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Abstract
Background—Dental amalgams contain approximately 50% metallic mercury and emit small
quantities of mercury vapor. Controversy surrounds whether fetal exposure to mercury vapor from
maternal dental amalgams has neurodevelopmental consequences.

Methods—Maternal amalgam status during gestation (prenatal mercury vapor exposure) was
determined retrospectively on 587 mother-child pairs enrolled in a prospective longitudinal cohort
study of effects of prenatal and recent postnatal methylmercury exposure on neurodevelopment.
Covariate-adjusted associations were examined between 6 age-appropriate neurodevelopmental
tests administered at 66 months of age and prenatal maternal amalgam status. Models were fit
without and with adjustment for prenatal and recent postnatal methylmercury exposure metrics.

Results—Mean maternal amalgams present during gestation were 5.1 surfaces (range 1-22) in
the 42% of mothers with amalgams. No significant adverse associations were found between the
number of prenatal amalgam surfaces and any of the 6 outcomes, with or without adjustment for
prenatal and postnatal methylmercury exposure. Analyses using our secondary metric, prenatal
amalgam occlusal point scores, showed an adverse association in males only on the Letter Word
Recognition subtest of the Woodcock-Johnson Tests of Achievement, and several apparently
beneficial associations for females only.

Conclusions—This study provides no support for the hypothesis that prenatal mercury vapor
exposure from maternal dental amalgams results in neurobehavioral consequences in the child.
These findings need confirmation from a prospective study of co-exposure to methyl mercury and
mercury vapor.
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Introduction
The use of amalgams for dental restorations was introduced over 160 years ago. Favorable
physical properties, superior durability, and economical cost made amalgam the preferred
restorative material for billions of teeth. Recent studies indicate amalgam continues to be
used frequently today. A dental practice-based research network (DPBRN) encompassing
229 dentists in Alabama, Mississippi, Florida, Georgia, Minnesota, Denmark, Norway, and
Sweden, reported 38% of all recently placed restorations were amalgam, accounting for 45%
of premolar restorations and 47% of molar restorations.1 Dentists participating in the
Northwest PRECEDENT DPBRN (Oregon, Washington, Idaho, Montana, and Utah)
reported using dental amalgam for 28% of restorations placed in children and adolescents,
and for 22.7% of restorations placed in adults over the preceding 12 months.2 Placement of
dental amalgam restorations remains significant in all age groups, including children and
women of child-bearing age.

Dental amalgam is composed of approximately 50% metallic mercury, an inorganic form of
mercury. Amalgams present in the oral cavity continuously expose an individual to small
amounts of mercury vapor (Hg0) released from the surface over the lifetime of the
restoration.3 Chronic exposure to higher levels of Hg0 is known to result in neurotoxicity
consisting of various sensory, motor, cognitive and personality disturbances, but the lowest
level of exposure where such associations occur is not presently known.3 Numerous reviews
have suggested low level Hg0 exposure from dental amalgam restorations in adults is
unlikely to result in adverse health effects.4-8 However, data for children is limited. Results
from two randomized clinical trials in older children comparing postnatal exposure to Hg0

from dental amalgam to composite restorations found no significant differences in children
with amalgam restorations on neurobehavioral assessments or nerve conduction velocity9, or
in adverse neuropsychological and renal functions.10

Although Hg0 crosses the placenta, there are very limited scientific data to adequately assess
whether there are health risks to the developing human fetus from maternal dental
amalgams.8,11 Several animal studies suggest that adverse neurodevelopmental outcomes in
offspring can be a consequence of prenatal exposure to Hg0 when exposure is at levels
higher than those associated with dental restorations.12-15 Moreover, a recent study in rats
found neurotoxic risk may be elevated in offspring co-exposed during gestation to Hg0 and
methylmercury (MeHg), an organic form of mercury.16 Comparable human studies are
lacking, as noted by an independent Scientific Committee of the European Union (2008)
which stated, “with respect to populations at risk, there is a lack of information about effects
in pregnant women”.6 More recently, the FDA (2009) reviewed the issue of dental
amalgams and neurodevelopment and issued a report entitled ‘Final Regulation on Dental
Amalgam’. In it the FDA similarly states “there is limited clinical information about the
potential effects of dental amalgam fillings on pregnant women and their developing fetuses,
and on children under six”.17

