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Abstract

Experimental studies suggest that selenium (Se) may decrease methylmercury (MeHg) toxicity under certain exposure regimens. In
epidemiological studies, the exposure to MeHg occurs from fish and seafood, which are also a source of beneficial nutrients such as
selenium. However, little is known about the potential protective effects of dietary Se against MeHg neurotoxicity in humans. The
possible interaction was assessed in two birth cohorts in the Faroe Islands, consisting of singleton term births from 1986 to 1987
(N =1,022), and 1994 to 1995 (N = 182), respectively. Dietary habits in this fishing population included frequent consumption of
seafood, including whale meat high in mercury. Both Hg and Se were measured in cord whole blood. Neurodevelopmental outcomes
were evaluated at age 7 years in both cohorts, and the smaller cohort also included neurological assessment on several prior occasions.
Each outcome was modeled as a function of Hg and Se interactions (with adjustments for potential risk factors) by expressing the effects
of log o(Hg) within the lowest 25%, the middle 50%, and the highest 25% of the Se distribution. Surplus Se was present in cord blood,
the average being a 10-fold molar excess above MeHg. Regression analyses failed to show consistent effects of Se, or statistically
significant interaction terms between Se and MeHg. Overall, no evidence was found that Se was an important protective factor against
MeHg neurotoxicity. Prevention, therefore, needs to address MeHg exposures rather than Se intakes. Because of the benefits associated
with fish intake during pregnancy, consumers should be advised to maintain a high fish and seafood intake that is low in Hg
contamination. Additional research is needed to determine the identity of the nutrients responsible for the beneficial effects.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction were virtually unaffected (Harada, 1995; Igata, 1993).

Recent epidemiological studies have found more subtle

Methylmercury (MeHg) is a worldwide contaminant
found in seafood and freshwater fish. It is a well-
established neurotoxicant that can have serious adverse
effects on the developing nervous system. The toxicity of
MeHg was known from occupational exposures over 100
years ago. In Minamata, Japan, infants were born with
serious neurological damage, even if their exposed mothers
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adverse effects on brain functions at lower levels of MeHg.
Mercury-related neuropsychological dysfunctions were
most pronounced in the domains of language, attention,
and memory, and to a lesser extent, in visuospatial and
motor functions. In addition, delayed peak latencies in the
brainstem auditory evoked potentials (BAEP) were asso-
ciated with prenatal and recent MeHg exposure (Debes
et al., 2006; Grandjean et al., 1997; Murata et al., 2004).
Impaired performance on behavioral tasks, such as the
differential reinforcement of low rates task (DRL), has
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been found among children prenatally exposed to low-level
MeHg and other environmental contaminants (Stewart
et al., 2006). A recent case—control study found that an
increased blood-Hg concentration was associated with
attention-deficit hyperactivity disorder (ADHD) (Cheuk
and Wong, 2006).

Selenium (Se) is a trace mineral that is essential to health.
Good sources of Se include fish and seafood, as well as
eggs, meat, and vegetables. Se is a constituent of
selenoproteins, which are important antioxidant enzymes
and catalyst for the production of active thyroid hormone
(Rayman, 2000). Although the physiologic functions of Se
in the brain are not well understood, studies have found
that Se and certain selenoproteins are particularly well
maintained despite prolonged Se deficiency, suggesting the
important role of Se in this organ (Chen and Berry, 2003;
Whanger, 2001).

Experimental studies have suggested that Se may
decrease MeHg toxicity under certain exposure regimens.
In one of the earliest experiments, Parizek and Ostadalova
(1967) showed that Se reduced the acute toxicity of Hg
injected into rats, suggesting that Se might complex with
Hg in the blood to decrease the availability of each element
(Ganther et al.,, 1972). In another model, quails given
MeHg in diet containing tuna survived longer than quails
given the same concentration of MeHg in a corn-soya diet,
implying Se that was present in the tuna was responsible
for this effect (Ganther et al., 1972). In a separate study in
rats, Ganther et al. (1972) showed that MeHg toxicity was
decreased by the levels of Se in a diet that were comparable
to that was supplied by tuna. In an in utero MeHg and Se
study on mice, the group that was given the lowest amount
of Se and the highest dose of MeHg was mostly adversely
affected in neurobehavioral outcome (Watanabe et al.,
1999). A recent study on rodents showed that antioxidant
nutrients Se and Vitamin E in a diet may alter MeHg
reproductive and developmental toxicity (Beyrouty and
Chan, 2006).

