Norris Jayme (Orcid ID: 0000-0003-3834-4901)
Jansen Erica (Orcid ID: 0000-0002-3364-3729)

1
Blood levels of lead and dental caries in permanent teeth
Juan F. Yepes DDS, MD, MPH, MS, DrPH
Jayme M. Norris, DDS, MSD
LaQuia A. Vinson, DDS, MPH, FICD

George J. Eckert, MAS

Howard Hu, MD, MPH, ScD

Yue Wu, MS, RD

Erica C. Jansen, PhD, MPH
Karen E. Peterson, ScD

Martha M Tellez-Rojo, PhD

E. Angeles Martinez Mier, DDS, MSD, PhD

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
as doi: 10.1111/jphd.12384

This article is protected by copyright. All rights reserved.


http://orcid.org/0000-0003-3834-4901
http://orcid.org/0000-0002-3364-3729
http://dx.doi.org/10.1111/jphd.12384
http://dx.doi.org/10.1111/jphd.12384

Abstract

Objectives: The purpose of this study was to determine if there is an association between lead
exposure within the ages of one to four years and dental caries in the permanent dentition
between ages 9-17 among Mexican youth.

Methods: Data were collected for the Early Life Exposures in Mexico to Environmental
Toxicants (ELEMENT) cohort from a group of 490 children born and reared in Mexico City.
Among ages one to four years, blood lead levels were measured in micrograms of lead per
deciliter of blood (ug/dL) and the presence of caries in adolescence was determined using the
International Caries and Detection and Assessment System (ICDAS). The relationship between
blood levels of lead and decayed, missing, or filled surfaces (DMFS) was examined using
negative binomial regression. Covariates were selected based on previous studies and included
age, gender, socioeconomic status, oral hygiene, BMI, and diet. The nonlinear relationship
between lead and DMFS was examined using smoothing splines.

Results: The mean overall blood lead level (BLL) was 4.83 pg/dL (S.D of 2.2). The mean
overall caries level (DMFS) was 4.1. No statistically significant association was found between
early childhood blood lead levels and dental caries in adolescence.

Conclusion: This study shows a lack of association between exposure to lead between the ages
of one to four years of age and dental caries in permanent dentition later in life. Other
covariates, such as age and sugar consumption, appeared to play a more prominent role in caries

development.
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Introduction

It has been well established that high levels of lead exposure can have an impact on
overall health. There are several sources of lead exposure, including in utero from lead in
maternal blood.! Many household and everyday items are known to contain lead, as well as
many aspects of a person’s environment, such as food and jewelry. Within Mexican populations,
lead-glazed pottery is a major source of lead exposure.? There are three main sources of lead
contamination seen today: gasoline in certain countries, solder used to seal food and beverage
cans, and household paint.® However, the most common way lead enters the body is from non-
nutritive hand-to-mouth activity during childhood.?

Because of the varying effects lead can produce, it is important to measure the amount of
lead in a person’s body, particularly within communities where lead exposure is more common.
The standard for measuring the health effects that lead can cause was defined by The Centers for
Disease Control and Prevention (CDC). The CDC has estimated 5 pg/dL as the reference value
“pased on 97.5" percentile of population blood lead level (BLL) in children aged 1-5 years to
identify children living or staying for long periods in environments that expose them to lead
hazards.”* However, no safe level of lead exposure has been identified by the CDC.3°

There is conflicting evidence reporting the effects lead may have on one’s teeth. In 1994,
Gil et al. conducted a study using 220 extracted teeth from a population in Spain which
determined no direct correlation with dental caries.® This study was expanded in 1996, and

researchers found a positive relationship with lead and dental caries, dental plaque, Salivalis
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lactobacilli levels, and Streptococcus mutans levels.” In 2016, Shishniashvili et al. saw a
negative association between dental caries and communities with environmentally favorable
conditions without lead.® A positive correlation between lead exposure and dental caries was also
found in 2002 by Gemmel et al.® In 2015, Wiener et al. conducted a secondary data analysis of
de-identified data collected from children aged 24-72 months old and a strong link was found
between high blood lead levels and caries.* In addition, Moss et al. performed a cross-sectional
study in which he found a significant positive correlation with blood lead levels and the DMF
caries rate in deciduous and permanent teeth.!® However, in 2004, Gomes et al. also found no
link between lead concentrations and DMF count of 329 preschool children.** Both Youravong
et al. in 2006 and Ceni¢-Milosevi¢ et al. in 2013 found positive associations with lead exposure
and high DMF counts. 213

There are several hypotheses as to how lead may affect dental caries. One proposed
mechanism for the correlation between lead and caries is the replacement of calcium by lead in
dental hydroxyapatite during tooth formation.141> 1617 Another suggested reason for the
relationship was an interference in the process of amelogenesis by lead.** Wiener’s study also
discussed lead’s role in decreasing the bioavailability of fluoride, which in turn would decrease
fluoride’s remineralization’s ability, after tooth eruption.* It has also been suggested lead
exposure disrupts odontoblast development and function.’®> Enamel and dentin may serve as
reservoirs for heavy metal ions within the body, while bone does not store heavy metal ions.

