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ARTICLE INFO ABSTRACT

Edited by Dr. P Lein and Dr. R Westerink Foods and beverages provide a source of fluoride exposure in Mexico. While high fluoride concentrations are
neurotoxic, recent research suggests that exposures within the optimal range may also pose a risk to the

Keywords: developing brain. This prospective study examined whether dietary fluoride intake during pregnancy is asso-

Fluoride ciated with toddlers’ neurodevelopment in 103 mother-child pairs from the PROGRESS cohort in Mexico City.

Foods Food and beverage fluoride intake was assessed in trimesters 2 and 3 using a food frequency questionnaire and

Beverages < B oA

R — Mexican tables of fluoride content. We used the Bayley-III to evaluate cognitive, motor, and language outcomes

Prospective (E)hort at 12 and 24 months of age. Adjusted linear regression models were generated for each neurodevelopment

Tafants assessment time point (12 and 24 months). Mixed-effects models were used to consider a repeated measurement

approach. Interactions between maternal fluoride intake and child sex on neurodevelopmental outcomes were
tested. Median (IQR) dietary fluoride intake during pregnancy was 1.01 mg/d (0.73, 1.32). Maternal fluoride
intake was not associated with cognitive, language, or motor outcomes collapsing across boys and girls. How-
ever, child sex modified the association between maternal fluoride intake and cognitive outcome (p interaction
term = 0.06). A 0.5 mg/day increase in overall dietary fluoride intake was associated with a 3.50-point lower
cognitive outcome in 24-month old boys (95 % CI: -6.58, -0.42); there was no statistical association with girls (8
= 0.07, 95 % CI: -2.37, 2.51), nor on the cognitive outcome at 12-months of age. Averaging across the 12- and
24-month cognitive outcomes using mixed-effects models revealed a similar association: a 0.5 mg/day increase
in overall dietary fluoride intake was associated with a 3.46-point lower cognitive outcome in boys (95 % CI:
-6.23, -0.70). These findings suggest that the development of nonverbal abilities in males may be more
vulnerable to prenatal fluoride exposure than language or motor abilities, even at levels within the recommended
intake range.

Abbreviations: Bayley-11I, Bayley Scales of Infant and Toddler Development, Third Edition; FFQ, Food Frequency Questionnaire; PROGRESS, Programming
Research in Obesity, Growth, Environment and Social Stressors; SES, Socioeconomic status.
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Table 2
Maternal dietary information.
All Boys Girls

Mother’s diet Median IQR Median IQR Median IQR p value*
2nd trimester (n = 64)
Fluoride (mg/d) 0.95 0.64, 1.45 1.04 0.62, 1.47 0.92 0.67,1.36 0.63
Calcium (mg/d) 1198.3 850.1, 1517.7 1177.3 8781, 1435.0 1217.6 819.1, 1838.8 0.77
Energy (Kcal/d) 2011.1 1582.3, 2781.2 2080.4 1582.3, 2847.0 1967.9 1580.5, 2664.4 0.69
3rd trimester (n = 91)
Fluoride (mg/d) 0.98 0.70, 1.26 0.92 0.69, 1.18 1.000 0.79,1.27 0.19
Calcium (mg/d) 1308.0 1045.2, 1666.1 12245 1045.2, 1589.4 1374.3 1015.9, 1749.6 0.19
Energy (Kcal/d) 2131.2 1776.2, 2924.2 20289 1617.4, 2924.2 2337.8 1853.3, 2960.5 0.17
Average (n = 103)
Fluoride (mg/d) 1.01 0.73,1.32 1.01 0.69, 1.33 1.03 0.78,1.31 0.46
Calcium (mg/d) 1238.8 979.4, 1702.4 12231 1009.1, 1666.1 1305.7 977.0, 1764.3 0.26
Energy (Kcal/d) 2218.0 1803.8, 2746.1 21911 1801.6, 2746.1 2259.3 1833.0, 2773.5 0.70
Added salt with salt-shaker: yes; n (%) 27 (28) 24 (12) 30 (16) 0.60

* p value for Wilcoxon test comparing boys and gitls.

