Environment International 121 (2018) 658-666

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Prenatal fluoride exposure and attention deficit hyperactivity disorder )
(ADHD) symptoms in children at 6-12 years of age in Mexico City e

Morteza Bashash™*, Maelle Marchand®, Howard Hu™' , Christine Till", E. Angeles Martinez-Mier",
Brisa N. Sanchez’, Niladri Basu®, Karen E. Peterson®"#, Rivka Green”, Lourdes Schnaas",
Adriana Mercado-Garcia', Mauricio Hernandez-Avila', Martha Marfa Téllez-Rojo'

2 Dalla Lana School of Public Health, University of Toronto, Toronto, ON, Canada

® Faculty of Health - Department of Psychology, York University, ON, Canada

€ Indiana University School of Dentistry, Indianapolis, IN, United States of America

4 University of Michigan School of Public Ilealth, Ann Arbor, MI, United States of America

€ Faculty of Agricultural and Environmental Sciences, McGill University, Montreal, QC, Canada

£ Center for Human Growth and Development, University of Michigan, Ann Arbor, MI, United States of America
& Harvard W.T. Chan School of Public Health, Boston, MA, United States of America

B Instituto Nacional de Perinatologia, Mexico City, Mexico

! Instituto Nacional de Salud Piiblica, Cuernavaca, Morelos, Mexico

ARTICLE INFO ABSTRACT

Ilandling [ditor: Yong Guan Zhu Background: Epidemiologic and animal-based studies have raised concern over the potential impact of fluoride

exposure on neurobehavioral development as manifested by lower IQ and deficits in attention. To date, no

Fluoride prospective epidemiologic studies have examined the effects of prenatal fluoride exposure on behavioral out-

Pregnancy comes using fluoride biomarkers and sensitive measures of attention.

Neurobehavioral Objective: We aimed to examine the association between prenatal fluoride exposure and symptoms associated

ADHD with attention-deficit/hyperactivity disorder (ADHD).
Method: 213 Mexican mother-children pairs of the Early Life Exposures to Environmental Toxicants (ELEMENT)
birth cohort study had available maternal urinary samples during pregnancy and child assessments of ADHD-like
behaviors at age 6-12. We measured urinary fluoride levels adjusted for creatinine (MUF,,) in spot urine samples
collected during pregnancy. The Conners' Rating Scales-Revised (CRS-R) was completed by mothers, and the
Conners' Continuous Performance Test (CPT-1I) was administered to the children.
Results: Mean MUF,. was 0.85mg/L (SD — 0.33) and the Interquartile Range (IQR) was 0.46 mg/L. In multi-
variable adjusted models using gamma regression, a 0.5 mg/L higher MUF,,. (approximately one IQR higher)
corresponded with significantly higher scores on the CRS-R for DSM-IV Inattention (2.84 points, 95% CI: 0.84,
4.84) and DSM-IV ADHD Total Index (2.38 points, 95% CI: 0.42, 4.34), as well as the following symptom scales:
Cognitive Problems and Inattention (2.54 points, 95% CI: 0.44, 4.63) and ADHD Index (2.47 points; 95% CI:
0.43, 4.50). The shape of the associations suggested a possible celling effect of the exposure. No significant
associations were found with outcomes on the CPT-II or on symptom scales assessing hyperactivity.
Conclusion: Higher levels of fluoride exposure during pregnancy were associated with global measures of ADHD
and more symptoms of inattention as measured by the CRS-R in the offspring.
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Abbreviations: ADHD, attention-deficit hyperactivity disorder; cm?®, cubic centimeters; CNS, Central Nervous System; CPT-II, Conners' Continuous Performance Test
- Second Edition; CRS-R, Conners' Rating Scale — Revised; CUF, specific gravity adjusted child urinary fluoride; DSM-1V, Diagnostic and Statistical Manual of Mental
Disorders — Fourth Edition; ELEMENT, Early Life Exposures in Mexico to Environmental Toxicants; EPA, U.S. Environmental Protection Agency; HOME, Home
Observation for Measurement of the Environment; L, liter; mg, milligram; MUF,, creatinine adjusted maternal urinary fluoride; SD, Standard Deviation; SE, Standard
Error
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Table 1
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Cohort characteristics including key covariates, urinary fluoride levels, and outcome measurements. Statistical differences across the cohorts are reported upon in the

final column.

