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The objective of this study was to evaluate the association between in urero exposure to fluoride (F) and 
Mental and Psychomotor Development (MOl and PDI) evaluated through the ßayley Scale of Infant 
Development [J (B5DI-II) in infants.The sampie included 65 mother-infant pairs. Environmental ex.posure 
to Fwas Quantified in tap and bottled water sampies and Fin maternal urine was the biological ex.posure 
indiGltor; sampies were cOllected du ring the 1st, 2nd and 3rd' trimester of pregnancy. The mean values.of 
F in rap water for the Isr, 2nd and 3rd rrimester were 2.6 ± 1.1 mg/I. 3.1 ± 1.1 mg/I and 3.7 ± 1.0 mgjl 
respectively: above to 80% of the sampies exceeded the reference value of 1.5 mgil (NOM-127-SSA1
1994). Regarding Fin maternal urine, mean va lues were 1.9± 1.0 mg/J. 2.0 ± 1.1 mg/I and 2.7 ± 1.1 mgjl for 
the 1st, 2nd and 3rd trimester respectively. 'lne infants with MOl and 1'01 scores less ,than 85 points were 
38.5% and 20.9% respectively. After adjusting for potential confounding factors (gestational age, age of 
child marginaIization index and type ofwarer for consumprion). the MD ~ showed an inverse association 
with F levels in maternal urine for the firsr (ß =-19.05. P =0.04) and second trimester (ß =- 19.34. 
P~ 0.01). Our d.1ta suggests that cognitive .1lrer.1tions in children born from exposed mothers to F could 
start in early prenatal stages of hfe. 

© 2017 Published by Elsevier B.V. 

1. Introduction 

Fluorides are naturally-occurring components in rocks and soil 
aod are also found in air, water. plants. and animals. The general 
population is exposed to fluoride (F) throllgh the consumption of 
drinking water. foodstuff. and dental products. Populations living 
in areas with naturally high F levels in water and soil may be 
exposed to high levels of F in water. especially if drinking water is 
provi ded from wells (ATSDR, 2003; Vineer Dhar1. 2009). In the 
central and north areas of Mexico there are groundwater with 
elevated levels of F (Ortega-Guerrero, 2009). In this areas, almost 
90% of the population has the practice of use tap water for food 
preparation and direct consumption as drinking wate.r Uarquin

• Corresponding aurhor at: Deparramenro de Farmacia. Division de Ciencias 
NaruraJes y Exaetas. Universidad de Guarujuato Noria Alta S/N. c.P. 36050 
Guanajuaro. Guanajuaro. Mexico. 

E-mail address:drochaJ@ugta.mx (0.0. Rocha-Amador). 

hCf p::; dX.doi.OISi 10.1016ij.neuro.2016.12. 0 11 
0161-813Xj© 2017 Published by Elsevier BV. 

Yanez et al., 2015). The bioavailability of F through ingestion 80
100% (ATSDR. 2003). 

Epidemiological research conducted in sch.ool age children 
living in endemie hydrofluorosis areas have evaluated the 
influence of exposure of F on cognitive development assessed as 
intelligence quotient scores (lQ). Different intelligence tests have 
been llSed (RAVEN-Chinese version, Wechsler lntelligence Scales, 
Stanford-Binet Intelligence Scale) and have reported lower lQ 
points associated with Fexposure at concentrations of 
2.20-3.94 mg/I compared with residents from control areas 
(concentrations of F in water <0.41 mg/l) . The lack of biomarkers 
of exposure and control of potential confounders is an issue that 
has to be considered in these studies (Karimzade et al.. 2014; 
Trivedi et al.. 2012). Other weil conducted research papers also 
reported that F decreases IQ scores (Ding et aL. 2011; 
Rocha-Amador et al.. 2007). 

