
Prenatal exposure to lead and cognitive deficit 
in 7- and 14-year-old children in the presence 
of concomitant exposure to similar molar 
concentration of methylmercury

Citation
Yorifuji, Takashi, Frodi Debes, Pal Weihe, and Philippe Grandjean. 2011. “Prenatal Exposure 
to Lead and Cognitive Deficit in 7- and 14-Year-Old Children in the Presence of Concomitant 
Exposure to Similar Molar Concentration of Methylmercury.” Neurotoxicology and Teratology 33 
(2) (March): 205–211. doi:10.1016/j.ntt.2010.09.004. http://dx.doi.org/10.1016/j.ntt.2010.09.004.

Published Version
doi:10.1016/j.ntt.2010.09.004

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:34767901

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:34767901
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Prenatal%20exposure%20to%20lead%20and%20cognitive%20deficit%20in%207-%20and%2014-year-old%20children%20in%20the%20presence%20of%20concomitant%20exposure%20to%20similar%20molar%20concentration%20of%20methylmercury&community=1/4454687&collection=1/4454688&owningCollection1/4454688&harvardAuthors=dab68436736e194d69427df9947aee3d&department
https://dash.harvard.edu/pages/accessibility


Prenatal Exposure to Lead and Cognitive Deficit in 7- and 14-
Year-Old Children in the Presence of Concomitant Exposure to
Similar Molar Concentration of Methylmercury

Takashi Yorifujia,b, Frodi Debesc, Pal Weihec, and Philippe Grandjeana,d

aDepartment of Environmental Health, Harvard School of Public Health, Boston, MA 02215, USA
bDepartment of Epidemiology, Okayama University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama 700-8558, Japan cDepartment of Occupational Medicine and
Public Health, The Faroese Hospital System, FR-100 Tórshavn, Faroe Islands dDepartment of
Environmental Medicine, University of Southern Denmark, DK-5000, Odense, Denmark

Abstract
Few studies have examined the effects of mixed metal exposures in humans. We have evaluated
the effect of prenatal lead exposure in a Faroese birth cohort in the presence of similar molar-level
exposure to methylmercury. A cohort of 1022 singleton births was assembled in the Faroe Islands
during 1986–1987 from whom lead was measured in cord blood. A total of 896 cohort subjects
participated in a clinical examination at age 7 and 808 subjects in a second examination at age 14.
We evaluated the association between cord-blood lead concentrations and cognitive deficits
(attention/working memory, language, visuospatial, and memory) using multiple regression
models. Overall, the lead concentration showed no clear pattern of association. However, in
subjects with a low methylmercury exposure, after inclusion of statistical interaction terms, lead-
associated adverse effects on cognitive functions were observed. In particular, higher cord-blood
lead was associated with a lower digit span forward score on the Wechsler Intelligence Scale for
Children-Revised (WISC-R) [beta=−1.70, 95% confidence interval (CI): −3.12 to −0.28] at age 7
and a lower digit span backward score on the WISC-R (beta=−2.73, 95%CI: −4.32 to −1.14) at
age 14. Some interaction terms between lead and methylmercury suggested that the combined
effect of the exposures was less than additive. The present study indicates that adverse effects of
exposure may be overlooked if the effects of a co-pollutant are ignored. The present study
supports the existence of adverse effects on cognitive functions at prenatal lead exposures
corresponding to an average cord-blood concentration of 16 μg/L.
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1. Introduction
The majority of environmental research on the effects of chemicals focus on single
exposures. However, exposure to mixtures of chemicals is ubiquitous in real life [2]. Certain
chemical substances may target the same organ and induce similar effects in an additive or
non-additive way [5]. Recent studies suggest a synergistic effect of metal mixtures with
neuropsychological outcomes [15,31] or kidney disease [19]. However, studies that examine
the effects of chemical mixtures remain limited in humans, and even in experimental animal
studies [5].

In the Faroe Islands, residents traditionally consume pilot whale meat [12], which contains
high levels of methylmercury due to the whale feeding on other aquatic animals like squid.
Thus, the Faroese residents are highly exposed to methylmercury. Hence from 1986 to 1987
approximately 1000 births were recruited as a birth cohort to evaluate the possible adverse
effects of prenatal exposure to methylmercury [11]. Subsequent follow-up studies
demonstrated the effects of the developmental exposure on neuropsychological outcomes
[6,12].