In epidemiological studies, the exposure to methylmer-
cury occurs from fish and seafood, which are also a
source of beneficial nutrients such as selenium. However,
little is known about the potential protective effect
of Se against MeHg neurotoxicity in humans. The
current study was undertaken to assess the potential
interaction between these two elements in the Faroe
Islands, a Nordic fishing community with limited social
differences, where meals included frequent consumption
of seafood and pilot whale meat (Grandjean et al., 1992).
The traditional intake of whale meat is a source of
excess exposure to MeHg, while other types of seafood
contain lower MeHg concentrations (Weihe et al.,
2005). We modeled neurobehavioral examinations
conducted on two cohorts in this community incorporating
Se and MeHg exposures and potential confounders
to evaluate whether increased Se levels were associated
with decreased mercury-related neuropsychological dys-
functions.

2. Materials and methods
2.1. Study population

Two cohorts of singleton births were assembled in the Faroe Islands,
where the marine diet includes also the consumption of pilot whale meat, a
source of MeHg exposure. Cohort 1 was assembled during a 21-month
period of 1986-1987 (Grandjean et al., 1992, 1997). Of the 1022 children, a
total of 917 completed the neuropsychological examinations at age 7
years. Cohort 2 consisted of 182 infants recruited from births at the
National Hospital in Torshavn, Faroe Islands (Steuerwald et al., 2000).
Children who were born before the 36th week in gestation, or had
congenital neurologic disease were excluded. The Faroese Ethical Review
Committee approved the protocols of both studies, and written informed
consent was obtained from all parents.

2.2. Measurements of exposure

We used the mercury concentration in whole blood from the umbilical
cord as the primary indicator of prenatal exposure to MeHg (Grandjean et
al., 1992, 1997). Cord blood samples were obtained at birth and mercury
analysis was performed in duplicate by flow-injection cold-vapor atomic
absorption spectrometry after digestion of the sample in a microwave
oven. Details of analytic methods and quality control procedures are
described elsewhere (Grandjean et al., 1992). Mercury concentrations
reported in units of micrograms/liter (ug/L) may be converted to
nanomoles/liter (nmol/L) by multiplying by 5.0.

Se in cord blood samples were determined by electrothermal atomic
absorption with Zeeman background correction. Methods and procedure
of the analysis have been documented (Grandjean et al., 1992). Results of
Se concentration in micrograms/liter (ug/L) may be converted to
micromoles/liter (umol/L) by dividing by 79.

2.3. Outcome measurements

Neuropsychological tests were chosen to include tasks that would be
affected by the neuropathological abnormalities that have been described
in congenital MeHg poisoning (Harada, 1995; National Research Council,
2000). The tests reflect different domains of brain function.

Details of test administration and results for the two cohorts at 7 years
of age have been previously published (Grandjean et al., 1997). We
included tests of motor function — Neurobehavioral Evaluation System
(NES) (Dahl et al., 1996; Letz and Baker, 1998) — Finger Tapping Test
and Hand-Eye Coordination Test; attention — NES Continuous
Performance Test and Wechsler Intelligence Scale for Children-Revised
(WISC-R) (Wechsler, 1974); visuospatial performance — WISC-R Block
Design and Bender Visual Motor Gestalt Test, copy condition (Schlange
et al., 1977) (a copying block design test was used in cohort 2 in place of
the Bender Test); language — Boston Naming Test (Kaplan et al., 1983);
and short-term memory — California Verbal Learning Test (Children)
(Delis et al., 1994).

Neurologic examination (Prechtl, 1977) of the cohort 2 children was
carried out at 2 weeks (adjusted for gestational age), 18 months, 42
months, and 90 months. To assess functional abilities, reflexes and
responses, and the stability of behavioral status during the examination,
items are classified as clinically optimal, questionable, or suboptimal. The
neurologic optimality score (NOS) is the number of items (out of 60) that
are rated optimal. Details of the examination and results at 2 weeks have
been published (Steuerwald et al., 2000).