Cognitive development alterations associated with Fexposure 
could start in early prenatal stages of life and come up later at 
school age; and likely continue into adlllthood. Few studies have 
explored this hypothesis and the evidence is inco.nclusive. For 
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example, Chinese newborns; scored lower in the Standard 
Neonatal Behavioral Neurological Assessment (NBNA) test in the 
high exposure group (F in urine 3.58 ± 1.47) compared with the 
control group (1.74 ± 0.96 mg/I ); 36.48 ± 1.09 vs 38.28 ± 1.10, 
p < 0.05, respectively (Li et al. , 2008). Another study in aborted 
fetuses of mothers living in an endemic hydrofluorosis area 
(4.3 ± 2.9 mg/I ofF in urine) reported changes in neurotransmitters 
eompared with levels of aborted fetuses of mothers Iiving in non
endemie areas (F in urine 1.67 ± 0.8 mg/I) (Yu et al.. 2008). 
Regarding experimental studies, data shows that F aeeumulates in 
the brain , specifically in the hippocampus : a region aS50ciated with 
memol)l, attention and learning (Shivarajashankara et al., 2001: 
Bhatnagar et 21. , 2006; Basha et a1.. 2011). About gestational 
exposure, some experimental studies, indicated that Falters 
learning and memory (Mullenixet al.,1995; Bera er al., 2007; Basha 
et al.. 2011). 

In endemic hydrofluorosis areas millions of people consume 
contaminated water daily, including pregnant women and there is 
evidence that support the F capacity to cross the placental and the 
blood-brain baITiers and accumulate in critical areas of the brain 
reJated to cognitive development. The objective of this research 
was to evaluate the influence of in utero exposure to Fin Mexicans 
infants born from mothers living in endemic hydrofluorosis areas 
on the Mental and Psychomotor Development (MOl and POl) 
through the Bayley Scale of Infant Development 11 (BSDI-lI ). 

2. Methodology 

2.1. Participants and recruitment 

Authorizations from the authorities of the Ministl)l of Health 
(SSA) of the selected municipalities included for the study were 
obtained. The project protocol was conducted in accordance with 
the Declaration of Helsinki and was approved by the bioethics 
committees of the SSA from the municipalities. Follow up was 
conducted in pregnant women recruited from 2013 to 2014 who 
received prenatal care in health centers located in Durango City 
and Lagos de Moreno. Jalisco. Mexico. Both are endemic hydro
fluorosis areas (Hurtado-Jimenez and Gardea-Torresdey. 2005: 
Roch2-Amador et al., 2007). Inclusion criteria were: $ 12 weeks of 
gestation, with no histol)l of thyroid disease, without clinically 
diagnosed diabetes. and a minimum 5 years of residence in the 
studyarea; 182 potential participanrs were identified. Each woman 
was visited at horne to explain the objective of the study, the risks 
and the benefits of their participation. A written informed consent 
was obtained from those who agree to participate (n = 90) and 65 
women approved the participation of their infants in the 
neuropsychological evaluation. Water and urine sampIes were 
obtained at three periods through pregnancy; 1st trimester 
(between the 8 to 12 week), 2nd trimester (between the 24 to 
28 week) and the 3rd trimester (after the 30 week); 65,46 and 29 
women provided water and urine sampies for the 1 sr. 2nd and 3rd 
trimesters, respectively. 

2.2. Maternal interviews 

In the 1st trimester of pregnancy a questionnaire was applied to 
obtain information about sociodemographic, prenatal histol)l, 
mother's health status before pregnancy (use of drugs, vaccines. 
diseases, etc.) and the type of water for drinking and cooking. The 
marginalization index (MI) was obtained from the National 
Population Council (CONAPO). The mother's address was geo
graphically referenced to identify the basic geostatistical area 
(AGEB ) to which she belonged. The marginalization index 
integrates information from educationallevel variables to health 
services and social assistance, living and deceased children, 

housing conditions, number of rooms and bedrooms, type of 
floor, toilet, and availability of goods. Two additional surveys were 
applied during the 2nd and 3rd trimester of pregnancy to get 
information about the mother's health, pregnancy evolution and 
sources of wateT consumption. 

