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Lead is a ubiquitous toxic metal that can negatively impact the health of organisms
exposed to it. For this reason, major progress has been made during the last three
decades to decrease the amount and sources of environmental lead, especially in
North America (United States Centers for Disease Control [USCDC] 1991). The
result of this effort has been a significant reduction in the blood-lead levels of
Americans during this period; however, a segment of the American public, the
economically deprived, still has a disproportionate number of individuals with blood-
lead levels of medical concern (Pirkle et al. 1998). Recently, this segment of
American society has also been shown to bear a disproportionate burden of dental
caries (i.e., cavilies; Vargas et al. 1998). Indeed, a study by Moss et al. (1999), using
data from the American Third National Health and Nutrition Examination Survey
(NHANES 1II), was suggestive that environmental lead exposure may be a factor
explaining the disproportionately high dental caries burden experienced by this
demographic group. They found that blood-lead levels were significantly associated
with dental caries burden (primary and secondary dentition), even after adjustment
for confounding variables (Moss et al. 1999). The study by these authors verified
earlier observations by Brudevold et al. (1977) and Stack (1983) that American
children residing in inner-city areas with higher tissue-lead levels, also showed a
higher prevalence of dental caries.

In Canada, First Nation people have been shown to live a disadvantaged life with
extensive health problems (e.g., Tsuji 1998). For example, the prevalence of dental
caries is high in First Nation communities (Harrison and Davis 1993). The switch
from a traditional First Nation diet of mainly wild game to one containing both wild
game and large amounts of sugar is an important predisposing factor influencing the
development of dental caries; other risk factors have yet to be identified (Harrison
and Davis 1993). Taking into account that First Nation people are exposed to a
recognized environmental source of lead, namely, leaded ammunition used in the
harvesting of wild game, it is not surprising that elevated lead levels have been
reported in these people, even those living in remote regions of Canada where there
are no other substantial sources of environmental lead (e.g., Tsuji et al. 1997;
Kosatsky 1998). Recently, we reported that dentine-lead levels were elevated for
exfoliated and extracted teeth collected from 149 First Nation children residing in the
western James Bay region (Tsuji et al. 2001). In the present paper, we determine if
there is any association between dentine-lead levels in exfoliated teeth and dental
caries for these same First Nation children.
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MATERIALS AND METHODS

Of'the 61 children who donated an exfoliated tooth, during the period 1993 to 1995,
as described in the previous study (Tsuji et al. 2001), only 27 were selected for the
present study because of exclusion criteria. To be included in the present study, the
dental status (condition and history) of all deciduous teeth (FDI nomenclature: tooth
no. 55, 54, 53,52, 51, 61, 62, 63, 64, 65,75, 74,73, 72, 71, 81, 82, 83, 84, 85) and
the six-year molars (tooth no. 16, 26, 36, 46) for each child had to be clearly
discernible from the dental records and a clinical exam. In addition, children showing
the clearly recognizable, classic baby bottle caries pattern were excluded, because
this environmental factor (i.e., feeding and sleeping with a baby bottle) would mask
any relationship between dentine-lead levels and caries. Baby bottle caries has been
shown to have a prevalence rate of 53% in Native communities (Harrison and Davis
1993).

All children were examined under a uniform clinical setting, by the same licensed
dentist (LJST), during a specified time period when exfoliated teeth were collected;
a dental assistant recorded the results. Radiographs were included in the exam, as
required. Caries status was evaluated using a modified defs index (defs=d+e+fs),
where d refers to the no. of irreversibly decayed teeth, e represents the no. of teeth
that were extracted only for carious reasons, and fs refers to the no. of filled surfaces
per tooth. Each tooth had five potential surfaces that could have been filled. Carious
lesions were defined clinically by cavitation in the enamel surface or the sticking of
the explorer in a tooth surface, resisting withdrawal after applying gentle pressure
(Harrison and Davis 1993). Radiographically, carious lesions were defined as those
involving the dentine; that is, incipient lesions that penetrated the enamel but not the
dentine were not considered irreversible carious lesions because of the chance for
remineralization. All deciduous teeth and the six-year molars were evaluated for each
child to get a single defs index of caries experience. Since, no significant differences
have been reported to exist between female and male First Nation children for indices
that measured carious activity (Harrison and Davis 1993; cf. non-Native children,
Vargas et al. 1998), defs scores for children were not examined separately.