2.4. Measurements of confounders

The set of confounders for cohort 1 has been reported in Grandjean
et al. (1997). The covariates were chosen based on the prior knowledge of
potential influence on the outcome variables and the epidemiologic setting
in the Faroe Islands (Budtz-Jorgensen et al., 2007a). The child’s
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Table 1

Mercury (Hg) and selenium (Se) exposure levels for the two Faroese birth cohorts, cohort 1 (1986-1987) and cohort 2 (1994-1995)

Concentration (pg/L)

Concentration (nmol/L)

N Geometric mean

Interquartile range

Geometric mean Interquartile range

Cohort 1
Cord blood Hg" 899 22.9
Cord blood Se® 880 111.6
Hg/Se molar ratio

Cohort 2
Cord blood Hg" 163 20.9
Cord blood Se® 142 102.5
Hg/Se molar ratio

13.4-41.3
100.8-123.1

12.5-40.0
93.2-112.0

114.3 67.0-206.5
1412.5 1276-1558
0.08 0.05-0.15

104.7 62.4-200.0
1297.2 1180-1418
0.08 0.05-0.14

“To convert nanomoles to pg, divide by 5.0.
®To convert nanomoles to pg, divide by 1000, and multiply by 79.

characteristics included sex, age, and medical risk factor at birth and
whether the child was in daycare were determined as binary (yes/no)
variables. Characteristics of the parents considered were maternal Raven
intelligence score and professional training, paternal professional training
and employment.

A similar set of confounders was used for cohort 2, including the Home
Observation for Measurement of the Environment (HOME) evaluation
(Caldwell and Bradley, 1985). Since the cohort 2 children were already in
school at age 90 months, daycare was not included as a confounder.
Previously defined medical risk factors (Grandjean et al., 1997) (97% did
not have any) did not show any relationship with mercury exposure and
were not further considered. Covariates included in the NOS analyses were
the same for the 2 weeks (Steuerwald et al., 2000), although without age
correction for gestational age.

2.5. Statistical analyses

Most of the neurobehavioral test scores approximated a Gaussian
distribution except for Block Design (transformed to the square root of
the score + 1), and the number of missed responses on the Continuous
Performance Test (transformed to the natural logarithm of the score +1).
The cord blood mercury and Se levels were log (base 10) transformed. We
performed multiple regression analyses for each of the neuropsychological
outcomes, with the mercury and selenium levels, and an interaction
parameter between the two exposures, and potential confounders as
independent variables. The Se levels were expressed in three groups
according to the quartiles of the distribution — lowest 25%, middle 50%,
and highest 25%, respectively. The Se levels in cohort 2 were lower than
those of cohort 1. Cutoff points for quartiles of Se levels were, therefore,
different for the two cohorts. We assessed the significance of the
interaction of mercury with the three groups of Se exposure and possible
trends of mercury exposure among the three Se groups. The three groups
of Se in cohort 1 were: <100 pg/L, 100-120 pg/L, and > 120 pg/L; and in
cohort 2:<93,93-112, and > 112 ng/L. Because the test scores were not of
the same magnitude and transformation had been used, regression
coefficients were expressed as change (in percent of the standard deviation
of the unadjusted outcome parameter) in neurobehavioral performance
associated with a doubling of the cord blood mercury by Se exposure
levels. We report two-sided p-values.

3. Results

The geometric mean cord blood Hg and Se levels were
similar in cohorts 1 and 2 (Table 1), although cohort 2 had
lower cord blood Hg and Se levels. The interquartile range
(IQR) of Hg concentrations spanned almost a factor of

1000 -

100 -

Cord blood Hg (nmol/L)

1.0 1.5 2.0 2.5 3.0
Cord blood Se (umol/L)

Fig. 1. Plot of mercury and selenium molar concentrations in cord blood
of the first Faroese birth cohort.

three, whereas the IQR of Se levels had narrow ranges.
Surplus Se was present in cord blood, the average being a
10-fold molar excess above MeHg. The correlation between
Hg and Se was 0.35 (p<0.001) for cohort 1 (Fig. 1), and
0.29 (p<0.001) for cohort 2. The geometric means and
IQR of Hg exposure among quartiles of Se levels were
similar in both cohorts (Table 2), with levels of Hg in
cohort 1 slightly higher than those of cohort 2 in all Se
groups. Hg/Se molar ratio had a strong correlation with
Hg (r =0.98, p<0.001; r =0.97, p<0.001 for cohorts 1
and 2, respectively), but the Se/Hg molar ratio with Se was
weak (r=—0.18, p<0.001 for cohort 1; r= —0.12,
p =0.14 for cohort 2). The Hg/Se molar ratio did not
remain constant, but rather, it increased linearly as Hg
concentration increased (Fig. 2).