2.3. Fluoride exposure assessment 

Tap and bottled water sampies were coJlected at participant's 
home. First moming voided urine sampies were collected in plastic 
bottles at each trimester of pregnancy (as described in participants 
and recruitment). All sampies were kept refrigerated at -4 °C until 
processed. 

Fluoride in water (FW) was quantified by adding a TISAB buffer 
to the sampies just prior to the analysis with a specific ion sensitive 
electrode. As an internal quality control, primal)l standard 
reference material "Fluoride standard solution" (NIST SRM 3183; 
National Institute ofStandards and Technology, Uni ted States) was 
analyzed. The accuracy was 98 ± 3%. F in matemal urine (FU) was 
analyzed according to the method 8308 (Fluoride in urine) from 
the National Institute of Occupational Safety and Health (NIOSH, 
1984). As quality control "Urine Control Lyophilized for Trace 
Elements" ClinChek;l<' of Iristech Co was analyzed. The accuracy 
was 97 ±6%. The F urine levels were corrected by specific gravity 
and were reported as mg!1 (AI HA, 2004). 

2.4. Maternal interview about child's health 

A survey was conducted to get information about childbirth 
(type ofbirth. week ofbirth. weight and length at birth, Apgar and 
health conditions of the baby during the first month of life). This 
information was corroborated with the birth certificate. The 
gestational age of the babies was calculated and classified into 
three categories: immature (21-27 weeks of gestation and birth 
weight <1.0 kg); preterm (28-37 weeks of gestation and birth 
weight between 1.0 to 2.5 kg); and term (37-41 weeks and birth 
weight >2.5 kg) according to the Official Mexican Norm 007 (NOM
007-SSA2-1993). 

2.5. Neurodevelopmental and behavioml evaluation in young children 

Neurodevelopment was assessed with the Bayley Scales of 
Infant Development 11 (8SOI-II) (ßayJey, 1993). This test has good 
reliability and validity: it is applied to evaluate developmental 
delay in children between 3 months to 5 years in Mexico by the SSA 
(CNPSS. 2013). The Mental Development Index scale (MOl) ofthe 
Bayley test evaluate aspects of functioning such as eye-hand 
coordination, manipulation. understanding of object relation. 
imitation and early language development whereas the Psycho
motor Development Index (POl) scale assesses gross motor 
development. A trained psychologist who was blinded about 
mother's Fexposure evaluated the infants at the participant's 
home; the application lasted 30-45 min. All young children were 
healthy at the time of the test application and accompanied by the 
mother. The raw scores of MOl and POl were standardized by age 
with an average of 100 and a standard deviation of 15. To 
standardize the raw scores for children who were born prema
turely. the number of months of prematurity was subtracted from 
their chronological age. The scores below 85 points indicated a 
possible developmental delay. 

2.6. Swtistical analysis 

The sampie size was calculated with data from a previous study 
of decreased IQand F exposure in school age children.ln this study 
near to 60% of the children consumed contaminated water and the 
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revalence of children with IQ below 90 points was 25% in the 
control group (F urine 1.5 creatinine) in comparison with the 
58% of children in the group (I' urine >5 mg/g creatinine) 
(OR =4.1, CI 95% 13-13.2) (dara unpublished). A meta-analysis ofF 
and children's intelligence also a similar OR (Tang er aL, 

two-side confidence level and power were 95% and 80% 
respectively. The method followed was the X-Sectional, Cohort. 8< 
Randomized Clinieal Trials. The final sampie was 86, in our 
90 warnen to in the pregnancy follow up. The 

first we examincd the univariate 
(mean, standard deviation, and proportions) characteristics of 

