
0.01
0.01

0.01
0.01
0.00

0.00–0.12
0.00–0.08
0.00–0.05

216
185
229
229
229
229
229
229
226
225
228

7.3
6.7
7.0
3.7
0.20
7.61
40.17
102.7
102.4
86.1
91.4

1.4
1.37
1.22
0.86
0.06
1.28
11.72
9.8
16.4
9.1
13.7

3.29–11.44
2.94–10.15
3.73–9.78
1.75–7.09
0.08–0.36
4.10–10.77
13.21–90.35
64–150
50–141
56–115
50–123

*

LCPUFAs were measured in maternal blood at 28 weeks and delivery, and the geometric mean of the two measurements of each LCUPFA was used in
the analysis.
If a mother had a measurement at only one time point, the missing measurement was estimated as described in the text.
BSID-II = Bayley Scales of Infant Development II
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Table 3

Correlation of Mercury and LCPUFA Measures
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AA
DHA
DHA + EPA
Ω-3
Ω -6
AA/DHA
Ω -6/Ω -3

0.07
0.32
0.31
0.31
0.10
−0.31
−0.23
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−0.21
20.81

Model 2
mercury
EPA+DHA

−0.13
−0.45

Model 4
mercury
AA/DHA

Model 5
mercury
−0.20
Ω 6/ Ω 3
−0.15
NS = Not significant
AA = Arachidonic acid
Ω 6 = AA + LA
Ω 3 = DHA + EPA + ALA
DHA = Docosahexaenoic acid
EPA = Eicosapentaenoic acid

−0.24
33.26
−0.13

Model 3
mercury
Ω3
Ω6

6.84

−0.19
17.48
8.18

0.28
0.02

0.51
0.60

0.21
0.02
0.82

0.32

0.30
0.23

0.35
0.37
0.24

−0.13

−0.27

28.26
−0.11

8.07

14.71

10.99
9.35

0.03

0.74

0.03
0.85

0.24

0.36

0.55
0.17

-0.14
−0.17

−0.12
−0.54

−0.20
43.25
−0.40

9.03

−0.20
20.80

−0.18
18.79
10.10

0.42
0.001

0.53
0.50

0.25
0.001
0.47

0.20

0.30
0.20

0.33
0.31
0.13

−0.16

−0.39

39.43
−0.40

5.66

27.31

12.59
11.17

0.005

0.61

0.002
0.47

0.39

0.08

0.47
0.09

LCPUFA only
coeff
p-value

excluding outliers
Hg + LCPUFA
coeff
p-value

9 Month PDI
LCPUFA only
coeff
p-value

all data

Hg + LCPUFA
coeff
p-value

Model 1
mercury
DHA
AA

AA
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−0.52
−0.10

−0.48
−0.54
0.04
0.19

0.06
0.62

0.05
0.32
0.47

0.42

−7.28
−0.51
18.02
−0.55

0.04
0.29

0.05
0.41
0.51

−0.53
23.65

−0.51
21.01
−6.03

Hg + LCPUFA
coeff
p-value

−0.06

0.09

7.44
−0.51

−4.29

8.09

3.38
−2.96

0.41

0.93

0.67
0.50

0.63

0.70

0.89
0.74

no outliers

no outliers

no outliers

−0.57
26.73
10.34

−0.55
24.70
−9.13

0.25

0.03
0.22

0.03
0.33
0.31

no outliers

no outliers

no outliers

no outliers

no outliers

LCPUFA only
coeff
p-value

excluding outliers
Hg + LCPUFA
coeff
p-value

30 Month PDI
LCPUFA only
coeff
p-value

all data

Estimated regression coefficients and p-values for long chain polyunsaturated fatty acids (LCPUFA) and mercury variables against Bayley
Scale of Infant Development II: Psychomotor Developmental Index (PDI) at 9 and 30 months of age
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