To address prenatal exposure to Hg0 from amalgam, we retrospectively reconstructed the
maternal amalgam status during gestation for mothers of children enrolled in the Seychelles
Child Development Study (SCDS) Main Cohort. This cohort of children was of interest
because they were exposed to elevated levels of MeHg both prenatally and postnatally due
to a diet high in fish and had already had extensive neurodevelopmental testing. We first
examined the association between children's prenatal Hg0 exposure (using maternal
amalgam status as a biological marker) and test results from their 66 month test battery. We
then examined the association with adjustment for prenatal and recent postnatal MeHg
exposures to determine whether co-exposure to the inorganic (Hg0) and organic (MeHg)
forms of mercury influenced the analyses.
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Methods
Subjects

The SCDS Main Cohort is a well-described group of 779 mother-infant pairs residing in the
Republic of Seychelles. They were enrolled in 1989-1990 in a prospective, double-blind,
longitudinal study designed to test the hypothesis that prenatal MeHg exposure from a
maternal diet high in fish is related to child neurodevelopmental outcomes. At enrollment
the mothers consumed an average of 12 fish meals per week.18 The children were evaluated
at multiple ages through age 19 years using batteries of neuropsychological tests to
determine their cognitive and neurological development.19-23 Of the original 779 mother-
child pairs enrolled in the SCDS Main Cohort, 711 were evaluated at 66 months of age and
were eligible to participate in this dental study. We were able to recapitulate maternal dental
status in 587 mothers. This study was reviewed and approved by the institutional review
boards of the University of Rochester, Rochester, NY, and the Ministry of Health, Republic
of Seychelles. Informed consent/assent was obtained from all study participants.

Determination of Maternal Dental Amalgam Status and Exposure
In the Republic of Seychelles dental care is free and most residents utilize the national dental
facilities where comprehensive historic records are maintained. Approximately 10 years
after the birth of the child, mothers were recalled and their dentition was clinically examined
for the presence of amalgam restorations. Subsequently, dental personnel completed a
retrospective abstraction of the mother's dental records. They specifically addressed
placement and disposition of amalgam restorations.

The detailed strategy utilized to reconstruct the maternal dental amalgam status during
gestation is shown in Table 1. In brief, amalgam restorations with documentation of
placement prior to pregnancy and presence after the child's birth were considered as being
present during gestation, as were amalgams known to have been placed during gestation.
Amalgams documented as being placed prior to pregnancy, but with no further proof of
retention, and also amalgams with no history of placement, but present at the time of
examination, were considered as ‘possibly’ present during gestation. Amalgams known to
have been initially placed after the birth of the child were excluded.

Our primary metric of prenatal Hg0 exposure was the total number of amalgam surfaces
present in the mother during gestation. This metric takes into account all surfaces of
amalgam available for Hg0 release and has been extensively used as a measure of
exposure.10,24-30 We also used a secondary exposure metric modified from the “amalgam
points” scoring of Olstad et al.31 For this metric we considered only the occlusal surfaces of
amalgams on premolars and molars, and assigned a score of 1 for small size occlusal
amalgams such as pits, 2 for medium size occlusal amalgams on premolars, and 3 for large
size occlusal amalgams on molars. Significant release of Hg0 from amalgams during
chewing has been well documented and likely occurs primarily from the occlusal amalgam
surfaces.32 Maserejian and coworkers studied various amalgam exposure measures in
children and found the metric that included posterior occlusal surfaces to be the best
predictor of cumulative urinary Hg excretion, the common biomarker of Hg0 exposure.30

The summed scores constitute our “occlusal points” score and are more representative of the
surface area available to actively release Hg0 from amalgams during chewing.

