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OBJECTIVE Toexamine the association between fluoride exposure during pregnancy and
1Q scores in a prospective birth cohort.

DESIGN, SETTING, AND PARTICIPANTS This prospective, multicenter birth cohort study used
information from the Maternal-Infant Research on Environmental Chemicals cohort. Children
were born between 2008 and 2012; 41% lived in communities supplied with fluoridated
municipal water. The study sample included 601 mother-child pairs recruited from 6 major
cities in Canada; children were between ages 3 and 4 years at testing. Data were analyzed
between March 2017 and January 2019.

EXPOSURES Maternal urinary fluoride (MUFs.), adjusted for specific gravity and averaged
across 3 trimesters available for 512 pregnant women, as well as self-reported maternal daily
fluoride intake from water and beverage consumption available for 400 pregnant women.

MAIN OUTCOMES AND MEASURES Children's |Q was assessed at ages 3 to 4 years using the
Wechsler Primary and Preschool Scale of Intelligence-IIl. Multiple linear regression analyses
were used to examine covariate-adjusted associations between each fluoride exposure
measure and |Q score.

RESULTS Of 512 mother-child pairs, the mean (SD) age for enrollment for mothers was
32.3(5.1) years, 463 (90%) were white, and 264 children (52%) were female. Data on

MUF ¢, concentrations, |Q scores, and complete covariates were available for 512
mother-child pairs; data on maternal fluoride intake and children's |Q were available for

400 of 601 mother-child pairs. Women living in areas with fluoridated tap water (n = 141)
compared with nonfluoridated water (n = 228) had significantly higher mean (SD) MUF¢¢
concentrations (0.69 [0.42] mg/L vs 0.40 [0.27] mg/L; P = .001; to convert to millimoles

per liter, multiply by 0.05263) and fluoride intake levels (0.93 [0.43] vs 0.30 [0.26] mg of
fluoride per day; P = .001). Children had mean (SD) Full Scale IQ scores of 107.16 (13.26), range
52-143, with girls showing significantly higher mean (SD) scores than boys: 109.56 (11.96) vs
104.61(14.09); P = .001. There was a significant interaction (P = .02) between child sex and
MUF (6.89; 95% Cl, 0.96-12.82) indicating a differential association between boys and girls.
Al-mg/L increase in MUF. was associated with a 4.49-point lower 1Q score (95% Cl, -8.38
to -0.60) in boys, but there was no statistically significant association with 1Q scores in girls
(B=2.40; 95% Cl, -2.53 to 7.33). A 1-mg higher daily intake of fluoride among pregnant
women was associated with a 3.66 lower |Q score (95% Cl, =716 to -0.14) in boys and girls.

CONCLUSIONS AND RELEVANCE In this study, maternal exposure to higher levels of fluoride
during pregnancy was associated with lower 1Q scores in children aged 3 to 4 years. These

findings indicate the possible need to reduce fluoride intake during pregnancy. .
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eTable 1: Comparison of current sample to other MIREC samples

Participants in the MIREC cohort with:

>$70,000, No. (%)

Variable Live births? | Women with 3 urine Women with <3 urine
samples and child IQ samples and child IQ
scores scores

n 1983 512 70

Mean (SD) age of mother at 322 (5.1) 32.51 (4.46) 3243 (5.29)

enroliment (years)

Caucasian, No. (%) 1651 (85) 463 (90) 56 (80)

Married or Common-law, No. 1890 (95.3) 497 (97) 63 (90)

(%)

Born in Canada, No. (%) 1569 (79) 426 (83) 53 (76)

Maternal Education, No. (%)

High school or less 158 (9) 24 (5) 4 (6)
Some college 100 (5) 17 (3) 5()
College diploma 412 (24) 121 (24) 20 (29)
University degree 1246 (62) 348 (68) 40 (57)

Employed at time of pregnancy, | 1647 (83) 452 (88) 87.0

No. (%)

Net household income 1269 (64) 364 (71) 652

Abbreviations: SD = standard deviation

#from a total of 2001 women who were recruited

Note: Differences between the analytic sample (n=512), live births sample (n=1983), and excluded participants (n=70) were all
considered small (i.e. Cohen’s effect size h of <0.30).
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eTable 2: Sensitivity analyses predicting Full Scale 1Q (FSIQ).