materna) and child factors. The variables, concen
tration ofF in tap water, F in bottled water and F in maternal urine 
were and as geometrie mean and 
standard error. Normality, and 
tion were sarisfied for MOl and POl scores and were modeled as 
continuous variables. For qualitative variables, frequency and 
percentage (education, marital status, occuparion, parity, type of 
water used for drin king or are reported. F levels in tap 
water, bottled water and maternal urine ac ross trimesters were 
compared with paired [~test (1st and 2nd, 2nd and 3rd aod 1 st and 
3rd). The between education, occupation aod marital 
status of the mother, the type of water for and food 
preparatioo, (hild sex, type of birth, birth weight, 
number of antenatal care visits and MD! and POl scores were 

using bivariate tests as (correlarions, t-student, 
ANOVA). Previous to run multi variable regression linear models we 

betwecn the dependent variables (MOl 
or POl)and rhe F in matemal urineexposure byeach trimesterwith 
the curve method to find the best-fit Une. Also. 
were conducted as a visual rool between the F 
exposure-outcome. To examine the assodation between BSlD 11 
scores and maternal Fexposure, we performed separate 

regression linear models (MRLM) for MOl and PDI by the 
1st and 2nd trimesters of pregnancy. All models were adjusted for 
the silme set of covariates (gestational age, children age, MI and 
type of water) even if they were not in the 
bivariate Finally, we reported two MRLM induding only 
children wirh data of F in matemal urine for bath the 1 st and the 
2nd trimester stepwise method was used to seleet the 
best~fit model. To assess the model. residual was 
performed. All statistical analysis was performed with SPSS 20 
(SPSS [ne., Chicago, IL. USA) the shmificance level was set ar 
p< 0.05. 

3. ResuJ~ 

Table 1 shows the comoarison of general characteristics of the 
iicipants in the biological monitor~ 

ro their child's 
was 22.4 ± 4,0, in 

education 41.5% of the had completed school. 
marital status, 69.7% of the partiClpants were married. 

70.7% of the being housewives, and for 44.6% 
of the oarticioants it was their first birth. About marginalization 

were cJassified in the mid-leveL Almost 
ICtU'In;"nt< reported tap water far and 56.6% 

use tap water for prepare food (data not shown). No statistieal 
significant differences (p >0.05) in education level. marital status. 
occupation, parity. MI or type of drinking water were observed 
between pregnanr women whose chi/dren in the 
study and those whowere did not oarticioate in the 
logical evaluation (n =25). 

Table 2 shows information abaut F levels in tap water, The 
values ramred from 0.5 to 12.5 ml1:/I, 81.5%, 86.7% and 92.2% of 

Table 1 
Comparison of general charactNistics bctwcen the prcgnant women who 
consented to their children's cognilive evahjation and participants that only 
participated in the biological 

Age' 
Years 22.0±4.0 

:15-30) 
20,7:1:5.0 
(20-28) 

0.09 

Educationd 

Illiterare 
Incomplete elemenr;,ry 
school 
Elementary school 
High school 

10.7 (7) 
12.3 (8) 
16.9 (11) 
41.5 (27) 
18.4 (12) 

]2,0(3) 
4.0 (1) 
8.0 (2) 
44.0 (11) 
32.0 (8) 

0.13 

Marital starusd 

Married 
Single 

69.7 (45) 
30.2 (20) 

80.0 (20) 
20.0(5) 

0,72 

Occupationd 

Housewifc 
Works 
Student 
Seareh works 

70.8 (45) 
23.1 
6.1 

44,0 (11) 
32.0 
&'0 
15,0 (4) 

0,72 

Parit)'" 
First pregnancy 44.6 (29) 54.0 (16) 0.76 

Drinking watet! 
llottled water 
Tap water 

64.6 (43) 
33.8 (22) 

48.0 (12) 

52,0 (13) 
0.20 

Coolcing watet! 
Bortled water 
Tap Water 

33.8 (22) 
66.1 (43) 

16.0 (4) 
84.0 (21) 

0,46 

MarginaHzation index" 
Very high 
High 
Medium 
1.ow 
Very Low 

12.3 (8) 
52.3 (34) 

24.6 (\6) 
10.8 (7) 

12.0 (3) 
48.0 (12) 
28.0 (7) 
12.0 (3) 

0.90 

'Continuous variables were compared throllgh HesL 
"Utegorical variables wero analyzed by chi-square test. 
cArithmetic mei!n ±standard deviation (minimun-lThlximun). 
"Percentage (n). 