This is believed to be due to the decreased amount of metabolism of enamel and dentin when
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compared to bone.!8 A study conducted by Costa de Almeida et al. in 2007 showed a strong
correlation between high levels of lead exposure and accumulation of lead in enamel.*® Cleymaet
et al. performed a study in which they discussed the use of surface enamel as an indicator of lead
exposure.t®. Youravong et al. conducted a study involving two groups of children: one with low
blood levels of lead and the other with high blood levels of lead. Using secondary ion mass
spectrometry, they found children with high blood levels of lead had evidence of lead within
dentin.?

The purpose of this study was to determine if there is an association between exposure to
blood lead levels early in life when permanent teeth are developing (between the ages of one and
four years), and the development of dental caries in the permanent dentition within a population
of Mexican children ages nine to seventeen years.

Methods

This was a longitudinal birth cohort study of measurements of lead taken in the blood of
children every six months from ages 1-4 and the association with measures of dental caries, as
categorized by the International Caries Detection and Assessment System (ICDAS), in
permanent dentition in participants 9-17 years old. The collection of the primary data was
approved by the IRB’s of the National Institute of Public Health-Mexico and the Schools of
Public Health at Harvard University, the University of Michigan, and the University of Toronto.
Secondary approval was obtained by the Indiana University Institutional Review Board

(#1706774130) for this analysis. Data collected for the Early Life Exposures in Mexico to
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Environmental Toxicants (ELEMENT) cohort from a group of 490 children in Mexico City was
statistically analyzed to determine any association between dental caries, exposure to lead, and
many co-variates. Blood measurements obtained from complete years (12 months, 24 months,
etc.) were venous blood, whereas blood measurements obtained from the halves of years (18
months, 30 months, etc.) were capillary blood. Analysis has been conducted regarding this
population’s prenatal exposure to lead and will be reported in another publication. '* ICDAS
development and approach to caries detection and assessment has been explained in detail
elsewhere. 2! Each carious lesion was classified based on depth of the lesion within the tooth.
There are seven ICDAS codes, which correlate to the extent of decay, ranging from sound
dentition to large cavitated lesions (more than 50% of surface) with visible dentin. ICDAS
includes codes for both cavitated and non-cavitated lesions. Once all of the variables are
accounted for, an overall score can be provided for the carious lesion, leading to a caries risk
assessment. 2

The covariates measured included age, sex, BMI (Body Mass Index) category, SES
level, sugar intake (g/day), water intake (ml/day), amount of beverages with sugar per day
(ml/day), amount of beverages without sugar per day (ml/day), amount of toothpaste child used
regularly from birth to 2 years of age, amount of toothpaste child used regularly from 2-4 years
of age, amount of toothpaste child used regularly from 4-6 years of age, and amount of
toothpaste child currently uses regularly. Socioeconomic status (SES) was calculated using

metrics from the Mexican Association of Marketing Intelligence. This model divides the
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Mexican population in seven groups based on six determinants: human capital, infrastructure,
connectivity, sanitation, planning, and housing. BMI was categorized as underweight (< 18.5),
normal weight (18.5-24.9), overweight (25.0-29.9), and obese (>30.0). The decayed, missing, or
filled surfaces (DMFS) scores were calculated from the ICDAS data with several cutoffs for
defining decay. Blood lead levels are categorized as greater than 5 and less than 5 and the
number visits with blood lead levels greater than 5 was included. Mean and maximum lead levels
across all visits were also calculated. The relationship of blood levels of lead with DMFS was
examined using negative binomial regression, with other caries risk factors included as
covariates. Two additional types of analyses were explored but not presented in the results. Zero
inflated negative binomial models were examined but found to have similar results to the
standard negative binomial, so those results are not shown. Smoothing splines were used to
explore possible nonlinear relationships between lead and DMFS, but nonlinearity was not

found.

Results

A total of 490 children from Mexico City, 50% which were male, participated in this
study. Of this population, 56% were considered to have normal weight, or a body mass index
(BMI) of 18.5-24.99. The overall mean BLL was found to be 4.83 pg/dL (S.D of 2.2) and the

geometric mean was found to be 4.36 (S.D. 2.01) pg/dL. The overall DMFS mean was found to
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be 4.1 (S.D. 5.1, maximum 7.46 and minimum 2.07) Please refer to Table 1 for full descriptive
results.

Mothers or caregivers reported oral hygiene habits of their children using a survey.
Analysis of oral hygiene habits within this population revealed 37% of participants reported
receiving professional fluoride. Caregivers reported they began to brush their children’s teeth
before the age of two 73% of the time and 77% of the caregivers stated teeth were brushed two
or more times a day. Please refer to Table 2 to view the complete list of oral hygiene variables.

When considering the mean and maximum blood lead level, no statistically significant
association was found with DMFS (Tables 3 and 4, respectively). Also, no association was found
between the number of visits with BLL > 5ug/dL and DMFS (data not shown). Statistically
significant positive associations were found between DMFS and increasing age, as well as grams
of sugar consumed per day. Similar results were found when using the maximum BLL, however
D2MFS was significantly correlated with maximum lead levels (as this was the only significant
association, it may be a spurious result). When considering models using mean BLL, an inverse
relationship with the amount of water intake (ml/day) and D2MFS was found to be statistically
significant. A statistically significant inverse correlation was also determined between the
amount of water intake (ml/day) and D1MFS and D2MFS in the models using mean BLL. In
models using either the mean and maximum BLL, subjects with normal BMI had significantly
lower D3MFS than underweight subjects, but no associations were found for any other BMI

range for any other DMFS definition.
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Discussion

The purpose of this study was to analyze data provided from a longitudinal cohort study
of children born and living in Mexico City to determine if levels of lead exposure during the ages
of dental development have any consequence on the caries susceptibility of permanent dentition.
No statistically significant association was found to relate early lead exposure to dental caries
susceptibility, however other sociodemographic and lifestyle factors were associated with caries
in this cohort. These results suggest that lead may not be a major factor in dental caries in the
multifactorial disease of dental caries.