Maternal, child, and household characteristics for both
cohorts are described elsewhere (Grandjean et al., 1997,
1992). Briefly, similar numbers of boys and girls partici-
pated in both cohorts. Fourteen infants in cohort 1 had
birth weights below 2500g, but none in cohort 2. In
cohorts 1 and 2, 49% and 51% of mothers consumed three
or more fish meals per week, and 51% and 35% consumed
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Table 2
Mercury (Hg) exposure by quartiles of selenium (Se) levels for the two
Faroese birth cohorts

Hg exposure levels (ug/L)

Interquartile
range

Geometric
mean

Se groups N

Cohort 1

Quartile 1 211 16.1
(<100 pg/L)

Quartiles 2-3 413 21.5
(100-120 pg/L)

Quartile 4 275 329
(>120pg/L)

9.6-29.9
13.0-36.6

20.1-56.6

Cohort 2

Quartile 1 35 15.8
(<93pg/L)

Quartiles 2-3 72 19.3
(93-112 pug/L)

Quartile 4 35 29.8
(>112pg/L)

9.0-34.1

11.5-33.6

16.0-49.5

0.8 1

0.6 1

0.4 1

Hg/Se molar ratio

0.2 4

0.0

0 200 400 600 800 1000
Cord blood Hg (nmol/L)

Fig. 2. Plot of cord blood mercury molar concentration versus Hg/Se
molar ratio of the first Faroese birth cohort.

more than two whale meat meals per month, respectively,
confirming that this fishing population is highly dependent
on seafood, including pilot whale. Most of the pregnant
women were non-smokers (61% in cohort 1, and 69% in
cohort 2). Similarly, only 24% occasionally drank alcoholic
beverages in cohort 1, and 13% in cohort 2.

We constructed multivariate models to assess the
association between change in neurobehavioral outcomes
with mercury among the three groups of selenium levels
with adjustment for potential confounders for cohorts 1
and 2 (Tables 3 and 4). Although interactions between
MeHg and Se were significant on the finger tapping non-
preferred hand condition, total missed response on reaction
time, and similarities on the WISC-R, no clear overall
trends were observed. The mercury effect was the strongest
with the non-preferred hand finger tapping and the CPT
missed response in the low selenium group, but it was

strongest with similarities in the high Se group. The only
significant interaction was on the Boston Naming Test with
clues in cohort 2, with the strongest mercury effect in the
medium Se group. Except for a near significance between
Se and MeHg with NOS at 2 weeks, no significant
interactions were found with the cohort 2 neurologic
examinations (Table 5). Overall, there was no consistent
trend in effects of mercury on outcomes in the three Se
groups in both cohorts.

4. Discussion

We found no evidence that Se was a significant
protective factor against MeHg neurotoxicity in the
Faroese study population—increased Se levels were not
associated with decreased mercury-related neuropsycholo-
gical dysfunctions.

In contrast, numerous animal studies have reported that
Se may decrease MeHg toxicity (Beyrouty and Chan, 2006;
Ganther et al., 1972; Parizek and Ostadalova, 1967;
Whanger, 1992). These experimental studies provide an
understanding in how Se and MeHg may interact under
different exposure regimens. Groups of mice, for example,
were given low dietary amounts of Se in a study to
investigate the effects of MeHg exposure and in utero Se
deficiency on neurobehavior outcome (Watanabe et al.,
1999). In a study to examine the concentration of blood
and brain MeHg and Se that model the conditions of
human exposure more closely, the female rats were exposed
to three levels of MeHg and two levels of dietary amounts
of Se, with one level at the low end of recommended
intakes from laboratory studies (Newland et al., 2006).

Under some circumstances, episodic exposures can result
in bolus doses of MeHg during sensitive windows of
development. Preliminary results from a recent experi-
mental study found no difference in Hg accumulation in
the brain and neuronal damage between bolus versus
constant MeHg doses (Sakamoto et al., 2007). Since most
animal models are deficient in Se, it is therefore unlikely
that bolus doses of MeHg could temporarily overwhelm
available Se.

Any protective effect of Se against mercury-related
neuropsychological dysfunctions in humans, however, has
not been documented so far. Se, a trace mineral, is an
essential nutrient of fundamental importance to human
health. Deficiency in Se in humans has been linked to viral
infections, hypothroidism, cardiovascular diseases, and
adverse mood states (Rayman, 2000). The latter was
postulated to be caused by low levels of Se, which
influences compounds with hormonal activity and neuro-
transmitters in the brain (Whanger, 2001). Adequate
dietary intake of Se is, therefore, crucial for good health.