Table 2 
Fluoride ronrentration (water. bottled and urine) by trimester of pregnancy. 

F mnrentration (mg/I) GM±SP (min- max,) 
Trimester 

Tap watEr %,,;NOMl27' 
First 2.6±1.1 (0.5-10.8) 81.5 
Serond 3.1 ±1.1 (0,7 86,7 

Third 3.7±1.0 (0.6 92.2 
Bottled Water 

First 23 1.1 (0,01 52.0 
Second 2,0 1.1 (0.02 - 50.0 
Third 2,9 1.0 (0,02-7.9) 66.7 

Urine%>Ü.65' 
First 1.9 ± 1.0 (0.16··4,9) 96,0 
Second 2.0:t Ll (0.7 ~ 6.0) 100.0 
Third 2.7 LI" (L3-8.2) 100.0 

'NOM-!27-SSA1-1994 (1.5 mg/I); bNOM-041-SSAH993 (0.7 mg/I): '0,65 mg/llevel 
in pregnam wornen determined by ion sele<tive eleerrode (Opydo-Szymaczek aod 
Borysewicz~l.ewicka, 200Sb): 1st trimester 0"65: 2nd trimester n"46; 3rd 
trimester n~ 29: ' Geometrie mean ± sLmdard error; •• Differences were observed 
with the 1st, 2nd vs the 3rd rrimester (p~O.o04 and p~O.009 respt:Ctively trought 
paired r test; n =29), 

in each trimester exceeded the NOM-127-SSAl-1994 
No statistically differences were observed 

between trimesters ( Ist vs 2nd p = 035: Ist vs 3rd [) = 0.28 and 2nd 

http:Urine%>�.65
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vs 3rd p =0.79). Regarding bortled water 52.0%. 50.0% and 66.7% of 
sampies in each of the trimesters exceeded the NOM-041-SSA1
1993 (0.7 mg/I). The mean concentration of F in the urine of the 
mothers was 1.9 ± 1.0 mg/l (0.16-4.9 mg/I) for the 1st trimester. 
2.0:±: 1.1 mg/I (0.7-6.0mg/l) for the 2nd and 2.7 ± 1.1 mg/I (1.3
8.2 mg/I) for the 3rd trimester. There is not a biological exposure 
index for F in urine in pregnant women. However. we compared 
our data with the mean value of F in urine (0.65 mg/I) of pregnant 
women residents in areas with low levels of F in drinking water 
(0.4-0.8 mg/I) and 96% to 100% of the sam pies for the three 
trimesters exceeded this value (Opydo-Szymaczek and Boryse
wicz-Lewicka. 2005). No statistically significant differences were 
observed between the levels of F in urine of the mother between 
the 1st and the 2nd trimester (p > 0.05~ Only ditTerences were 
observed with the 1st. 2nd vs the 3rd trimester (p = 0.004 and 
p = 0.009 respectively; n =29~ NevertheJess. when we cOffelate Fin 
urine levels into trimesters we found a relationship between the 
1st and 2nd trimester r=0.40, p=0.05 (n=46) and 2nd and 3rd 
r=0.37. p=0.05 (n=29). 

In Table 3 pregnancy and childbirth characteristics are listed. 
The average age of children assessed was 8 months (3-15 months) 
and almost 70% were girls. Only 66.2% of the babies were at term. 
From this 662% were born vaginatly and weighed and measured on 

Table 3 
Characteristics or pregnancy. childbirth and development indices or inrant 
evaluated. 