Our results can be compared to those studies that have assessed lead exposure and dental
caries using the DMFS [decayed (D), missing (M), and filled (F) surfaces (S)] count to evaluate
level of caries. Results from researchers who used DMFS can be compared to results from
researchers who used the ICDAS system because the data categories in the ICDAS can be
combined to DMFS categories. In our study, there was no statistically significant association
found between the mean or maximum blood lead level of participants between the ages of 1-4
years and dental caries of permanent dentition between the ages of 9-17 years. These results are
consistent with existing literature providing lack of evidence of a relationship between dental
caries and lead exposure, including a retrospective cohort study conducted in 2000 by Campbell
et al. who found no relationship between lead exposure of toddlers and future DMF counts.?

According to McDonald and Avery’s Dentistry for the Child and Adolescent,

calcification of teeth is the “precipitation of inorganic calcium salts within the deposited matrix”
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of the developing dental hard tissues.?* Casamassimo et al. stated hard tissue calcification of the
permanent teeth begins at birth with the first molar. Calcification of the remaining dentition
begins prior to the age of three and the development of enamel of permanent teeth (excluding
third molars) is not complete until about the age of eight.® Our knowledge of the timing of
developing permanent dentition and the results from this analysis can be used to help determine
that lead exposure of our participants from ages 1-4 did not appear to have a detrimental effect
on the calcification of the developing permanent teeth causing increased caries susceptibility.

The positive significant association found between age and dental caries is consistent
with existing literature. According to the NIH statement made in 2001, the “most consistent
predictor of caries risk in children is past caries experience.”?® Both Hall-Scullin et al. and Li et
al. conducted studies which verify the increased risk of caries in permanent dentition of a child
who had caries in primary dentition.?”: 28 This population also shows a correlation between
increasing age and dental caries. The consistency between this study and existing literature
demonstrates the validity of the data analyzed and the determined results.

It is well known sugar plays an integral part in the development of dental caries. One of
the most well-known studies to exemplify this relationship was the Vipeholm study conducted
from 1945-1952 which showed the importance of sugar in the development of caries in a
population of institutionalized adults in Sweden. 2° Caries develops when cariogenic bacteria
break down simple sugars to create an acidic environment, which promotes demineralization of

the dental enamel. Within this study, dental caries was found to be significantly associated with

This article is protected by copyright. All rights reserved.



12

the number of grams of sugar each participant consumed per day. Just as with the association of
age with dental caries, the significant not only shows sugar consumption played a part in the
development of caries within this population, but also validates the results obtained.

Another aspect of diet which can contribute to differing caries rates are beverages. No
statistically significant relationship was found between dental caries and beverages with or
without sugar. However, a statistically significant inverse relationship was found between the
amount of water intake as milliliters per day and D1MFS and D2MFS. Water plays a very
important role in reducing the amount of caries production, as it can act to rinse away simple
sugars and food debris which may accumulate in the mouth and contribute to caries
development. Water is not fluoridated in Mexico, but according to Martinez-Mier et al., tap
water and community water in Mexico City contain varying amounts of natural fluoride.*® The
results from our study are consistent with existing literature showing drinking water may have a
caries reducing effect.

Limitations regarding this study include the lack of a control group with zero exposure to
lead. Lead exposure is very common in Mexico City and therefore the participants within the
population selected all had variations of lead within their blood. Therefore, this analysis aimed
to determine if differing levels of lead aided in caries development. A follow-up study from this
would be to utilize the population provided and compare to a population with no history of lead
exposure. Another follow-up study to be considered would be to observe the effect continuous

and present exposure to lead has on caries susceptibility.

This article is protected by copyright. All rights reserved.



13

This study provided no evidence of association between exposure to lead during ages of
dental development and caries in the permanent dentition. Other confounding variables, such as
increasing age and sugar consumption, were found to be more statistically associated with the

development of caries in the permanent dentition of this population.

References
1. Watson GE, D. B., Raubertas RF, Pearson SK, Bowen WH. (1997). "Influence of

maternal lead ingestion on caries in rat pups.” Nature medicine 3(9): 1024-1025.

2. Mauricio Hernandez-Avila et al. (1991) “Lead Glazed Ceramics As Major Determinants

of Blood Lead Levels in Mexican Women.” Environmental Health Perspectives. Vol 94:

117-120.

3. Brown MJ, Margolis S. Lead in drinking water and human blood lead levels in the United
States. MMWR Supplement 2012; 10; (4): 1-9

4. Wiener RC, L. D., Jurevic RJ. (2015). "Blood levels of the heavy metal, lead, and caries

in children aged 24-72 months: NHANES I11." Caries Research 49(1): 26-33.

This article is protected by copyright. All rights reserved.



10.

11.

12.

14

Steven G. Gilbert, B. W. (2006). "A rationale for lowering the blood lead action level

from 10 to 2 pug/dL." NeuroToxicology 27(5): 693-701.