Cohort * N Mean (95% CI) % D
A) PARTICIPANTS
Child Sex (Girl) 2A 37 52.90% .831
3 Ca 43 53.10%
3 Placebo 36 57.10%
Total 116 54.00%
First Child 2A 24 34.30% .839
3Ca 25 30.90%
3 Placebo 18 28.60%
Total 67 31.00%
Birth Weight (Kg) 2A 70 3.05 (2.94, 3.16) .103
3 Ca 81 3.20 (3.10, 3.30)
3 Placebo 63 3.11 (3.01, 3.21)
Total 214 3.13(3.07, 3.18)
Gestational Age (Weeks) 2A 70 38.60 (38.21, 38.99) 647
3Ca 81 38.74 (38.46, 39.02)
3 Placebo 63 38.49 (38.01, 38.97)
Total 214 38.62 (38.41, 38.84)
Age At Outcome Assessment (Year) 2A 70 10.04 (9.89, 10.21) <.01
3Ca 81 7.63 (7.52,7.75)
3 Placebo 63 7.57 (7.44, 7.69)
Total 214 840 (8.23, 8.57)
Marital Status (Married) 2A 46 65.70% 428
3Ca 60 74.10%
3 Placebo 48 76.20%
Total 154 72.00%
Maternal Smoking (Ever Smoked) 2A 32 46.40% 726
3Ca 42 51.90%
3 Placebo 29 45.70%
Total 103 48.10%
Maternal Education (Years) 2A 70 10.73 (10.08, 11.37) 580
3Ca 81 11.11 (10.47, 11.75)
3 Placebo 63 10.68 (10.03, 11.34)
Total 214 10.86 (10.49, 11.23)
SES* 2A 70 6.69 (6.10, 7.27) 604
3 Ca 81 6.32 (5.82, 6.82)
3 Placebo 63 6.33 (5.64, 7.02)
Total 214 6.44 (6.11, 6.78)
B) EXPOSURE AND OUTCOMES
MUF,, 2 2A 70 0.87 (0.80, 0.95) 0.889
3Ca 81 0.85 (0.78, 0.92)
3 Placebo 63 0.85 (0.76, 0.95)
Total 214 0.85 (0.81, 0.90)
CRS-R ®
Cognitive Problems + Inattention 2A 68 55.16 (52.45, 57.87) .884
3Ca 79 54.32 (51.85, 56.78)
3 Placebo 63 54.43 (51.78, 57.08)
Total 210 54.62 (53.14, 56.10)
Restless-Impulsive 2A 68 55.43 (52.56,58.30) 490
3Ca 79 55.19 (52.32, 58.07)
3 Placebo 63 54.28 (52.11, 56.45)
Total 210 54.35 (52.94, 55.75)
Hyperactivity 2A 68 56.67 (53.62, 56.35) 217
3Ca 79 54.52 (52.42, 56.62)
3 Placebo 63 53.70 (51.74, 55.66)
Total 210 54.97 (53.59, 56.35)
ADHD * Index 2A 68 54.53 (51.77, 56.29) 865
3Ca 79 54.56 (52.29, 56.82)
3 Placebo 63 53.70 (51.25, 56.14)
Total 210 54.30 (52.88, 55.71)
DSM-IV ® Inattention 2A 68 54.42 (51.60, 57.23) 825
3Ca 79 53.92 (51.65, 56.22)
3 Placebo 63 53.29 (50.98, 55.60)
Total 210 53.89 (52.48, 55.30)
DSM-IV Hyperactivity-Impulsivity 2A 68 57.54 (54.77, 60.32) 685
3Ca 79 56.80 (54.59, 59.01)
3 Placebo 63 56.00 (53.76, 58.24)
Total 210 56.80 (55.42, 58.18)
DSM-IV ADHD Total 2A 68 56.35 (563.72, 58.99) 670
3 Ca 79 55.63 (53.46, 57.81)
3 Placebo 63 54.79 (52.47, 57.12)
Total 210 55.61 (54.26, 56.97)
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Supplementary Material

Table 31. Multivariate* Gamma regression models of differences across CRS-R and CPT-II

scores per 0.5 mg/L higher maternal creatinine-adjusted urinary fluoride (MUFcr). * further

adjusted for maternal bone Pb, maternal blood Hg and Home score for subset of subjects with

available child urinary fluoride measurements.