Variable 

%(n) 
Gender 
Male 30.7 (20) 
Female 692 (45 ) 

Gestarional age (NOM 007)"' 

Immature 

Premature 33.8 (22 ) 

Term 66.2 (43) 


Type or delivery 

Vaginal 66.2 (43) 

Caesarean section 33.8 (22) 


Feed ing rype 

Breast Feeding 923 (60) 

Formula 7.6 (5) 


K ±SDd 

(min-=) 
Birth weight (kg) 3.1 ±0.5 

(1.8 -4.0) 

Size at birth (an) 	 50.0±6.0 
(27.0 - 54.0) 

Number oF antenat.ll care visits 	 &.0±3.0 
(4.0-20.0) 

MDID 	 9"L6 ± 143 
(60.0 - 135.0) 

MOl' %S85 38.5 
MOl%?1l5 11.9 
PDlb 90.9± 13.5 

(54.0 -131.0) 

PDlc :t S 85 20.9 
PDI% ~ 115 6.0 

'NOM007 Immature (21-27 weeks. weight?1.0kg: Premature 28-37 weeks 

gestation weight between 1.001 ro 2.5 kg): term 37-41 weeks gestarion. weight 

:? 2.5 kgt 

bRererence val ue 100 ± 15. 

cPossible developmental delay (n = 65). 

dArithmeric mean ± standard deviation. 


average 3.1 ± 0.5 kg and 50 ± 6.0 cm. respectively. We found higher 
levels of F in urine across trimester in premature compared with 
full term 2.4 vs 1.6mg/l (1st); 2.3 vs 1.8 mg/I (2nd); and 4.1 vs 
2.8mg/l (3rd) (data not shown). Ouring pregnancy, women 
reported having an average of 8 prenatal control visits and 
92.3% reported that they breastfed their children (with a duration 
between 3 to 7 months)_ Regarding, BSID-1I the mean of MOl score 
was 91.6 ± 14.3 (ranged from 60 to 135 points). the normal range of 
MOl is between 85 to 115,38.5% of the newborns scored below 85 
while 11.9% scored above 115. Regarding POl. the average was 
90.9 ± 13.5 (ranged from 54 to 131 poi nts). The proportion of 
infants scored less than 85 was 20.9% and 6% scored over 115 
points. 

Table 4 shows results of MRLM between F in urine and MD! and 
POL After adjusting for potential confounders. an inverse associa
tion was observed between levels of F in urine in the 1 st and 2nd 
trimesters with MOl scores (ß=-19.05; p=O.04; ß=-19.35; 
p= 0.013 respectively). No differences in general characteristics 
and F in urine levels (2.2 vs 2.1 mg/l. p=0.47) were observed 
between the 46 women who provided environmental and 
biological sampies in the 1st and 2nd trimester with the 19 
women who do not provided sampies for the 2nd trimester (data 
no shown). 

4. Discussion 

The objective ofthis research was to evaluate the influence of in 
utero exposure to F on Mental and Psychomotor Development 
evaluated through the BSDI II in Mexican children born from 
mothers Iiving in endemie hydrofluorosis areas. The proportion of 
children with values of MOl less than minus one standard 
deviation (SO) was 38.5%: scores under 85 points are considered 
as an indicator of possible developmental delay. This test evaluates 
psychological processes such as attention. memory. sensory 
processing. exploration and manipulation. and concept formation 
(Bayley, 1993). F in maternal urine (log lO) for the 1 st and the 2nd 
trimester were negatively associated with MOl (ß = -19.05; 

Table4 
Multiple Regression IJnear Models oF MDI and maternal fluoride exposure after 
adjustments ror gestational age. age of child. marginality index and rype or drinking 
water (1" Jnd 2nd trimester). 