Gil F, P. M., Facio A, Villanueva E, Tojo R, Gil A. (1994). "Dental lead levels in the

Galician population, Spain."” The Science of the total environment 156(2): 145-150.

Gil F, F. A, Villanueva E, Pérez ML, Tojo R, Gil A. (1996). "The association of tooth

lead content with dental health factors.” The Science of the total environment 192(2):

183-191.
Shishniashvili TE, S. N., Margvelashvili VV. (2016). "Primary teeth and hair as

indicators of environmental pollution.” Journal of Clinical Pediatric Dentistry 40(2): 152-

155.
Gemmel A, T. M., Alperin S, Soncini J, Daniel D, Dunn J, Crawford S, Braveman N,
Clarkson TW, McKinlay S, Bellinger DC. (2002). "Blood lead level ad dental caries in

school-age children.” Environmental health perspectives 110(10): A625-630.

Moss ME, L. B., Auinger P. (1999). "Association of dental caries and blood lead levels."

The Journal of American Medicine Association 281(24): 2294-2298.

Gomes VE, W. R, Cury JA, Sousa Mda L (2004). "Lead level, enamel defects and dental

caries in deciduous teeth." Revista de Saude Publica 38(5): 716-722.

Youravong N, C. V., Geater AF, Dahlén G, Teanpaisan R. (2006). "Lead associated
caries development in children living in a lead contaminated area, Thailand.” The Science

of the total environment 361(1-3): 88-96.

This article is protected by copyright. All rights reserved.



13.

14.

15.

16.

17.

18.

19.

15

Ceni¢-Milosevi¢ D, M. 1., Kolak V, Pejanovi¢ D, Risti¢ T, Jakovljevi¢ A, Popovi¢ M,
Pesi¢ D, Melih L. (2013). "Environmental lead pollution and its possible influence on

tooth loss and hard dental tissue lesions.” VVojnosanitetski Pregled 70(8): 751-756.

Tatjana Todorovic, D. V., Ivan Dozic, Aleksandra Petkovic-Curcin (2008). “Calcium and
magnesium content in hard tissues of rats under condition of subchronic lead

intoxication.” Magnesium Research. 21 (1): 43-50.

WH, B. (2001). "Exposure to metal ions and susceptibility to dental caries.” Journal of

Dental Education 65(10): 1046-1053.

Glauce Regina Costa de Almeida, M. d. C.P.S., Fernando Barbosa Jr., Francisco José
Krug, Jaime Aparecido Cury, Maria da Luz Roséario de Sousa (2007). “Lead contents in
the surface enamel of deciduous teeth sampled in vivo from children in uncontaminated

and in lead-contaminated areas.” Environmental Research. 104(3): 337-345.

David J. Bellis, K. M. H., Joseph Jones, Dula Amarasiriwardena, Patrick J. Parsons
(2008). "Lead in teeth from lead-dosed goats: Microdistribution and relationship to the

cumulative lead dose.” Environmental Research 106(1): 34-41.

Piotr Wychowanski, K. M. (2017). "Evaluation of Metal lon Concentration in Hard

Tissues of Teeth in Residents of Central Poland." BioMed Research International 2017:

6419709.
R. Cleymaet, K.C., D. H. Retief, Y. Michotte, D. Slop, E. Taghon, W. Maexand D.

Coomans (1991). “Relation between Lead in Surface Tooth Enamel, Blood, and Saliva

This article is protected by copyright. All rights reserved.



20.

21.

22,

23.

24,

25.

26.

16

from Children Residing in the Vicinity of a Non-Ferrous Metal Plant in Belgium.”

Brittish Journal of Industrial Medicine. 48(10): 702-709.

Youravong N, R.T., Jérgen G. Norénc, Agneta Robertson, Wolfram Dietzd, Hans
Odeliuse, Gunnar Dahlén (2008). “Chemical composition of enamel and dentine in

primary teeth in children from Thailand exposed to lead.” Science of the Total

Environment. 389(2-3): 253-258.
Jablonski-Momeni A, Hoppe R, Stachniss V. “Use of digitally optimized images of
ICDAS caries codes by undergraduate dental students.” In: Méndez-Vilas A.

(ed.). Microscopy: advances in scientific research and education. Volume 2, Badajoz,

Spain: Formatex Research Center. 2014: 1203-1209.
"Development of ICCMSTM." ICDAS - What Is ICDAS. ICDAS Foundation, n.d. Web.

03 Mar. 2017. https://www.icdas.org/what-is-icdas.

Campbell JR, M. M., Raubertas RF (2000). "The association between caries and

childhood lead exposure." Environmental health perspectives 108(11): 1099-1102.

McDonald RE, Avery DR, Dean JA, Jones JE. (2016). McDonald and Avery’s Dentistry
for the Child and Adolescent. St Louis, MO. Elsevier.

Casamassimo PS, Fields HW, McTigue DJ, Nowak AJ. (2013) Pediatric dentistry:
infancy through adolescence. St Louis, MO. Elsevier.

National Institutes of Health. "Diagnosis and management of dental caries throughout

life." NIH consensus statement 18.1 (2001): 1.

This article is protected by copyright. All rights reserved.


https://www.icdas.org/what-is-icdas

27.

28.

29.

30.

17

Hall-Scullin, E., et al. "Longitudinal study of caries development from childhood to
adolescence." Journal of dental research 96.7 (2017): 762-767.