We assessed the possible interaction between these two
elements with a cohort of over 1000 births and a secondary
cohort of over 180 births in a community with high MeHg
exposure from consumption of pilot whale meat and Se
from fish and seafood. The large study population
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Table 3

Change in neurobehavioral test performance (expressed as percent of standard deviation) at age 7 years (cohort 1) associated with a doubling of the cord
blood mercury (Hg) concentration by selenium (Se) exposure levels (lowest 25%, 50%, and highest 25%), with adjustment for covariates®

Se exposure

Low® Medium® High® Interaction

Test Change 95% CI Change 95% CI Change 95% CI p-value
NES?2 finger tapping

Preferred hand —11.0 —21.4,-0.55 —0.34 —9.02,8.34 —8.43 —18.7,1.81 0.25

Non-preferred hand —13.3 —23.4,3.25 4.81 —3.7,13.3 —4.77 —14.7,5.18 0.02

Both hands —8.27 —18.9,2.34 —3.98 —12.8,4.82 —1.26 —11.6,9.03 0.64
NES2 hand-eye coordination

Error score® 8.03 —2.66,18.7 —-0.14 —9.14,8.86 2.32 —8.25,12.9 0.51
NES2 continuous performance test

Average reaction time (ms)® 30.9 12.3,49.6 18.4 4.73,32.0 11.5 -2.37,25.3 0.26

Log total missed response® 40.2 21.0,59.4 0.66 -13.6,14.9 2.21 -12.3,16.7 0.002
Wechsler Intelligence Scale For Children-Revised

Digit spans —1.91 —13.0,9.14 —1.67 —10.9,7.53 —7.38 —18.2,34 0.69

Similarities —2.38 —14.0,9.2 8.86 —0.81,18.5 -9.8 —21.1,1.49 0.04

Squareroot block designs —8.22 —18.7,2.22 —2.62 —11.4,6.14 —3.86 —14.1,6.35 0.71
Bender Visual Motor Gestalt Test

Errors on copying® 8.89 —1.38,19.2 —0.84 -9.4,7.73 3.36 —6.79,13.5 0.36

Reproduction —6.56 —17.4,4.28 —8.97 —18.3,0.32 7.57 —3.17,18.3 0.06
Boston Naming Test

No cues -10.9 —21.2,0.56 —6.03 —14.6,2.55 —6.55 —16.6,3.46 0.76

With cues —9.09 —19.2,1.01 —6.17 —14.6,2.23 —10.2 —20.1,0.23 0.82
California Verbal Learning Test

Learning =77 —18.2,2.81 —1.07 —9.8,7.66 1.56 —8.72,11.8 0.44

Short-term —6.31 —17.1,4.52 —3.41 —12.4,5.63 —7.21 —-17.7,3.3 0.85

reproduction

Long-term 4.01 —6.85,14.9 —10.5 —19.7,1.38 —5.49 —16.2,5.21 0.13

reproduction

Recognition —8.97 —20.1,2.17 0.37 —8.93,9.68 —4.80 —15.9,6.25 0.44

“Age at testing, sex, maternal Raven score, medical risk factor, maternal and paternal training, paternal employment, and daycare. For computer
assisted tests, the child’s acquaintance with computers and computer games were included.
"Low, medium, and high Se groups represent lowest 25%, 50%, and highest 25%, respectively.

“Higher scores indicate worst performance

provided statistical power to detect of interactions of
clinical relevance. Comparing only the low and high Se
exposure groups for all outcomes in Table 3, the length of
the confidence intervals is approximately 20% (the nice
agreement is a result of expressing the standardized effects
of the test scores which were not of the same magnitude
and that transformation was used for some of the scores).
This means that in this study, a difference in mercury
effects of 20% would have been significant. The 20%
difference that we fail to see refers to each of the single
outcome analyses performed, indicating the strength of
power in our study. Because we actually compared three Se
groups, the real power would be somewhat stronger.

Se in cord blood, which was used as a biomarker of Se for
the study, reflects long-term exposure (WHO, 1987). Plasma
or serum Se reflects only short-term status (Thomson, 2004).
The cord blood Se concentrations in our cohorts were higher
than those seen in populations that were not dependent on
marine food (Grandjean et al., 1992).