For the baseline study of the cohort, cord-blood lead was also measured. At this time, the
molar lead concentration was similar in magnitude to the mercury concentration, but was not
correlated with whale consumption or mercury [11]. The adverse effect of lead on
neurodevelopment is conclusive [3], and recent studies consistently suggest that not only
childhood exposure, but also prenatal exposure to lead is associated with intellectual deficit
in childhood [13,14,16,17,23,27]. More recently, the European Food Safety Authority
concluded that there is no evidence for a threshold for developmental lead neurotoxicity [7].

So far, studies which examined the possible adverse effects of methylmercury or lead only
focused on a single exposure. Although a recent study has examined the effect of
methylmercury on neurodevelopment among children exposed to lead at higher levels [4],
none of the previous studies examined the effect of lead exposure in the presence of a
similar molar concentration of methylmercury. Therefore, in the present study, we aim to
evaluate the possible adverse effect of prenatal lead exposure on cognitive function in the
presence of a co-pollutant (methylmercury) exposure in the Faroese birth cohort.

2. Methods
2.1. Study design and subjects

A cohort of 1022 singleton births was assembled in the Faroe Islands during a 21-month
period in 1986–1987 to evaluate the possible adverse effects of prenatal exposure to
methylmercury [12]. The study protocol was approved by the Ethical Review Committee for
the Faroe Islands and the U.S. Institutional Review Boards, and written informed consent
was obtained. At delivery, blood samples from the umbilical cord and hair samples of the
mothers were collected for mercury analyses. Furthermore, the midwives collected
information on the course of the pregnancy and the delivery, including nutritional habits and
use of alcohol and tobacco during pregnancy.
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The cohort members were first invited at age 7 and then again at age 14 years for clinical
examination to evaluate the association between prenatal methylmercury exposure and
neurobehavioral outcomes [6,12]. At age 7, a total of 917 surviving children (90.3%)
completed the examination (Figure). Most of the children were examined at the National
Hospital in Tórshavn, the capital of the Faroe Islands. The children underwent various
neurophysiological and neuropsychological tests in addition to a physical examination. A
parent (usually the mother) completed a self-administered questionnaire, which included
questions about the child's past medical history and demographic characteristics.
Additionally, Raven's Progressive Matrices was used to evaluate and score the maternal
cognitive function. At age 14, 878 of the 1010 surviving children (86.9%) participated in the
examination. The majority of the examinations were also conducted at the National Hospital
in Tórshavn from 2000 to 2001. As with the subjects at age 7, the cohort members
underwent various neurophysiological and neuropsychological examinations, and a self-
administered questionnaire was completed. At both 7 and 14 years of age, examinations
were made available in Denmark to families who had moved there. To avoid information
bias, the examiners were unaware of the subjects' exposure status.

In the present study, among the 917 subjects who had participated in examinations at age 7,
we selected 909 subjects who had available cord-blood lead concentrations. As with the
previous studies [6,12], we excluded 13 subjects who had neurological disorders so that the
final cohort of subjects for analyses of neuropsychological outcomes at age 7 was 896. The
median cord-blood lead concentrations among the initial cohort and the selected 896
subjects were exactly the same (17 μg/L or 82 nmol/L) [11]. Thus, attrition would be
unlikely to affect the association between lead exposure and cognitive function at age 7. Of
the 896 subjects selected for the first study at age 7, a total of 808 subjects participated in the
examination at age 14.

2.2. Measurement of Exposure
We used the cord-blood lead concentration as a main exposure indicator [11]. Immediately
after delivery, the midwife took a 10-ml blood sample from the umbilical cord with Abbott
syringes equipped with Teflon-lined pistons (Abbott Ireland Ltd, Sligo, Ireland). The blood
samples were kept frozen during transport and storage until analysis. Then, blood-lead levels
were determined by electrothermal atomic absorption spectrometry. The equipment used
was an atomic absorption spectrometer model 5000, equipped with Zeeman background
correction, HgA-500 graphite furnace, and an AS-40 autosampler (Perkin-Elmer). The blood
lead results were read in duplicate against a blood-based standard curve with standard
reference material SRM 955 from the US National Institute of Standards and Technology
(Gaithersburg, MD, USA) as primary standard. The total analytical imprecision was
estimated to be 5.9% (n=85) and 1.8 % (n=87) at blood lead levels of 0.25 and 1.63 μmol/L,
respectively. The accuracy of the lead determinations was ensured by using Seronorm Trace
Element batch 901 and 902 (NycoMed) as quality control materials [11]. Lead
concentrations were reported in μg/L (for conversion to the traditional unit of μg/dL, divide
by 10).