To account for the uncertainty regarding the true maternal gestational amalgam status in this
retrospective reconstruction, we determined two levels of exposure to the amalgam metrics
in our statistical models (Table 1). The Lower Exposure Limit (LEL) is the total of all
amalgam surfaces or occlusal points with a high likelihood of having been present during
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gestation, while the Upper Exposure Limit (UEL) includes all the LEL points or surfaces,
plus those amalgams possibly present during gestation.

We also created indicator variables for whether any amalgam surfaces or any occlusal points
were placed during pregnancy. These variables were considered in secondary models.

Metrics of Other Exposures
Prenatal MeHg exposure was previously determined by assessing the concentration of total
mercury (THg) in a segment of maternal hair growing during gestation.19 Recent postnatal
MeHg was previously determined by measuring THg in the 1 cm segment of hair closest to
the child's scalp at the time the test battery was administered.21 Greater than 80% of THg in
hair samples from a fish-eating population is in the form of MeHg, and THg is a commonly
used marker of MeHg exposure.33,34,35 Mercury concentrations in hair correlate with
consumption of fish, but not with Hg0 or the number of amalgam restorations.26,36,37,38

Maternal amalgam status and maternal THg therefore represent separate and discreet
exposure metrics for prenatal Hg0 and prenatal MeHg, respectively. Exposure levels of other
toxicants in Seychelles are low. Lead levels in whole blood from Seychellois children and
mothers were determined previously to be less than 0.48 μmol/L (10 μg/dL).33 Levels of
polychlorinated biphenyls in blood from a subset of 49 cohort children at age 66 months
were below the limit of detection (0.2 ng/mL).21

Outcomes and Other Measures
At age 66 months a comprehensive test battery was administered to the children.21 The test
battery assessed overall intelligence [General Cognitive Index (GCI) of the McCarthy Scales
of Children's Abilities (MSCA)]39, expressive and receptive language ability [Preschool
Language Scale (PLS) Total Score]40, reading and arithmetic achievement [Letter Word
Recognition and Applied Problems subtests of the Woodcock-Johnson (W-J) Tests of
Achievement]41, drawing and copying to measure visual-spatial ability (Bender Gestalt test
using the Koppitz scoring protocol)42, and the child's social and adaptive behavior [Child
Behavior Checklist (CBCL)]43. For the GCI, PLS, and both W-J Tests of Achievement a
higher score indicates better performance. For the Bender Gestalt and CBCL a lower score
indicates improved performance

Covariates measured during the evaluation included sex, birth weight, maternal age, the
preschool version of the Home Observation for Measurement of the Environment (HOME:
an in home observation that rates quality of the home environment and interactions between
parent and child)44, Hollingshead Four- Factor SES45 (an index combining educational level
and job classification of both parents), pure tone hearing thresholds on the children,
caregiver IQ (Raven Standard Progressive Matrices, a culture-free test which uses visual
geometric drawings of increasing complexity)46.

Statistical Analysis
We examined the covariate-adjusted associations between each of the six outcomes and
prenatal Hg0 exposure, using four different estimators of prenatal Hg0 exposure: the number
of amalgam surfaces using the LEL, amalgam surfaces using the UEL, occlusal point score
using the LEL, and occlusal point score using the UEL. Models for each outcome and Hg0

exposure metric were fit without and then with adjustment for prenatal and recent postnatal
MeHg exposure metrics. Each model was first examined for an interaction between the
prenatal Hg0 metric and sex. If the interaction was significant, then the model was reported
with the interaction. Otherwise, the model was rerun and reported without this interaction.
The Hg0 metric by sex interaction allows the slope relating the Hg0 metric to the outcomes
to differ for males and females. Because there was no biological reason to expect non-
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additive effects of prenatal Hg0 and MeHg exposures, we did not examine an interaction
between MeHg exposure and the prenatal Hg0 metric.