Previous established results from cohort 1 show that
decrements in specific functional domains of attention,
language, and verbal memory were associated with
prenatal MeHg exposure (Grandjean et al., 1997). The
present results show no clear trend of adverse mercury
effects on the neurodevelopmental outcomes with varying
levels of selenium. In support of a possible selenium
interaction, adverse mercury-related effects were found
with finger tapping with preferred hand, and this effect was
significant only in low Se subgroup, but not in the
medium or high Se groups, thereby resulting in a non-
significant interaction. Similarly, significant Hg-related
dysfunctions were only with low and medium Se groups
on the continuous performance test average reaction
time, but not on the high Se group. Except for the
borderline statistical significant interactions of three
outcomes — total missed response of continuous perfor-
mance test, non-preferred hand condition of finger
tapping, and similarities in the WISC-R, most of the
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Change in neurobehavioral test performance (expressed as percent of standard deviation) at age 7 years (cohort 2) associated with a doubling of the cord

blood mercury (Hg) concentration by selenium (Se) exposure levels (lowest 25%, 50%, and highest 25%), with adjustment for covariates®

Se exposure

Low® Medium® High® Interaction
Test Change 95% CI Change 95% CI Change 95% CI p-value
NES?2 finger Tapping
Preferred hand 25.8 —6.02,-57.7 14.6 —16.8,45.9 28.4 —9.52,66.4 0.82
Non-preferred hand 11.8 —16.4,36.0 4.81 —21.9,29.8 23.6 —11.7,50.8 0.73
Both hands 3.95 —52.7,67.4 -21.9 —81.1,37.3 43.6 —28.0,115.3 0.35
NES2 Continuous Performance Test
Average reaction 4.31 —28.3,36.9 34.0 2.26,65.8 —14.5 -54.1,25.0 0.14
Time (ms)°
Log total missed 7.5 —25.5,40.5 14.7 —17.4,46.9 —-25.4 —65.4,14.7 0.27
response®
Wechsler Intelligence
Scale for Children-Revised
Digit Spans® 243 —31.4,36.2 —2.63 —35.2,29.9 4.90 —35.5,45.3 0.95
Similarities —18.2 —49.5,13.1 1.67 —28.5,31.9 20.3 —57.6,17.0 0.55
Squareroot block —13.6 —47.3,20.0 —15.0 —47.4,174 9.02 —31.2,49.2 0.59
designs
Copying block design —10.5 —38.0,16.9 8.76 —17.7,35.2 —2.79 —35.6,30.0 0.59
Boston Naming Test
No cues 7.74 —25.3,40.8 —35.7 —67.6,—-3.85 8.57 —30.9,48.1 0.10
With cues 9.18 —23.7,42.1 —38.9 —70.6,—7.12 11.7 —27.6,51.0 0.05
California Verbal
Learning Test
Learning —3.63 —31.5,24.3 —6.34 —33.2,20.6 —24.3 —57.6,9.08 0.59
Short-term
Reproduction —134 —4.51,18.2 —8.18 —38.7,22.3 —3.78 —41.6,34.1 0.92
Long-term
Reproduction -10.9 —43.6,21.8 13.9 —17.6,45.4 —5.52 —44.6,33.6 0.52
Recognition —6.14 —33.0,20.7 —8.37 —34.3,174 —2.86 —35.0,29.3 0.96

“Low, medium, and high Se groups represent lowest 25%, 50%, and highest 25%, respectively.
Age at testing, sex, parity, maternal Raven score, maternal and paternal training, paternal employment, maternal smoking during pregnancy, and
HOME score. For computer assisted tests, the child’s acquaintance with computers and computer games were included.
“Higher scores indicate worst performance.

dScore for digit span was total number of correct trials forward and backward.