As previously reported, mercury concentrations varied considerably in both cord blood and
maternal hair; 15% of the cohort had hair-mercury concentration above 10 μg/g, whereas
only 4 % were below 1μg/g [11]. The value of 1μg/g corresponds to the U.S. EPA reference
dose for mercury exposure [26]. Molar concentrations in nmol/L for both lead and mercury
can be obtained by multiplying the result in μg/L by 5.

Polychlorinated biphenyls (PCBs) were measured in cord tissue only from a subset of cohort
members and were not considered due to the weak neurotoxicity in this study [10], and
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because it was poorly associated with the lead concentration. The cord-blood PCB
concentration is currently being measured.

2.3. Measurement of Outcomes
For the main outcomes, we selected neuropsychological tests which reflected relevant
cognitive functions (attention/working memory, language, visuospatial, and memory) and
were conducted both at ages 7 and 14 [6,12]. The tests selected were as follows: Wechsler
Intelligence Scale for Children-Revised (WISC-R) digit span, WISC-R similarities, WISC-R
block designs, Boston Naming Test, and California Verbal Learning Test – Children's
version (CVLT-C).

Each of the five tests was described in detail in the previous 7-year examination report [12].
WISC-R digit span is a test of short-term memory and attention. Digit series of increasing
length were presented until the child failed two series of the same length. Scores were
calculated as the total number of correct forward trials in the examination at age 7, and the
total number of trials of forward and backward, forward only, and backward only at the
examination at age 14. The backward condition also fits the theoretical construct of working
memory. WISC-R similarities is a test of verbal reasoning. This verbal task required the
child to identify a common category linking two objects or ideas. WISC-R block design is
considered to be a test of visuospatial reasoning. Children used red and white blocks to
replicate 2 × 2 and 3 × 3 stimulus designs presented on cards. The Boston Naming Test is a
test of picture naming vocabulary. Children were presented with line drawings of objects,
which they then were asked to name. Scores were tabulated as the total number of corrects
without or with semantic and phonemic cues. CVLT-C tests aspects of verbal learning and
memory. A list of 12 shopping items was given over five learning trials at age 7. At age 14,
a list of 15 items was given. Subjects were requested to repeat as many items as they could
remember. The total score was the sum of the correct answers in all five trials. After recall
of an interference list, recall of the initial list (short-delay recall) was requested. After 20
minutes of other tests, recall of the initial list was again requested (long-delay recall).
Finally recognition of the items on the original list, presented among a greater number of
false items, was requested (recognition).

2.4. Statistical analyses
Initially, logarithmic transformations of the cord-blood lead concentrations and its
correlations with logarithmic transformed mercury concentrations in cord blood and
maternal hair were calculated. Furthermore, the geometric means of cord-blood lead
concentration in regard to obstetrical variables and demographic characteristics at ages 7 and
14 was also calculated.

In addition, we evaluated the effects of lead exposure on neuropsychological tests using
multiple linear regression models. All of the scores were used as continuous variables.
Although most of the outcomes approximated a Gaussian distribution, only WISC-R block
design at age 7 was square-root transformed as in the previous study to approximate the
distribution. In the models for neuropsychological outcomes at age 7, we adjusted for the
same potential confounders as before [12], in addition to possible predictors of cord-blood
lead and neuropsychological outcomes, i.e., smoking and alcohol drinking during
pregnancy. The following variables were included in the multivariate models: age; sex;
maternal Raven score; paternal employment (yes/no); paternal professional education (yes/
no); maternal professional education (yes/no); daycare at age 7 (yes/no); medical risk (yes/
no); maternal smoking during pregnancy (non-smoker; less than 10 cigarettes per day; more
than 10 cigarettes per day; other types of tobacco); and maternal alcohol drinking during
pregnancy (yes/no). Medical risk was defined as whether the children experienced medical
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conditions for neurological dysfunction i.e., low birth weight (< 2500 g), and history of head
trauma and meningitis. Age and maternal Raven score were treated as continuous variables.