Li, Yihong, and W. Wang. "Predicting caries in permanent teeth from caries in primary
teeth: an eight-year cohort study.” Journal of dental research 81.8 (2002): 561-566.
Gustafsson BE, Quensel C-E, Swenander Lanke L, Lundqvist C, Grahnen H, Bonow BE,
Krasse B (1954). The Vipeholm Dental Caries Study. The effects of different levels of
carbohydrate intake in 436 individuals observed for five years. Acta Odontol Scand
11:232-364.

Martinez-Mier EA, Soto-Rojas AE, Buckley CM, Zero DT, Margineda J. Fluoride
concentration of bottled water, tap water, and fluoridated salt from two communities in

Mexico. International dental journal. 2005 Apr;55(2):93-9.

This article is protected by copyright. All rights reserved.



Table 1: Descriptive Statistics. n (%) or Mean (SD)
Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Variable Mean / Frequency
Sex, n (%)

Male 245 (50%)
Female 245 (50%)
BMI, n (%)

Underweight (< 18.5) 127 (26%)
Normal (18.5-24.9) 276 (56%)
Overweight (25.0-29.9) 73 (15%)
Obese (> 30.0) 18 (4%)

Age, years 14.3 (2.1)

Age, years, N (%)

10 11 (2%)
11 77 (16%)
12 72 (15%)
13 79 (16%)
14 44 (9%)
15 55 (11%)
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16 102 (21%)
17 52 (11%)
SES Level 8.6 (3.2)
Sugar Intake, g/day 41.9 (45.8)
Water Intake, ml/day 667 (564)
Beverages with Sugar, ml/day 650 (504)
Beverages without Sugar, 51 (123)
ml/day

Number of visits with BLL >5 2.73 (2.2)
pg/dL

Number of visits with BLL <5 4.81 (2.3)
pg/dL

Mean BLL, pg/dL 4.83 (2.2)
Maximum BLL among all visits, 8.26 (4.7)
pg/dL

Mean D#MFS 41 (5.1)
D1IMFS* 7.46 (6.9)
D2MFS 5.76 (6.9)
D3MFS 2.98 (4.3)
DAMFS 2.22 (3.9)
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D5MFS

2.07 (3.7)

*: D#MFS represents DMFS counts using all ICDAS scores > # as Decay.

* BLL: Blood Lead Level * BMI: Body Mass Index * SES: Socioeconomic Status
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Table 2: Oral Hygiene Variables:
Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

VARIABLE n (%)

Did the child receive any fluoride from a dentist before the age of 6?

Yes, frequently (4 or more times) 38 (10%)
Yes, occasionally (1-3 times) 63 (16%)
No 282 (72%)

Missing 161

What age did you start to brush your child’s teeth?

< 2yrs 403 (73%)
2-4 yrs 127 (23%)
4-6 yrs 13 (2%)

How often do you usually brush your child’s teeth after age 2?

Twice a day or more 422 (77%)

Once a day 122 (22%)

From birth to 2 years, the amount of paste your child used

regularly.

Thick band that covers the brush -
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Thin band that covers the brush

Covers ¥ of the brush 7 (1.28%)
Covers % of the brush 28 (5.10%)
Covers Y4 of the brush 24 (4.37%)
Covers less than ¥4 of the brush 51 (9.29%)

Very small amount of place on the brush

52 (9.47%)

Didn’t use toothpaste

387 (70.49%)

From 2-4 years, the amount of paste your child used regularly

Thick band that covers the brush

Thin band that covers the brush

12 (2.18%)

Covers ¥ of the brush 50 (9.09%)

Covers %2 of the brush 129 (23.45%)

Covers Y4 of the brush 103 (18.73%)
Covers less than ¥4 of the brush 92 (16.73%)

Very small amount of place on the brush

52 (9.45%)

Didn’t use toothpaste

111 (20.18%)

From 4-6 years, the amount of paste your child used regularly

Thick band that covers the brush

12 (2.18%)

Thin band that covers the brush 78 (14.18%)
Covers % of the brush 155 (28.18%)
Covers % of the brush 153 (27.82%)
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Covers Y4 of the brush 81 (14.73%)
Covers less than ¥4 of the brush 57 (10.36%)
Very small amount of place on the brush 12 (2.18%)

Currently, the amount of paste your child uses regularly

Thick band that covers the brush 134 (24.36%)

Thin band that covers the brush 278 (50.55%)
Covers ¥4 of the brush 102 (18.55%)
Covers %2 of the brush 24 (4.36%)
Covers ¥4 of the brush 11 (2%)

Covers less than ¥4 of the brush 1 (0.18%)
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Table 3: Negative Binomial Regression for association of Mean BLL with DMFS.*

Parameter estimate (95% CI) [p-value].

Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Parameter | DIMFS@ (95% D2MFS D3MFS DAMFS D5MFS
Cl) [p-value]
Mean BLL | 0.0295 (-.0318, | 0.0151 (-.0520, | -.0096 (-.0957, | -.0508 (-.1507, | -.0550 (-.1572,
0.0908) 0.0821) 0.0764) 0.0490) 0.0473)
[0.3455] [0.6593] [0.8265] [0.3181] [0.2920]
Age 0.1182 0.1192
0.0743 (0.0118, | 0.0913 (0.0223, (0.0313, (0.0164, 0.1270 (0.0205,
0.1367) 0.1603) 0.2050) 0.2219) 0.2335)
[0.0198] [0.0095] [0.0076] [0.0230] [0.0194]
BMI- -.2409 (-.5315, | -.2749 (-.5976, | -.5052 (-.9182, | -.4254 (-.9226, | -.3748 (-.9003,
normal 0.0497) 0.0478) -.0923) 0.0718) 0.1506)
[0.1042] [0.0949] [0.0165] [0.0935] [0.1621]
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Parameter | DIMFS@ (95% D2MFS D3MFS DAMFS D5MFS
Cl) [p-value]
BMI- 0.0912 (-.3108, | 0.1982 (-.2493, 0.0300 (- 0.2779 (- 0.3395 (-.3787,
overweight 0.4931) 0.6456) 5425, 0.6025) | .4104, 0.9662) 1.0577)
[0.6566] [0.3853] [0.9182] [0.4287] [0.3542]
BMI-obese | -.0381 (-.6726, | -.1180 (-.8307, | -.5679 (-1.485, | -.9266 (-2.056, | -.9017 (-2.085,
0.5964) 0.5947) 0.3493) 0.2026) 0.2814)
[0.9063] [0.7456] [0.2249] [0.1078] [0.1352]
Sugar 0.0048 0.0064
intake 0.0014 (-.0011, | 0.0022 (-.0006, (0.0014, (0.0024, 0.0067 (0.0024,
(g/day) 0.0039) 0.0050) 0.0082) 0.0105) 0.0111)
[0.2792] [0.1190] [0.0056] [0.0020] [0.0023]
Water -.0002 (-.0004, | -.0002 (-.0005, |-.0001 (-.0004, | -.0002 (-.0006, | -.0002 (-.0006,
intake 0.0000) 0.0000) 0.0002) 0.0001) 0.0002)
(ml/day) [0.0224] [0.0463] [0.3855] [0.1931] [0.3569]

*: Only covariates with a statistically significant association with DMFS were included in the

table. The complete list of covariates included: age, sex, BMI category, SES level, sugar intake

(g/day), water intake (ml/day), amount of beverages with sugar per day, amount of beverages
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without sugar per day, amount of toothpaste child used regularly from birth to 2 years of age,
amount of toothpaste child used regularly from 2-4 years of age, amount of toothpaste child used
regularly from 4-6 years of age, amount of toothpaste child currently uses regularly.

@: D#MEFS represents DMFS counts using all ICDAS scores > # as Decay.

BMI: Body Mass Index BLL: Blood Lead Level
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Table 4: Negative Binomial Regression for association of Maximum BLL with DMFS.*

Parameter estimate (95% CI) [p-value].

Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Parameter DIMFS®@ D2MFS D3MFS DAMFS D5MFS
(95% CI) [p-
value]
Max BLL |0.0131 (-.0146, | 0.0073 (-.0232, | -.0050 (-.0455, |-.0148 (-.0652, | -.0160 (-.0683,
0.0408) 0.0379) 0.0355) 0.0356) 0.0363)
[0.3546] [0.6370] [0.8097] [0.5649] [0.5492]
Age 0.0743 0.1133
(0.0117, 0.0908 (0.0216, | 0.1185 (0.03186, (0.0099, 0.1207 (0.0133,
0.1368) 0.1601) 0.2055) 0.2168) 0.2280)
[0.0199] [0.0102] [0.0075] [0.0317] [0.0276]
BMI- -.2433 (-.5349, | -.2757 (-.5987, | -.5054 (-.9173, | -.4439 (-.9397, | -.3990 (-.9224,
normal 0.0482) 0.0472) -.0935) 0.0520) 0.1244)
[0.1018] [0.0942] [0.0162] [0.0794] [0.1351]
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Parameter DIMFS®@ D2MFS D3MFS D4MFS D5MFS
(95% CI) [p-
value]
BMI- 0.0922 (-.3099, | 0.1993 (-.2473, | 0.0280 (-.5401, 0.2341 (- 0.2878 (-.4230,
overweight 0.4944) 0.6459) 0.5961) 4474, 0.9156) 0.9985)
[0.6531] [0.3817] [0.9231] [0.5008] [0.4275]
BMI-obese | -.0438 (-.6798, | -.1210 (-.8346, | -.5659 (-1.484, |-.9434 (-2.075, | -.9213 (-2.106,
0.5921) 0.5925) 0.3520) 0.1878) 0.2634)
[0.8925] [0.7396] [0.2269] [0.1021] [0.1275]
Sugar 0.0065
intake | 0.0014 (-.0011, | 0.0022 (-.0006, | 0.0048 (0.0014, (0.0024, 0.0068 (0.0024,
(g/day) 0.0039) 0.0050) 0.0082) 0.0105) 0.0111)
[0.2763] [0.1186] [0.0056] [0.0020] [0.0023]
Water -.0002 (-.0004, | -.0002 (-.0005, | -.0001 (-.0004, | -.0002 (-.0006, | -.0002 (-.0005,
intake 0.0000) 0.0000) 0.0002) 0.0001) 0.0002)
(ml/day) [0.0193] [0.0432] [0.3886] [0.2244] [0.4075]

*: Only covariates with a statistically significant association with DMFS were included in the

table. The complete list of covariates included: age, sex, BMI category, SES level, sugar intake

(g/day), water intake (ml/day), amount of beverages with sugar per day, amount of beverages
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without sugar per day, amount of toothpaste child used regularly from birth to 2 years of age,
amount of toothpaste child used regularly from 2-4 years of age, amount of toothpaste child used
regularly from 4-6 years of age, amount of toothpaste child currently uses regularly.