Table 5

Change in neurological optimality score, NOS (expressed as percent of standard deviation) at age 2 weeks, 18 months, 42 months, and 7.5 years (cohort 2)
associated with a doubling of the cord blood mercury (Hg) concentration by selenium (Se) exposure levels (lowest 25%, 50%, and highest 25%), with

adjustment for covariates®

Se exposure

Low" Medium® High® Interaction
Test Change 95% CI Change 95% CI Change 95% CI p-value
NOS at 2 weeks -1.0 —25.7,23.6 —28.4 —48.2,-8.55 9.09 —21.2,39.3 0.07
NOS at 18 months —0.44 —29.3,28.4 —4.46 —28.4,19.5 0.69 —34.1,35.5 0.96
NOS at 42 months 20.8 —12.5,54.0 —11.3 —37.1,14.6 -27.9 —64.2,8.34 0.13
NOS at 7.5 years —5.27 —35.8,25.3 27.5 4.24,50.7 5.59 —30.0,41.2 0.21

“Age at testing (at 18, 42 months and 7.5 years), gestational age (at 2 weeks), sex, and diabetes mellitus.
®Low, medium, and high Se groups represent lowest 25%, 50%, and highest 25%, respectively.

interactions in cohort 1 were weak. Although the three
interactions were significant, the patterns of adverse
mercury effects were inconsistent. The observed interac-

tions may be a chance finding from the 17 outcomes, or
consequent to residual confounding. Despite the small
sample size of cohort 2, a similar inconsistent trend was
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found with Boston Naming Test with cues, the only
outcome with a significant interaction.

Molar ratio has been used to examine the potential
interactions between Hg and Se (Newland et al., 2006).
Among our subjects, surplus Se was present in cord blood,
the average being a 10-fold molar excess above MeHg
(Table 1). Compared to the experimental studies, animals
with Hg/Se molar ratio close to 1:1 did not show any overt
signs of Hg or Se intoxication despite high levels of Hg and
Se, suggesting the mutually protective effect against the
toxicity caused by the elements (Cuvin-Aralar and Furness,
1991). A recent experimental study found that appearance
of overt neurological symptoms resulted from a molar
excess of Hg over Se, while a molar excess of Se prevents
such manifestations (Reed et al., 2006). The level of Se
concentrations in cord blood and the excess molar
concentration of Se suggested that all Faroese children
are Se sufficient. Our results showing the lack of interaction
between the two elements are in agreement with the Reed et
al. findings at high Se intake levels.

The considerable scattering between Hg and Se (Fig. 1)
suggests that variable amounts of Se are not bound to Hg
in cord blood. Unlike Hg concentration, the Se concentra-
tion generally varied within a narrower interval (Table 1,
Fig. 1). As Hg concentration increased, the Hg/Se molar
ratio did not remain constant, but rather, it increased
linearly (Fig. 2).

In epidemiological studies, fish intake may seem to
compensate for some MeHg-associated effects. MeHg is a
common contaminant of seafood, which also contains
major essential nutrients. Recent published results on
cohort 1 found that adjustment of fish intake and the
corresponding error resulted in more adverse MeHg-
related neuropsychological dysfunctions (Budtz-Jergensen
et al., 2007b). Similar results were found in cohort 2 (results
not shown). These findings suggest that to prevent under-
estimation, the estimations of toxic effects of mercury and
the beneficial effects of seafood should be mutually
adjusted. Similar to the approach for fish intake, our
adjustment for Se in the statistical models did not reveal a
greater adverse effect of MeHg on the outcomes, thus
suggesting that Se intake cannot explain the significant
benefits associated with fish intake. Correlations between
fish intake and Se were low in both cohorts (r = 0.094,
p =0.005 and r =0.24, p = 0.004 for cohorts 1 and 2,
respectively), suggesting that although fish is a source of Se,
there are other dietary Se sources such as plants and meats.

There are several limitations in the interpretation of our
findings. First, the narrower range of Hg exposure within
each Se group might limit a possible interaction between
the two elements. However, we found similar results when
we included continuous Se levels (instead of the three Se
categories) in the interaction models. In addition, although
our study population is a rather homogenous community
with limited social differences, additional confounders that
were not adjusted for in the analyses may result in residual
confounding. We had limited power to assess the interac-

tion in cohort 2, which might likely explain the null
findings. However, the lack of significant tendencies of
adverse mercury-related effects among Se groups was
consistent with those found in cohort 1.

In conclusion, Se was not found to have significant
protective effect against MeHg neurotoxicity. The Se
concentrations suggested that all the study children were
fully Se sufficient. In addition, the Se intake cannot explain
the significant benefits associated with fish intake. Preven-
tion, therefore, needs to address MeHg exposures rather
than Se intakes. Because of the benefits associated with fish
intake during pregnancy, consumers should be advised to
maintain a high fish seafood intake that is low in Hg
concentration. Additional research is needed to determine
the identity of the nutrients responsible for the beneficial
effects.
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