CRS-R Scores

Pb " (N=178)

Hg "(N=144)

Home™ (N=127)

CUFsg ~ (N=175)

DSM-IV Inattention

3.12(0.98 ,5.25)

3.78 (1.26,6.31)

2.73(0.16 ,5.3)

3.19 (1.06,5.31)

Cognitive Problems + Inattention

2.78(0.53 ,5.03)

3.49 (0.9,6.07)

3.06 (0.51,5.61)

2.53(0.29,4.77)

DSM-IV ADHD Total

2.91(0.78 ,5.03)

3.61(1.06,6.16)

2.42 (-0.06 ,4.9)

2.74 (0.66 ,4.82)

ADHD Index

2.66(0.43 ,4.9)

3.75(1.11,6.4)

3.3(0.75,5.84)

2.76 (0.62,4.91)

Restless-Impulsive

2.53(0.36 ,4.7)

2.79(0.11,5.46)

1.37(-1.09,3.83)

1.83(-0.29,3.94)

DSM-IV Hyperactivity-lmpulsivity

2.51(0.36 ,4.66)

3.36 (0.71,6.01)

2.02 (-0.54,4.58)

2.02 (-0.11,4.15)

Hyperactivity 1.94(-0.14 ,4.02) 1.76 (-0.87 ,4.38) 0.41(-2.05,2.86) | 1.37(-0.71,3.44)
CPT-ll Scores

Omission Errors 0.14(-2.58 ,2.85) 0.95(-2.24 ,4.13) -0.26 (-3.54,3.04) | -0.21 (-2.22,1.8)
Commission Errors -0.55(-2.57,1.48) | -0.68 (-3.19,1.83) -0.55(-2.91,1.81) | -0.21 (-2.22,1.8)

Hit Reaction Time

1.1(-1.27 ,3.47)

2.49 (-0.42 ,5.39)

2.23 (-0.42,4.89)

0.85 (-1.42 ,3.12)

+ Adjusted for gestational age, weight at birth, sex, parity (being the first child), age at outcome
measurement, and maternal characteristics including smoking history (ever smoked vs. non-
smoker), marital status (married vs. others), education, socioeconomic status and cohort
(Cohort 3 --Ca, Cohort 3 --placebo and Cohort 2A).* Regression model further adjusted for
maternal bone lead on subset of participants with data on maternal bone lead.

** Regression model further adjusted for maternal blood mercury on participants of cases with

data on maternal blood mercury.

*** Regression model further adjusted for Home Observation for the Measurement of the

Environment (HOME) scores on subset of participants with data on HOME.

**** Regression model further adjusted for child urinary fluoride (specific gravity adjusted) on

subset of participants with data on CUF,g.

Trial Ex. 107.010




Figure $1. Association of maternal creatinine-adjusted urinary fluoride (MUF.) and Conners’

Parent Rating Scales-Revised (CRS-R) including (A) and excluding (B) 3 influential observation

in the model
A)
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Adjusted for gestational age, weight at birth, sex, parity (being the first

child), age at outcome measurement, and maternal characteristics including smoking history
(ever smoked vs. non-smoker), marital status (married vs. others), education, socioeconomic
status and cohort (Cohort 3 --Ca, Cohort 3 --placebo and Cohort 2A). Shaded area is 95%
confidence interval. Short vertical bars on the x-axis reflect the density of the urinary fluoride
measures.

*Excluded from the model and only shown as stars

Individual data points are individual observations, (N=213)
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Figure S2) Adjusted association of maternal creatinine-adjusted urinary fluoride (MUF.) and

The Conners’ Continuous Performance Test (CPT-II) measures.
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Adjusted for gestational age, weight at birth, sex, parity (being the first

child), age at outcome measurement, and maternal characteristics including smoking history
(ever smoked vs. non-smoker), marital status (married vs. others), education, socioeconomic
status and cohort (Cohort 3 --Ca, Cohort 3 --placebo and Cohort 2A). Shaded area is 95%
confidence interval. Short vertical bars on the x-axis reflect the density of the urinary fluoride
measures.

Individual data points are individual observations, n= 210
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