@: D#MEFS represents DMFS counts using all ICDAS scores > # as Decay.

* BMI: Body Mass Index BLL: Blood Lead Level
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Table 1: Descriptive Statistics. n (%) or Mean (SD)

Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Variable Mean / Frequency
Sex, n (%)

Male 245 (50%)
Female 245 (50%)
BMI, n (%)

Underweight (< 18.5)

127 (26%)

Normal (18.5-24.9)

276 (56%)

Overweight (25.0-29.9) 73 (15%)
Obese (> 30.0) 18 (4%)

Age, years 14.3 (2.1)
Age, years, N (%)

10 11 (2%)

11 77 (16%)
12 72 (15%)
13 79 (16%)
14 44 (9%)

15 55 (11%)
16 102 (21%)
17 52 (11%)
SES Level 8.6 (3.2)
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Sugar Intake, g/day 41.9 (45.8)
Water Intake, ml/day 667 (564)
Beverages with Sugar, ml/day 650 (504)
Beverages without Sugar, 51 (123)
ml/day

Number of visits with BLL >5 2.73 (2.2)
pg/dL

Number of visits with BLL <5 4.81 (2.3)
pg/dL

Mean BLL, pg/dL 4.83 (2.2)
Maximum BLL among all visits, 8.26 (4.7)
pg/dL

Mean D#MFS 4.1 (5.1)
D1MFS* 7.46 (6.9)
D2MFS 5.76 (6.9)
D3MFS 2.98 (4.3)
DAMFS 2.22 (3.9)
D5MFS 2.07 (3.7)

*: D#MFS represents DMFS counts using all ICDAS scores > # as Decay.

* BLL: Blood Lead Level * BMI: Body Mass Index * SES: Socioeconomic Status
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Table 2: Oral Hygiene Variables:
Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

VARIABLE n (%)

Did the child receive any fluoride from a dentist before the age of 67

Yes, frequently (4 or more times) 38 (10%)
Yes, occasionally (1-3 times) 63 (16%)
No 282 (72%)

Missing 161

What age did you start to brush your child’s teeth?

< 2yrs 403 (73%)
2-4 yrs 127 (23%)
4-6 yrs 13 (2%)

How often do you usually brush your child’s teeth after age 2?

Twice a day or more 422 (77%)

Once a day 122 (22%)

From birth to 2 years, the amount of paste your child used

regularly.

Thick band that covers the brush -

Thin band that covers the brush -
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Covers ¥ of the brush 7 (1.28%)
Covers %2 of the brush 28 (5.10%)
Covers ¥4 of the brush 24 (4.37%)
Covers less than ¥4 of the brush 51 (9.29%)

Very small amount of place on the brush

52 (9.47%)

Didn’t use toothpaste

387 (70.49%)

From 2-4 years, the amount of paste your child used regularly

Thick band that covers the brush

Thin band that covers the brush

12 (2.18%)

Covers ¥ of the brush 50 (9.09%)

Covers ¥ of the brush 129 (23.45%)

Covers Y4 of the brush 103 (18.73%)
Covers less than ¥4 of the brush 92 (16.73%)

Very small amount of place on the brush

52 (9.45%)

Didn’t use toothpaste

111 (20.18%)

From 4-6 years, the amount of paste your child used regularly

Thick band that covers the brush

12 (2.18%)

Thin band that covers the brush 78 (14.18%)
Covers ¥4 of the brush 155 (28.18%)
Covers %2 of the brush 153 (27.82%)
Covers ¥4 of the brush 81 (14.73%)

Covers less than ¥4 of the brush 57 (10.36%)

Very small amount of place on the brush

12 (2.18%)

Currently, the amount of paste your child uses regularly

Thick band that covers the brush

134 (24.36%)
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Thin band that covers the brush

278 (50.55%)

Covers % of the brush

102 (18.55%)

Covers % of the brush 24 (4.36%)
Covers ¥4 of the brush 11 (2%)
Covers less than ¥4 of the brush 1 (0.18%)
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Table 3: Negative Binomial Regression for association of Mean BLL with DMFS.*

Parameter estimate (95% CI) [p-value].

Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Parameter | DIMFS@ (95% D2MFS D3MFS DAMFS D5MFS
Cl) [p-value]
Mean BLL | 0.0295 (-.0318, | 0.0151 (-.0520, | -.0096 (-.0957, | -.0508 (-.1507, | -.0550 (-.1572,
0.0908) 0.0821) 0.0764) 0.0490) 0.0473)
[0.3455] [0.6593] [0.8265] [0.3181] [0.2920]
Age 0.1182 0.1192
0.0743 (0.0118, | 0.0913 (0.0223, (0.0313, (0.0164, 0.1270 (0.0205,
0.1367) 0.1603) 0.2050) 0.2219) 0.2335)
[0.0198] [0.0095] [0.0076] [0.0230] [0.0194]
BMI- -.2409 (-.5315, | -.2749 (-.5976, | -.5052 (-.9182, | -.4254 (-.9226, | -.3748 (-.9003,
normal 0.0497) 0.0478) -.0923) 0.0718) 0.1506)
[0.1042] [0.0949] [0.0165] [0.0935] [0.1621]
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Parameter | DIMFS@ (95% D2MFS D3MFS DAMFS D5MFS
Cl) [p-value]