In the models for neuropsychological outcomes at age 14, we also adjusted for potential
confounders similar to those used in the previous study [6], as well as the adolescent's own
smoking and alcohol drinking status. Thus, we selected the following variables: age; sex;
maternal Raven score examined at the examination at age 7; paternal employment (yes/no);
maternal employment (yes/no); subject's residence (villages in Faroes; towns in Faroes;
Denmark) and the language spoken at home (Faroese; Danish); the current school grade (6th;
7th; 8th); smoking status (non-smoker; smoker but not daily; daily smoker), and alcohol
drinking status (yes/no). As in the earlier study, age and maternal Raven score were treated
as continuous variables.

The logarithmic transformation of the cord-blood mercury concentration, which was a
strong predictor of neuropsychological outcomes in this cohort, was also included in the
adjustments. Furthermore, multiplicative terms were entered between cord-blood lead
(continuous) and mercury (continuous) into the models to evaluate interaction.

Since methylmercury exposure was determined only with some degree of imprecision, and
due to the well established methylmercury neurotoxicity [9], effects of confounding or
imprecision may not be completely corrected for by adjusting for mercury exposure and
interaction terms. Hence, to reduce residual methylmercury toxicity, subjects in a low-level
exposure group were selected within the lowest quartile hair-mercury category (≤2.61 μg/g).
Although the value is higher than the reference dose for mercury (1μg/g) [26], we used the
lowest quartile category to secure appropriate statistical power. Furthermore, we defined the
low-exposure group by hair-mercury instead of cord-blood mercury as hair-mercury
concentration has been used for risk assessment [29,30]. These multivariate analyses were
then repeated including adjustment for cord-blood mercury. Additionally, multiplicative
terms were entered between cord-blood lead (continuous) and mercury (continuous) into the
models to evaluate interaction within the lowest quartile hair-mercury category.

All confidence intervals (CIs) were calculated at the 95% level. PASW Statistics software
(SPSS Japan Inc., version 18.0J) was used for the analyses.

3. Results
Geometric averages of cord-blood lead and cord-blood mercury were 15.7 μg/L (75.8 nmol/
L) and 23.0 μg/L (114.7 nmol/L), respectively. The cord-blood lead concentration was not
associated with cord-blood mercury, nor with hair-mercury. The results for cord-blood lead,
cord-blood mercury, and hair-mercury concentrations are summarized in Table 1.

Geometric averages for cord-blood lead concentration are separated by obstetrical variables
and demographic characteristics at ages 7 and 14 in Table 2. Although the lead
concentration did not differ between sex or tertile age category, tertile maternal Raven score
had a negative association with cord-blood lead. As shown in the previous report of this
cohort [11], smoking and alcohol drinking during pregnancy was associated with higher
cord-blood lead concentration. Moreover, children who had a medical risk or attended
childcare also had higher lead concentration. Regarding demographic characteristics at age
14, children who natively spoke Danish as a first language had higher cord-blood lead
concentration at birth. Although 88 subjects were lost to follow-up at age 14, geometric
averages of cord-blood lead were not different between subject who could be followed (15.1
μg/L) and subjects who could not be followed (15.8 μg/L) (p=0.86).
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Table 3 shows the results of the adjusted betas and their p-values for the cord-blood lead
concentration and neuropsychological tests at ages 7 and 14 among the total subjects. In the
multivariate analyses, higher lead was associated with higher scores on Boston Naming Test
and higher learning scores on CVLT-C at the examination at age 7. The results did not
change substantially after we adjusted for cord-blood mercury. Even after we entered
multiplicative terms between lead and mercury, all of the p-values of the interaction terms
except digit span forward on WISC-R and long-term recall on CVLT-C at age 7 were large.
Thus, we did not find evidence that mercury modified the effects of prenatal lead exposure
on cognitive deficits among the total subjects. Although higher lead tended to be associated
with lower scores on digit span at ages 7 and 14, the adjusted betas still showed conflicting
results.

Table 4 displays the results of the adjusted betas and their p-values within the low mercury
exposure category (n=222). Since the results did not change whether we adjusted or did not
for cord mercury, we do not show the results without mercury adjustment. Although adverse
effects of lead on digit span in WISC-R at ages 7 and 14 were detected, we did not observe a
clear pattern of association.