Dentine chips containing primary and secondary dentine were prepared for
toxicological analysis as detailed in Tsuji et al. (2001). Tooth type was not
considered in the present study because no significant differences in mean dentine-
lead levels were found previously within the exfoliated tooth types (Tsuji et al. 2001).
Dentine samples were oven-dried to constant weight at 70°C. Samples were digested
in 0.5 mL trace-metal grade HNO; (JT Baker, Ultrex) for every 0.10 g of dentine.
The dentine-acid mixture was digested overnight at room temperature followed by
heating at 100°C for 6 hrs. After digestion, samples were diluted with distilled
deionized water (DDW) to a final acid concentration of 2.5% v/v. This mixture was
filtered through Whatman 42 ashless filter paper. Blanks (trace-metal grade HNO;)
and bonemeal Standard Reference Material 1486 (US National Institute of Standards
and Technology [NIST]) were included with each digest run. Lead concentrations
were determined with a Perkin-Elmer Model 460 graphite furnace atomic absorption
spectrometer, with a detection limit of 0.1 ug/g of dentine. NIST 1643c multi-
element reference standard was used in all instrument calibration. Bonemeal
reference samples were digested and recovery of lead from them, on average, was
within 10% of the expected value (Tsuji et al. 2001).

Confounding factors, such as genetic and socio-economic status, were not considered

in the present study because remote First Nation communities in the western James
Bay region are typically homogeneous with respect to these factors. A mixed-
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economy of subsistence harvesting, wage work and government transfer payments
exists in this region; mobility within these income groups is common even within a
single year (George 1989).

Data for dentine-lead levels were grouped into two categories following Needleman
et al. (1979): low-level (<10 pg/g) and elevated (> 10pg/g). Age of the children for
each group was also examined as some researchers (e.g., Curzon and Crocker 1978)
have found that age may affect the burden of caries. To equalize the variance of the
data, defs data were log transformed. A t-test was used to assess variation in age and
defs scores between the lead-determined categories. Linear regression analysis was
used to determine the relationship between defs score and dentine-lead level.

RESULTS AND DISCUSSION

A t-test revealed no significant difference between the age of the children in the
elevated and low-level lead groups (Table 1). Children in the elevated category had
significant higher defs scores than the low-level group (Table 1). Similarly,
Brudevold et al. (1977) found that children with high-lead levels in enamel had
significantly higher dft (decayed and filled teeth) and dfs (decayed and filled
surfaces) scores, than children with low-lead levels. By contrast, Curzon and Crocker
(1978) found no association between enamel-lead levels and the prevalence of caries.

A significant relationship (logdefs=0.013Pb+0.856) between defs score and dentine-
lead level (P=0.008) was found (Figure 1). Concentration of dentine-lead was used
as a chronic measure of lead body burden in comparing variation in defs scores of
children with elevated dentine-lead levels and those having low levels. Linear
regression analysis revealed that 25% (r=0.50) of the variation in defs score was
attributable to variation in dentine-lead level (Figure 1). Among children with low
dentine-lead levels, 37% had defs values higher than predicted by the regression
equation, while 62% (5 of 8) of children with elevated dentine-lead levels had defs

Table 1. Age, caries experience (defs) and t-tests between First Nation children with
elevated dentine-lead (102 pg/g) and low dentine-lead (<10ug/g) levels.

Character Elevated Low-level t
%+sd R+sd
range range
(n) (n)

age, yrs 8+2 8+2 0.18™
6-10 6-12
(®) (19)

defs 16+£5 9+4 3.47**
8-22 4-20
® (19

*Significance of t:**, P<0.01; ™, P=0.86.
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Figure 1. Relationship between log of defs score and dentine-lead level of 27 First
Nation children. Children with elevated dentine-lead levels (>10pg/g) are
represented by solid symbols, while children with low-dentine lead levels (<10pg/g)
are represented by open symbols.

values greater than predicted. A t-test ofresidual variation between elevated and low-
level children was not significant (t=0.96, P=0.35). Thus, children with elevated
dentine-lead levels did not have significantly higher defs scores for their lead level
compared to low-level children. However, a tendency towards a disproportionate
increase in defs score was noted for children in the elevated dentine-lead group
(Figurel).