1" trimester ß Standard error Standard ß p 
(Constant) 95.9 33 0.00 
Maternal exposure to F' -15.8 9.07 -0.27 0.08 
Adjusted Model 
(Constant) 46.1 1936 0.022 
Gest<ltional age b - 10.0 6.59 -0.23 0.13 
Age oF child 0.55 0.76 0.11 0.47 
Marginality index 1.5 2.49 0.09 0.54 
Type oF drinking w.Her C -133 5.4 0.38 0.02 
Maternal exposure to F' -19.05 8.9 -0.32 0.04 

2nd trimester ß Standard error Standard ß p 
(Constant) 97.0 3.1 0.00 
Maternal exposure to F' -18.1 7.6 -034 0.02 
Adjusted Model 
(Const.mt) 4731 1831 0.014 
Gestational age b -10.51 6.23 -0.24 0.1 
Age or child 0.57 0.73 0.11 0.43 
Marginali ty index 2.22 235 0.14 035 
Type or drinking water C -11.39 4.88 034 0.025 
Maternal exposure to F' - 19.34 7,46 ·-0.36 0.013 

'Log oF F in urine. 

br.es t<lrion~1 age was coded Iike 1= rerm. 2 =pret~rm and 3: immature. 

'Type of drinking water was coded Iike 1 =bottled and 2=tap; 1st trimester: 

R = 0.25; 1f =0.07 : 1st trimester adjusted model : R = 0.50: 1f =0.25: Durbin

Watson =2.2, p=0.05: 2nd trimester: R=O.34: 1f=0.11; 2nd trimester adjusted 

model: R=0.53: lf=0.28; Durbin-Warson= 1.88. p=0.02: n=46 ror boch MLRM. 
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p = 0.04; ß=-19.34; P = 0.01, respectively) and the R-squared was 
24%. These coefficients indicate that for every additional F in 
maternal urine (loglO ) we can expect MOl to decrease by an average 
of 19.5 scores. In previous studies conducted by our group we 
reported similar results between F levels in urine in school age 
children and [Q scores (R2 =25%: ß=-16.9: p=0.05) (Rocha
Amador et al., 2007). [n the present study the highest value 
quantified of F in maternal urine was 8.2 mg/I for the 3rd trimester; 
in other endemie hydrofluorosis areas of Mexico it is possible that 
women have similar levels of F in urine. lt is particularly important 
because critical periods of development are most likely to occur in 
utero, the development of the CNS begins in the third week of 
gestation and continues maturation inta adolescence (Selevan 
et al.. 2000); thus Fexposure in utero could possible explain the 
cognitive alterations observed in school age chi/d ren chronically 
exposed to this element (Rocha-Amador et al., 2007: Poureslami 
et aI., 2011). So me authors mention that attention. memory and 
visuospatial organization could be impacted by Fexposure 
(Calder6n et al., 2003; ]iang et al., 2014) and recent reports have 
Iinked Fexposure to attention problems and hyperactivity in 
adolescents (Malin and Till, 2015). 

The BSID-I1 has been used in other risk settings to test pesticides 
exposure or low socioeconomic status contribution to children 
cognitive development (Eskenazi er al.. 2006: Kolobe 2004). [n this 
stud, we did not find any differences between MOl and MI 
(p> 0.05). nevertheless this variable was included in the final 
models. Regarding PO[ and F in maternal urine we did not find any 
association with F in urine in the 1 st and 2nd trimesters before and 
after performing multivariable modeling (1 st ß = 6.28, P = 0.48: 
2nd ß = 5.33, P= 0.48, respectively) (data not shown). 