Contrary to the results for all total subjects, the p-values of interaction terms were much
smaller, i.e., mercury seemed to modify the effects of prenatal lead exposure within the
lowest mercury exposure category. Notably p-values obtained from the analyses in digit
span on WISC-R and some of the scores on CVLT-C at both ages were less than 0.10.
Considering interaction terms in the models for these scores, higher cord-blood lead was
associated with lower digit span forward scores on WISC-R (beta=−1.70, 95%CI: −3.12 to
−0.28), lower learning scores on CVLT-C (beta=−8.55, 95%CI: −16.75 to −0.35), and
lower recognition scores on CVLT-C (beta=−1.61, 95%CI: −3.42 to 0.19) at age 7.
Furthermore, higher cord-blood lead was associated with lower digit span backward scores
on the WISC-R (beta=−2.73, 95%CI: −4.32 to −1.14) and lower learning scores on CVLT-
C (beta=−7.48, 95%CI: −16.48 to 1.52) at age 14. Although some of the p-values for the
interaction were still large, almost all of the betas for lead exposure were negative and
almost all of the betas for the interaction term were positive after entering multiplicative
terms into the models, which meant lead and methylmercury effects were less than additive,
i.e., a negative departure from additivity (i.e., subadditivity).

4. Discussion
This study examined the effects of prenatal lead exposure on cognitive deficits in the
presence of a similar molar concentration of a neurotoxic co-pollutant (methylmercury) in 7-
and 14-year-olds born in the Faroe Islands. The analyses of the total cohort and those of
cohort members without interaction terms among lower co-pollutant exposure category
showed equivocal results. However, when the subjects were restricted to a lower co-
pollutant category, and statistical interaction terms were entered within the category, adverse
effects of prenatal lead exposure on cognitive functions in childhood were observed,
especially on attention, learning and memory.

When the total cohort was considered (Table 3), lead exposure seemed to have beneficial
effects on language (Boston Naming test) and learning (in CVLT-C) at age 7 despite
adjustments for mercury. Furthermore, even when we entered multiplicative terms between
mercury and lead, positive associations did not change and a positive association between
lead and long-term recall in CVLT-C was observed. In contrast, a negative effect on digit
span forward in WISC-R at age 7 was noted. These findings showed that, in the presence of
the co-pollutant which varied considerably (and measured with a certain degree of
imprecision), adjustment for it or entering an interaction term resulted in equivocal findings.
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Furthermore, since cognitive function is competitively impaired by methylmercury in the
high mercury exposure category, the existence of lead exposure may not induce additional
neurotoxic effects on cognitive function.

The present finding of a possible adverse effect of prenatal lead exposure on cognitive
function (especially attention and memory) among the lowest mercury exposure category is
consistent with previous studies [13,23,27]. Additionally, the present findings suggest
adverse effects on cognitive functions at prenatal lead exposure corresponding to an average
cord-blood concentration of 16 μg/L, i.e., lower than the averages of previous studies of at
least 62 μg/L cord blood [13,23]. Moreover, the persistence of the lead-associated effect on
neuropsychological outcomes at age 14, is consistent with previous findings [21]. In the
present study, we further observed positive interaction terms in the models for lower
mercury exposure category. This finding suggests that, among the subjects with the least
residual methylmercury toxicity, methylmercury modified the effects of prenatal lead
exposure on cognitive deficits. Furthermore, it means that lead and methylmercury worked
in subadditive way or in an antagonistic interaction, given that both have detrimental effects
on cognitive function. This does not mean that one will cancel out the effect of the other, but
rather that these neurotoxicants may compete to induce effects because only one complete
sufficient cause is required for effects to occur [22].

Although several mechanisms of lead and methylmercury neurotoxicity are reported [28],
one possible mechanism includes their dysregulation of neurochemicals [8]. Among these
neurochemicals, glutamate and its ionotropic receptor [N-methyl-D-aspartate receptor
(NMDAR)] are of particular interest. Indeed, several studies suggest that lead and
methylmercury inhibit astrocytes from uptake of glutamate from synapses [18,24], which
may lead to cell death. Furthermore, it is also reported that lead and methylmercury could
alter NMDAR expression [1,20,25]. Since the NMDAR is considered to be related to
important functions in neurodevelopment, especially in learning and memory [25], its
alteration may result in lead- and methylmercury-induced cognitive deficits. If this
mechanism plays an important role both in lead and methylmercury neurotoxicity, it may be
reasonable to assume that an effect of lead exposure may be masked by the presence of high
methylmercury exposure. Moreover, these two chemicals might not work in a synergistic
way, but possibly in a competitive way due to parallel toxic mechanisms. The “less than
additive” interaction effect between lead and methylmercury observed in the present study
could be due to a threshold relationship on the NMDAR or possibly another receptor.