The effect of outliers (i.e., data points with a standardized residual >+£2 sd) was also
examined. With the removal of the two outliers, one in each of the two lead groups
(i.e., the child with the highest lead value and the child in the low-level group with
the highest defs score), the defs scores exhibited a normal distribution. A significant
linear relationship (defs=0.547Pb+5.306) between defs score and dentine-lead level
(P<0.001) was now evident. Regression analysis revealed an improved fit in that 61%
(r=0.78) of the variation in defs score was now attributable to variation in dentine-
lead level. Also, among children with low dentine-lead levels, 33% had defs values
greater than those predicted by the regression equation, while it was only 43% (3 of
7) for children with elevated dentine-lead levels. A t-test of residual variation
between elevated and low-level children was again, not significant (t=0.89, P=0.40).
Thus, removal of the outliers affected the slope of the regression line. Our results are
in agreement with Gil et al. (1996) who report that in a population of children,
teenagers, adults and the elderly living in Coruna, Spain, tooth-lead concentrations
(whole teeth) were positively correlated with dental health factors, such as the DMFT
(decayed, missing, and filled teeth).

Results of the present study are suggestive that uptake of environmental lead may be
one of'the factors influencing the disproportionately high rate of dental caries among
First Nation children in northern Ontario, Canada. Three mechanisms have been
hypothesized to explain how lead may result in an increase in caries. In a study by
Watson et al. (1997), it was shown experimentally in rat pups that pre- and perinatal
exposure to lead resulted in a 40% increase in prevalence of caries and a 30%
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reduction in stimulated parotid function. A decrease in salivary flow could result in
an increase in the prevalence of caries because saliva typically buffers the oral cavity
and acts to clear sugars from the surfaces of teeth. Lead may also affect teeth directly
through the incorporation of lead into the hydroxyapatite crystals of the teeth and/or
altered mineralization of the hard tissues of the teeth (Stack 1983; Watson et al.
1997; Moss et al. 1999). Indeed, lead may affect odontoblast function (and other
tooth forming cells), as evident by the presence of irregular dentinal tubules and
uneven mineralization in lead lines of tecth (Appleton 1991).

It should be stressed that although residence in old, inner-city buildings in the USA,
with the associated exposure to leaded paint has been well documented as a major
source of environmental lead for disadvantaged children (USCDC 1991; Moss et al.
1999), this line of reasoning is not valid for children of the western James Bay
region. Typical routes of lead exposure (i.e., water, soil and air) have been reported
to be non-contributory for children of this remote area (Tsuji et al. 2001). First
Nation children may be exposed to lead when handling air-gun pellets and/or storing
these lead pellets in the mouth prior to discharge (Tswji et al. 2002), handling
ammunition boxes, playing with and/or touching spent lead shotshells, and/or coming
into contact with articles of clothing used during harvesting activities in the bush
(Tsuji et al. 2001). However, the most likely source of lead exposure is from the
ingestion of lead fragments embedded in wild game harvested with lead shotshell
(Tsuji et al. 1999; Scheuhammer et al. 1998). Hanning et al. (1996) have even shown
significant positive relationships between maternal consumption of wild game and
maternal-blood lead, and maternal-blood lead and cord-blood lead. Perhaps,
increased exposure to lead while in the prenatal environment and perinatal exposure
through cultural activities, such as the harvesting and consumption of wild game with
leaded ammunition, are factors that result in an increase risk of dental caries in First
Nation communities. Identification of factors that may impact the prevalence of
caries in the disadvantaged, including First Nation people, is important because of
the morbidity, suffering and financial costs associated with this preventable disease
(Harrison and Davis 1993; McDonagh et al. 2000).
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