Regarding F levels in tap water mean concentrations for each 
trimester were: 2.6 ± 1.1 mgJI. 3.1 ±1.1 mgJI and 3.7 ± 1.0 mg/I 
respectively. It is worthy to note that over 81.5% of the sampies 
of tap water were above 1.5 mgJI (NOM-127- SSAl-1994) with the 
highest value of 12.5 mg/I. These higher values are consistent with 
reports of F in groundwater in the study sites (Hurtado-]imenez 
and Gardea-Torresdey, 2005; Rocha-Amador et al., 2007). About 
maternal exposure to F, the data indicate that over96.0% had levels 
of F in urine above 0.65 mg/I (reported in pregnant women exposed 
to low [evels of F in water; Opydo- Szymaczek and Borysewicz
Lewicka, 2005) in the 1st trimester, while in the 2nd and 3rd 
trimester were 100% and 100% respectively. The F levels in urine 
were similar as expected in endemic hydrofluorosis areas (F in 
water 1.7-6.0 mgfl; F in urine 3.58 ± 1.47 mg/I) (Li et al., 2008). 
Comparing the average va lues of F in urine by each trimester, we 
noted that the first tvvo trimesters remained constant (1.9 ± 1.0 mg/ 
I vs 2.0 ± 1.1 mg/I). except for the 3rd trimester the average values 
were 1.5 times higher (2.7 ± 1.1 mg/I). So me authors mention that 
metabolism of F change with gestation, decreasing the absorption 
of F in caJcified tissues and decreasing fetal bone calcification at the 
end of pregnancy (Opydo- Szymaczek and Borysewicz-Lewicka, 
2005). [t is possible that the observed increment in F in urine for 
the 3rd trimester could be explained by this mechanism. However, 
we only get sam pies for 41.5% of participants. [n our study 92.3% of 
women reported breastfeed their babies and Fis poor[y transferred 
from plasma to milk (Ekstrand et al.. 1981). However. it is 
remarkable that 33.8% of women reported drink tap water and 
78.4% use it for cooking. The practice of use tap water for drink or 
cooking is crucial because exposure to F could be increased when 
the infant change to bottle feeding and starts solid foods. 
Regarding, bottled water it is important to mention that we have 
analyzed several brands of this water and 65% of the sam pIes 
exceeded the 0.7 mg/I value (NOM-041-SSAl-1993) and 22.9% had 
values over 1.5 mg/l (NOM-I27-SSAI-1994) data not shown. 

[n our study, 33.8% of children were born premature i.e. 
between weeks 28-36 and had a birth weight lower than 2.5 kg. 

l-


The incidence of prematurity according to the National Institute 
of PerinatoJogy is 19.7%. The Wor[d Health Organization (WHO) in 
Mexico reported a rate of7.3 cases per 100 births (Zamudio et aL, 
2013); compared with 33.8% 01' cases per 100 births that we 
observed in our study. We have 26.5% more cases than expected. A 
study conducted in and endemic hydrofluorosis area (F water 
levels on average 4.7 mg/I) reported 25.9% of newborns weighing 
less than 2.5 kg compared with 6.9% in the control area (F water 
<0.009 mg/I). A risk of 1.99 (95% CI 1.3-3.67) of having babies with 
low birth weight (Oiouf et aL, 2012). None of the mothers 
involved in this research, reported drink alcohol or smoke during 
pregnancy: thus the high proportion of low birth weight babies is 
not explained by these factors. Another fact that stands out, is the 
high proportion of girls bom in the cohort (69.2%) compared to 
the 51.2% reported by CONAPO for Mexican population. [n the 
present study we did not find differences between gender 
(p>0.05). 

This study has so me limitations including the small sampie size 
of evaluated children, the low participation to provide biological 
and environmental sampies in the last trimester and it was 
conducted in residents from endemie areas. However, in Mexico F 
in water remains as the main source of Fexposure. In endemic 
hydrofuorosis areas of Mexico only non-f1uorinated salt is 
distributed according to the NOM-040-SSAl-1993. 

5. Conclusion 

Oue the importance of cognitive development in chilclren and 
the amount of people (millions) exposed daily; more studies need 
to be conducted to support the in wero exposure of Fand effects in 
young children. Considering previous data supporting the poten
tial neurotoxicity of F in school-age children, preventive measures 
in affected communities should be implemented (communication 
programs. treatments water methods and a continuous monitaring 
to guarantee water quality) to decrease the F intake through 
drin king water along with an ear[y intervention cognitive program 
in infants who are at risk of developmenta[ de[ay or disabilities. 
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