In the Faroe Islands, another co-pollutant, the PCBs, may affect human brain development
due to maternal ingestion of contaminated pilot whale blubber. However, PCBs were only
weakly associated with neuropsychological deficits [deficits on the Boston naming test
(without cues, p=0.09; with cues, p=0.03) and long-term recall in CVLT-C (p=0.15)], and
not in the outcomes affected by lead in the present study [10]. Furthermore, as described,
PCBs were not associated with lead exposure. Therefore, PCBs would be unlikely to cause
confounding.

Furthermore, since cord-lead exposure was related to maternal smoking and alcohol
drinking during pregnancy (Table 2), there is a possibility of residual confounding.
However, in the present study, maternal alcohol and smoking during pregnancy was
positively associated with the neuropsychological outcomes to which we found adverse lead
effects. Hence, these possible residual confounding could not explain the present results.

In the present study, we could not evaluate the effect of postnatal exposure to lead on
cognitive functions, thus we could not definitively examine which prenatal or postnatal

Yorifuji et al. Page 7

Neurotoxicol Teratol. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



exposures were more relevant to cognitive functions in childhood. Further studies are
needed to confirm this.

The present study, which utilized a well-conducted birth cohort, suggests an important
caveat in environmental health studies: we may overlook adverse effects or we may find
spurious associations if we do not consider the existence of a co-pollutant. Furthermore, the
present study supports the previous findings that prenatal lead exposure has an adverse
effect on cognitive function, even when prenatal lead exposure corresponds to an average
cord-blood concentration of 16 μg/L.
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Figure.
Diagram showing number of eligible subjects and attrition.
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Table 1

Lead and mercury exposure parameters (n=896)

Exposure biomarker N Geometric average Interquartile range Correlations with cord blood leada

Cord blood lead (μg/l) 896 15.7 12–22 1

Cord blood mercury (μg/l) 873 23.0 13.6–42.1 0.001

Hair mercury (μg/g) 893 4.3 2.6–7.8 0.014

a
Correlations between log-transformed exposure biomarkers.
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Table 2

Geometric averages for the cord-blood lead concentration (μg/L), separated by obstetrical and demographic
characteristics (n=896 at age 7 and 808 at age 14 years).

N Geometric average p-valuec

Obstetrical variables and demographic characteristics at 7 year

 Sex Boy 447 15.7 0.64

Girl 449 15.8

 Age (years)a <6.7 297 16.2 0.90

6.7–7.0 298 15.5

>7.0 294 15.4

 Maternal Raven scorea <43 280 16.7 0.03

43–49 302 15.3

>49 258 15.4

 Paternal employment No 145 16.3 0.80

Yes 740 15.6

 Paternal professional education No 260 11.0 0.28

Yes 625 9.1

 Maternal professional education No 471 15.5 0.88

Yes 413 15.9

 Maternal smoking during pregnancy Non-smoker 538 14.4 0.00

Less than 10 cigarettes/d 216 17.4

More than 10 cigarettes/d 113 19.1

Other types of tobacco 28 18.5

 Maternal alcohol during pregnancy No 679 15.3 0.00

Yes 216 17.1

 Daycare No 426 15.1 0.04

Yes 463 16.3

 Medical riskb No 764 15.6 0.02

Yes 125 16.3

Demographic characteristics at 14 years

 Age (years) <13.7 273 16.3 0.77

13.7–14.0 266 15.7

>14.0 269 15.3

 Residence Villages in Faroes 390 15.3 0.32

 Towns in Faroes 336 16.1

Denmark 81 17.2

 Language used Faroese 753 15.6 0.06

Danish 54 18.9

 Paternal employment at 14 years old No 50 16.4 0.66

Yes 741 15.7

 Maternal employment at 14 years old No 153 15.6 0.97

Yes 650 15.8
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N Geometric average p-valuec