MLR Models N B (SE) of predictor | p 95% CI
Model a 512 [ -4.49 (1.98) .02 |-8.38,-0.60
Model a+lead 504 [ -4.61 (1.98) .02 [-8.50, -0.71
Model A+mercury 456 | -5.13 (2.05) .01 ]-9.16,-1.10
Model a+proa 503 | -4.57 (1.97) .02 |-8.21,-0.50
Model a-arsenic 512 [ -4.44 (1.99) .03 |-8.35,-0.54
Model a+manganese 502 [ -4.55(1.97) .02 |-842,-0.69
Model A+second hand smoke exposure | 512 | -4.18 (1.98) .03 -8.06, -0.30
Model s 510 [ -4.11 (1.92) .03 |-7.89,-0.33
Model ¢ 407 | -4.96 (1.83) .007 | -8.56, -1.36
Model b 369 [ -6.25 (2.70) .02 [-11.56,-0.94

Abbreviations: HOME = Home Observation for Measurement of the Environment; PFOA = perfluorooctanoic acid; MLR = multiple
linear regression; MUF = maternal urinary fluoride

Model » — MUF s coefficient for boys controlling for city, HOME total score, race and maternal level of education with baby sex as an
interaction term

Model g — Model 4 without two boys with FSIQ lower than 60
Model ¢ — MUF coefficient for boys adjusted for creatinine with same covariates as Model

Model p — using water fluoride concentration as a predictor for those women who have MUF values only
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eTable 3. Unadjusted and adjusted effect estimates from linear regression models
of fluoride exposure variables predicting Verbal IQ and Performance IQ scores.

Performance 1Q Verbal IQ
Unadjusted Adjusted Unadjusted Adjusted

Predictor B (95% Cl) B (95% Cl) B (95% CI) B (95% Cl)
MUFss? -5.81" (-9.31, -2.30) -1.24 (-4.88, 2.40) 1.28 (-1.87, 4.43) -1.60 (-4.74, 1.55)

Boys -8.81"(-13.29, -4.32) | -4.63" (-9.01, -0.25)¢ -0.21 (-4.19, 3.77) -2.82 (-6.62, 0.98)°

Girlsb -0.56 (-6.09, 4.97) 4.51 (-1.02, 10.05)¢ 4.78 (-0.14, 9.70) 0.50 (-4.32, 5.33)°
Fluoride -5.75" (-8.74, -2.76) -2.74 (-6.82, 1.34)¢ -0.03 (-2.71, 2.64) -3.08 (-6.40, 0.25)¢
intake®

*p< .05

Abbreviations: MUFsg = maternal urinary fluoride adjusted for specific gravity; HOME = Home Observation for Measurement of the
Environment

2N=507 for P1Q; N=509 for VIQ
® Girls had significantly higher scores on VIQ (p < .001) and PIQ (p = .03) compared with boys
¢N=395 for PIQ; N=399 for VIQ; Missing data due to incomplete questionnaire responses to beverage consumption
dadjusted for city, HOME score, maternal education, race and including child sex interaction
¢ adjusted for HOME score, maternal education, race, child sex, prenatal second-hand smoke exposure, and city
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eTable 4: Unadjusted and adjusted effect estimates from linear regression models
of water fluoride concentration (mg/L) predicting FSIQ scores.

Adjusted estimates®

Unadjusted (FSIQ) Full Scale IQ Performance 1Q Verbal
1Q
Predictor B (95% CI) B (95% ClI) B (95% CI) B (95% CI) |
Water fluoride  [3.49 (-9.04, 2.06) -5.29"(-10.39, - -13.797 (-18.82, -7.28) | 3.37 (-1.50, 8.24)
concentration? 0.19)k

2 N=420

® adjusted for HOME score, maternal education, race, child sex, and prenatal second-hand smoke exposure; because city was strongly
multi-collinear with water fluoride concentration (VIF >20), it was excluded from the model

*p < .05
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