Table 3

Adjusted regression coefficients (95 % confidence interval) from linear regression models for the time-specific associations between fluoride intake (0.5 mg/d) in
pregnancy and Bayley-III neurodevelopmental outcomes at 12 (n = 98) and 24 months (n = 77).

12 months (n = 98)

Cognitive Language Motor
Fluoride intake (mg/d) 95 % CI 95 % CI 95 % CI
2nd Trimester (n = 61) —0.63 —3.03 1.79 —0.74 —-3.22 1.74 —0.90 -3.07 1.28
3rd trimester (n = 86) -1.31 —3.64 1.03 —1.24 —3.57 1.10 —1.02 -3.36 1.32
Average in pregnancy (n = 98) -1.85 —4.18 0.49 —0.98 -3.21 1.25 -1.10 -3.28 1.08
Boys* —2.43 —6.12 1.27 —1.04 —-4.90 2.83 —0.72 —4.52 3.09
Girls* -0.71 —3.50 2.09 —1.05 —-3.95 1.84 -1.77 —4.62 1.08
P interaction term* 0.43 0.99 0.65
24 months (n = 77)
Cognitive Language Motor
Fluoride intake (mg/d) f 95 % CI 95 % CI B 95 % CI
2nd Trimester (n = 43) —0.62 —3.58 2.34 -0.92 —3.90 2.07 -1.65 —4.42 1.12
3rd trimester (n = 71) -1.26 -3.31 0.79 0.15 -1.93 2.24 -0.21 —-2.29 1.87
Average in pregnancy (n = 77) -1.14 —3.26 0.99 —0.22 —2.34 191 —0.88 —3.02 1.26
Boys* —3.50 —6.58 —0.42 -1.77 —5.02 1.47 -2.36 —5.67 0.95
Girls* 0.07 —2.37 2.51 0.70 -1.90 331 0.40 —2.24 3.04
P interaction term* 0.06 0.23 0.19

Models adjusted for mother’s age, mother’s education,

*Bold font indicates p-value of interaction <0.10.

Table 4

SES, calcium intake (concurrent), added salt, gestational age, birth weight (z score), sex, breastfeeding practices.
*Beta coefficients are presented for model with the interaction term sex*fluoride intake (3rd trimester), adjusted for mother's age, mother's education, SES, calcium
intake (concurrent), added salt, gestational age, birth weight (z score), breastfeeding practices.

Adjusted associations estimated from longitudinal mixed effects linear regression models of 0.5 mg/day fluoride intake in pregnancy and Bayley-IIl domains (12 and 24
months) with the effect modification of sex.

Fluoride intake (mg/d) Cognitive Language Motor
B 95 % CI B 95 % CI B 95 % CI
Trimester 2 Boys -1.72 —4.00 0.55 —0.34 —3.02 233 —2.01 —4.31 0.28
(n= 64)* Gitls 0.24 —2.30 2.78 —2.32 —5.31 0.67 —0.41 —2.94 213
P interaction term 0.24 0.31 0.34
Trimester 3 Boys —-3.10 —5.67 —0.53 —1.84 —4.67 1.00 -1.70 —4.60 1.20
(n=91) Girls —0.28 —2.26 1.70 0.10 —2.09 229 —0.16 —2.39 2.06
P interaction term 0.07 0.26 0.38
Averaged Boys —3.46 —6.23 —0.70 —0.81 —3.650 2,03 —2.12 —5.00 0.76
(n=103) Girls —0.33 —2.53 1.88 —0.67 —2.95 1.61 —0.51 —2.80 1.78
P interaction term 0.08 0.94 0.40

Models adjusted for Mother’s: age, education, SES, calcium intake (concurrent); Infant’s: gestational age and birth weight (z score), breastfeeding practices.

Interaction: Sex (reference is boys) x Fluoride intake (mg/d), bolds indicates p-values <0.05.

# Sample for 2nd trimester may consist of a woman whosc child was asscssed at once (n = 6) or both timc points (n = 58).

b Sample for 3rd trimester may consist of a woman whose child was assessed at one (n = 33) or both time points (n = 58).
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