All regression models adjusted for the same covariates as in the primary analysis for this
cohort, which were chosen based on their potential to impact the association between Hg
and outcomes.21 The child-related covariates included sex, birth weight, child's medical
history, and child's hearing status. The maternal and family-related covariates included
maternal age, HOME score, Hollingshead SES, and caregiver intelligence (Raven score). All
covariates were treated as continuous variables except for sex, child medical history, and the
child's hearing level. The latter was modeled in three discrete levels (0-25, 26-35, and >35
dB). We included the postnatal MeHg by sex interaction only for the Bender Gestalt Errors
outcome, to be consistent with previously reported results.21 Models for each outcome were
fit using subjects with complete covariate and dental data, and non-missing values for the
outcome.

Only results from significant models (p≤ 0.05) are reported. Models that are significant may
have significant and/or non-significant predictors within them. Thus prenatal Hg0 may or
may not be a significant predictor in any given model. Model assumptions were checked
using standard methods, and if violated, transformations were considered.47 Model results
include outlying values, when they are present.

Additional, secondary models were fit that adjusted for whether the mother had any
amalgams or occlusal points placed during pregnancy.

Results
Complete dental and covariate data were available on 587 women. Some children were
unable to complete all the tests. Summary statistics for all continuous variables, both overall
and by sex, are presented in Table 2. In the LEL group, 249 mothers (42.4%) had at least
one amalgam. Three of these had only non-occlusal amalgams and thus no occlusal points,
while the remaining 246 had at least one occlusal amalgam. For both the LEL and UEL, the
occlusal point score and number of amalgam surface metrics were highly correlated (r=
0.928 for the LEL and r= 0.916 for the UEL, data not shown).

Prenatal and recent postnatal MeHg exposure levels for this subset of the original cohort
were comparable with the original full cohort.21 The mean maternal hair THg level was 6.7
(±4.4) ppm (range 0.5-22.8 ppm) for the 587 subset mothers with full covariate data. The
hair THg level in this subset of children at 66 months (n = 587) was 6.4 (±3.3) ppm (range
0.9-25.8 ppm). There was no association between maternal LEL surfaces and prenatal (r =
0.01) or postnatal (r = -0.07) MeHg (hair THg) exposure. The means of the outcomes and
covariates by prenatal MeHg and Hg0 exposure categories are shown in Table 3.

Primary analyses
All models were significant for both amalgam surfaces and points. We first used the number
of amalgam surfaces to estimate regression coefficients for the six outcome variables for
covariate-adjusted models using the LEL without (model 1) and with (model 2) adjustment
for prenatal and postnatal MeHg. These results are presented in Table 4.

Amalgam surfaces were not significantly associated with any outcome, either without or
with adjustment for prenatal and recent postnatal MeHg. However, there was a significant
interaction of sex by LEL amalgam surfaces for the GCI endpoint (p = 0.04) after adjusting
for prenatal and recent postnatal MeHg and covariates. For the GCI, the amalgam slope was
positive for females (0.31, 95% CI: -0.09 to 0.72) and negative (-0.24, 95% CI: -0.59 to
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0.12) for males, but neither slope was significantly different from zero (Table 4). The
relationship between LEL amalgam surfaces and GCI is illustrated in Figure 1. The plot
suggests that for a small number of amalgam surfaces, the GCI outcomes are similar for
both sexes. However, as the number of maternal amalgam surfaces increases, males are
predicted to perform less well, while females are predicted to have better performance. As
expected, a higher HOME score was a very significant predictor of improved scores in all
models and higher SES and caregiver IQ were also significant predictors of improved scores
in some models.