 Smoking at 14 years old Non-smoker 724 15.8 0.69

Smoker, but not daily 26 16.5

Daily smoker 44 17.0

 Alcohol drinking at 14 years old No 760 15.8 0.72

Yes 34 17.2

 School grade 6th 55 15.5 0.49

7th 708 15.8

8th 45 15.4

a
Age and Maternal Raven score were treated as tertile categories in this descriptive analysis.

b
Medical risk was defined as to whether the children experienced medical conditions for neurological dysfunction (i.e., low birth weight and

history of head trauma and meningitis).

c
Chi-square tests of association for categories were conducted.
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Table 4

Adjusted betas for the logarithmic transformation of the cord blood lead concentration among the lowest
quartile maternal hair mercury category (≤2.61 μg/g, n=222 at age 7 and 199 at age 14).

Full plus cord mercury Plus interaction with cord mercuryd

Beta (95%CI) Beta (95%CI) Beta for interaction p-value for interaction

Health outcomes at 7years oldb

 WISC-R

  Digit span forward −0.47 (−0.84 to −0.09) −1.70 (−3.12 to −0.28) 0.53 0.08

  Similarities 0.32 (−0.87 to 1.51) −2.09 (−6.49 to 2.31) 1.05 0.26

  Block designa −0.06 (−0.40 to 0.27) −0.18 (−1.42 to 1.05) 0.05 0.84

 Boston naming test

  No cues 0.66 (−0.85 to 2.16) −0.78 (−6.42 to 4.85) 0.62 0.60

  With cues 0.72 (−0.76 to 2.21) −2.35 (−8.00 to 3.30) 1.32 0.27

 CVLT-C

  Learning 1.24 (−0.97 to 3.44) −8.55 (−16.75 to −0.35) 4.23 0.02

  Short-term recall 0.74 (0.05 to 1.43) −1.16 (−3.75 to 1.43) 0.82 0.14

  Long-term recall 0.57 (−0.23 to 1.38) 0.63 (−2.41 to 3.68) −0.03 0.97

  Recognition −0.05 (−0.54 to 0.44) −1.61 (−3.42 to 0.19) 0.68 0.08

Health outcomes at 14 years oldc

 WISC-R

  Digit span −1.00 (−1.72 to −0.29) −4.56 (−7.22 to −1.89) 1.53 0.01

  Digit span forward −0.41 (−0.83 to 0.00) −1.83 (−3.39 to −0.27) 0.61 0.07

  Digit span backward −0.59 (−1.02 to −0.16) −2.73 (−4.32 to −1.14) 0.92 0.01

  Similarities −0.12 (−1.19 to 0.94) −2.51 (−6.55 to 1.52) 1.03 0.23

  Block design −0.40 (−4.06 to 3.26) 4.12 (−9.81 to 18.06) −1.94 0.51

 Boston naming test

  No cues 0.05 (−1.64 to 1.75) −1.62 (−8.08 to 4.84) 0.72 0.60

  With cues 0.56 (−0.96 to 2.08) 0.04 (−5.76 to 5.83) 0.23 0.85

 CVLT-C

  Learning 0.63 (−1.76 to 3.02) −7.48 (−16.48 to 1.52) 3.48 0.07

  Short-term recall 0.23 (−0.52 to 0.99) −0.15 (−3.04 to 2.74) 0.17 0.79

  Long-term recall 0.70 (0.00 to 1.41) −1.70 (−4.37 to 0.96) 1.03 0.07

  Recognition −0.01 (−0.38 to 0.36) −0.90 (−2.33 to 0.53) 0.38 0.20

a
Square root transformation was conducted in the multivariate analyses.

b
Adjusted for age, sex, maternal Raven score, maternal training, paternal training, paternal employment, medical risk, smoking, alcohol, daycare,

and logarithmic transformation of the cord blood mercury concentration.

c
Adjusted for sex, maternal Raven score, maternal and employment, residence, language, grade in school, tobacco smoking, alcohol, and

logarithmic transformation of the cord blood mercury concentration.

d
Adjusted for above mentioned variables plus product of logarithmic transformation of lead and logarithmic transformation of mercury

concentration (interaction term). WISC-R; Wechsler Intelligence Scale for Children-Revised, CVLT; California Verbal Learning Test-Children's
version, CI: Confidence Interval
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