BMI- 0.0912 (-.3108, | 0.1982 (-.2493, 0.0300 (- 0.2779 (- 0.3395 (-.3787,
overweight 0.4931) 0.6456) 5425, 0.6025) | .4104, 0.9662) 1.0577)
[0.6566] [0.3853] [0.9182] [0.4287] [0.3542]

BMI-obese | -.0381 (-.6726, | -.1180 (-.8307, | -.5679 (-1.485, | -.9266 (-2.056, | -.9017 (-2.085,
0.5964) 0.5947) 0.3493) 0.2026) 0.2814)
[0.9063] [0.7456] [0.2249] [0.1078] [0.1352]

Sugar 0.0048 0.0064

intake 0.0014 (-.0011, | 0.0022 (-.0006, (0.0014, (0.0024, 0.0067 (0.0024,
(g/day) 0.0039) 0.0050) 0.0082) 0.0105) 0.0111)
[0.2792] [0.1190] [0.0056] [0.0020] [0.0023]

Water -.0002 (-.0004, | -.0002 (-.0005, |-.0001 (-.0004, | -.0002 (-.0006, | -.0002 (-.0006,
intake 0.0000) 0.0000) 0.0002) 0.0001) 0.0002)
(ml/day) [0.0224] [0.0463] [0.3855] [0.1931] [0.3569]

*: Only covariates with a statistically significant association with DMFS were included in the

table. The complete list of covariates included: age, sex, BMI category, SES level, sugar intake

(g/day), water intake (ml/day), amount of beverages with sugar per day, amount of beverages

without sugar per day, amount of toothpaste child used regularly from birth to 2 years of age,

amount of toothpaste child used regularly from 2-4 years of age, amount of toothpaste child used

regularly from 4-6 years of age, amount of toothpaste child currently uses regularly.
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@: D#MEFS represents DMFS counts using all ICDAS scores > # as Decay.

BMI: Body Mass Index BLL: Blood Lead Level
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Table 4: Negative Binomial Regression for association of Maximum BLL with DMFS.*

Parameter estimate (95% CI) [p-value].

Data from Early Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort

(490 children)

Parameter DIMFS®@ D2MFS D3MFS DAMFS D5MFS
(95% CI) [p-
value]
Max BLL |0.0131 (-.0146, | 0.0073 (-.0232, | -.0050 (-.0455, |-.0148 (-.0652, | -.0160 (-.0683,
0.0408) 0.0379) 0.0355) 0.0356) 0.0363)
[0.3546] [0.6370] [0.8097] [0.5649] [0.5492]
Age 0.0743 0.1133
(0.0117, 0.0908 (0.0216, | 0.1185 (0.03186, (0.0099, 0.1207 (0.0133,
0.1368) 0.1601) 0.2055) 0.2168) 0.2280)
[0.0199] [0.0102] [0.0075] [0.0317] [0.0276]
BMI- -.2433 (-.5349, | -.2757 (-.5987, | -.5054 (-.9173, | -.4439 (-.9397, | -.3990 (-.9224,
normal 0.0482) 0.0472) -.0935) 0.0520) 0.1244)
[0.1018] [0.0942] [0.0162] [0.0794] [0.1351]
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Parameter DIMFS®@ D2MFS D3MFS D4MFS D5MFS
(95% CI) [p-
value]

BMI- 0.0922 (-.3099, | 0.1993 (-.2473, | 0.0280 (-.5401, 0.2341 (- 0.2878 (-.4230,
overweight 0.4944) 0.6459) 0.5961) 4474, 0.9156) 0.9985)
[0.6531] [0.3817] [0.9231] [0.5008] [0.4275]

BMI-obese | -.0438 (-.6798, | -.1210 (-.8346, | -.5659 (-1.484, |-.9434 (-2.075, | -.9213 (-2.106,
0.5921) 0.5925) 0.3520) 0.1878) 0.2634)
[0.8925] [0.7396] [0.2269] [0.1021] [0.1275]

Sugar 0.0065

intake | 0.0014 (-.0011, | 0.0022 (-.0006, | 0.0048 (0.0014, (0.0024, 0.0068 (0.0024,
(g/day) 0.0039) 0.0050) 0.0082) 0.0105) 0.0111)
[0.2763] [0.1186] [0.0056] [0.0020] [0.0023]

Water -.0002 (-.0004, | -.0002 (-.0005, | -.0001 (-.0004, | -.0002 (-.0006, | -.0002 (-.0005,
intake 0.0000) 0.0000) 0.0002) 0.0001) 0.0002)
(ml/day) [0.0193] [0.0432] [0.3886] [0.2244] [0.4075]

*: Only covariates with a statistically significant association with DMFS were included in the

table. The complete list of covariates included: age, sex, BMI category, SES level, sugar intake

(g/day), water intake (ml/day), amount of beverages with sugar per day, amount of beverages

without sugar per day, amount of toothpaste child used regularly from birth to 2 years of age,

amount of toothpaste child used regularly from 2-4 years of age, amount of toothpaste child used

regularly from 4-6 years of age, amount of toothpaste child currently uses regularly.
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@: D#MEFS represents DMFS counts using all ICDAS scores > # as Decay.

* BMI: Body Mass Index BLL: Blood Lead Level
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