Similar results (coefficients and p-values) were obtained using the UEL number of amalgam
surfaces as the metric of Hg0 exposure (data not shown). The UEL amalgam surface metric
was not a significant predictor for any outcomes. When adjusting for UEL amalgam
surfaces, increasing recent postnatal MeHg exposure was associated with significant
improvement in both sexes in the same outcomes: GCI (0.35, p = 0.02), PLS Total Score
(0.22, p = 0.01), and W-J Applied Problems (0.57, p = 0.01). In addition there were fewer
Bender Gestalt Errors with increasing postnatal MeHg exposure (-0.20, p = 0.01) in male
children.

We next examined the association between our secondary metric, the occlusal amalgam
point score, and the same outcomes. Results for both LEL and UEL adjusting for prenatal
and recent postnatal MeHg and covariates (Model 2) are given in Table 5. The amalgam
occlusal points-by-sex interaction term was significant for the GCI (LEL and UEL) and for
three other outcomes at UEL (PLS Total Score and the W-J for both the Applied Problem
and Letter-Word Recognition subtests). For these outcomes, the slope for amalgam points
was significantly different for males and females. Males performed less well on each
outcome compared to females as occlusal points increased. However, a significant
interaction does not necessarily mean that the amalgam point slope was significantly
different from zero (i.e. significantly adverse or beneficial) for either males or females.
There was a significant adverse association of the UEL occlusal point score in males on a
single outcome (W-J Letter Word Recognition; slope = -0.16; p = 0.04; 95% CI: -0.31,
-0.01). There was also a significant improvement in scores for females on the GCI (with
LEL and UEL), the PLS total score (UEL) and the W-J Applied Problem subtest (UEL).

Secondary analyses
Among the 587 women with complete dental and covariate data, 78 had one or more
amalgam surfaces placed during pregnancy, and 76 had at least one occlusal point placed
during pregnancy. Placement of amalgam surfaces or occlusal points during pregnancy did
not significantly predict any outcome after adjusting for other model covariates and
exposures (data not shown).

Comment
In the primary analysis that included 48 models we found no adverse association between
exposure using either surfaces or occlusal point scores and 46 endpoints. There was an
adverse association between amalgam points and the W-J Letter Word score. Prenatal Hg0

exposure using our secondary metric, the occlusal point score, showed a significant slope of
-0.16 (p = 0.04) in males indicating an adverse association. This finding was present only
using the UEL and was present in two models [without (data not shown) and with (Table 5)
adjustment for prenatal and recent postnatal MeHg exposure]. There were no other adverse
associations between any of the 4 dental amalgam scores and the 6 endpoints either without
or with adjustment for MeHg. The UEL carries a higher degree of uncertainty than the LEL
since it is derived by including ‘possible’ restorations. Considering we fit 48 primary
models, the presence of two adverse associations could be a chance finding and does not
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imply that prenatal exposure to Hg0 from dental amalgams results in neurobehavioral
consequences. Accumulation of Hg in the fetal brain attributable to maternal inhalation of
Hg0 is reported to be significantly less than in the maternal brain.48 This is likely due to
‘first pass’ oxidation of Hg0 in the fetal liver to divalent mercury (Hg++), which does not
cross the blood-brain barrier as well as Hg0.49 However, several studies have found that
males are more susceptible to the toxic effects of mercury than females.50,51,52 The two
adverse findings in males are therefore intriguing and warrant further prospective
investigation.

We found several significant interactions with sex, both using our primary surface metric
(Table 4) and our secondary occlusal points metric (Table 5). Most of the significant
interactions were with the UEL metric. As the number of prenatal occlusal points increased,
females performed significantly better on the GCI (with both LEL and UEL), the PLS Total
Score (with the UEL), and the W-J Applied Problems Score (with the UEL), in covariate-
adjusted models, with and without adjustment for pre and postnatal MeHg. We know of no
scientific reason to believe that maternal amalgam might improve neurodevelopmental
outcomes in either sex. Dental care is free in Seychelles and access to services should be
equivalent. However, higher SES mothers may place a greater value on regular dental care
and optimally utilize restorative services. Although higher SES might favorably influence
outcomes, it would not explain the apparent disparity between males and females. The
findings could also be spurious.

A compelling reason for examining this cohort of children was to explore whether the risk of
adverse neurodevelopmental outcomes was accentuated by co-exposure to MeHg and Hg0.
Children in this cohort were exposed prenatally and postnatally to elevated levels of MeHg.
Consumption of fish is the primary protein source for inhabitants of the island nation of
Seychelles. Mothers in this study reported eating approximately 12 fish meals per week
during pregnancy.21 This high level of fish consumption resulted in a mean prenatal MeHg
(hair THg) exposure of 6.7 ppm. The children also consumed fish and their recent postnatal
MeHg exposure was 6.4 ppm on average. In comparison, the 1999-2000 U.S. NHANES
study found a mean exposure (hair THg) of 0.47 ppm in females of child bearing age (16-49
years of age) and postnatal exposure of 0.22 ppm in children aged 1-5 years.53 Compared to
the US NHANES, the Seychelles mean prenatal MeHg exposure was 14 times higher and
the postnatal exposure was 29 times higher. Our models of prenatal and recent postnatal
MeHg exposure in this study (Tables 4 and 5) confirm the absence of any detectable adverse
influence of prenatal and recent postnatal MeHg exposures, as reported in our earlier
analyses of the entire cohort.21

To our knowledge, this is the first study to comprehensively examine the risk of prenatal
Hg0 exposure from maternal amalgams. The study's strengths include a large, well-defined
cohort, sensitive neurodevelopmental assessments, and the presumption that if adverse
effects were present, they may be more readily detectable in subjects with other forms of
mercury exposure. Moreover, we utilized two different metrics as biomarkers of Hg0

exposure from amalgam restorations and did find significant associations between covariates
known to influence child development and endpoints. This suggests there was sufficient
power to detect associations if they were present.

The most significant limitation of this study was its retrospective design. We determined the
maternal amalgam status during gestation by examining the mothers 10 years after delivery
and then reviewing their past dental records to complete the picture. Although dental records
in Seychelles were very good, we adjusted for this uncertainty by utilizing two measures of
exposure. The LEL and the UEL represent the most likely ‘minimum’ and ‘maximum’
respective numbers of amalgams present in the mother during pregnancy. The true exposure
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level presumably lies ‘bracketed’ between these levels. It is most likely closer to the LEL,
which represents amalgams with documented presence. Consequently, some amalgam
exposures could have been misclassified. In addition, there may have been covariates that
were important that were not measured.

We do not consider results of this retrospective study to be definitive and are currently
studying developmental outcomes in another cohort of children in which maternal amalgam
status during gestation was recorded prospectively.

Conclusion
We carried out a retrospective study of prenatal Hg0 exposure from maternal dental
amalgams to determine if there were adverse associations with children's neurodevelopment.
We found two adverse associations present only in males after examining two Hg0 exposure
measures, six neurodevelopmental endpoints, and 48 models. We do not believe these data
support the hypothesis that prenatal exposure to Hg0 from amalgam is harmful to the
developing fetus.
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Figure 1.
Relationship between amalgam surfaces (Hg0) and General Cognitive Index using the LEL.
The plot shows individual data points for males (crosses) and females (circles). Lines show
predicted values for males (dotted lines) and females (solid lines) from the linear regression
described for model 2 that allows separate sex-specific slopes for amalgam surfaces and is
adjusted for prenatal MeHg, postnatal MeHg, birth weight, mother's age, HOME score,
Hollingshead SES, Caregiver Intelligence, and child's medical history and hearing status.
Although the sex by prenatal Hg0 interaction is significant (p = 0.04), neither male (p = .19)
nor female (p = .13) slopes were significantly different from zero.
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