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ABSTRACT

Purpose: The most common source of fluoride is from drinking water. Research comparing
fluoride levels in maternal and cord blood have proved that fluoride crosses the placenta. But
these results have not been correlated with the source of fluoride.

Objective: Firstly, to assess and compare the fluoride concentrations in urine, serum and
cord blood of pregnant women consuming low/optimum and high fluoride concentrations in
drinking water. Secondly, application of the linear regression analysis model equation for the
prediction of fluoride concentration in urine, maternal serum and cord blood of pregnant

women.

Methods: Based on the fluoride concentration in drinking water the subjects were divided
into low/optimum and high fluoride groups. Each group consisted of 90 pregnant women.
They were enrolled approximately one month prior to the due date. Fluoride was measured

in their drinking water, urine, maternal serum, and cord blood.

Results: The low/optimum fluoride concentration in drinking water as compared to urine,
serum and cord blood correlated significantly (r= 0.458, 0.529, 0.473). The strength of the
correlation was found to be high in high fluoride group when compared to low/optimum
fluoride group (r= 0.868, 0.943, 0.695). The B values in urine, maternal serum and cord
blood in low/optimum group was 0.247, 0.025, 0.017 respectively and in high fluoride group
0.773, 0.080, 0.060 respectively.

Conclusion: As the fluoride concentration increases more than 1 ppm in drinking water the
transfer of fluoride through urine, maternal serum and cord blood also increases. Linear

regression analysis also displayed similar results.

Key words: Fluoride, pregnant women, urine, cord blood, linear regression
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Introduction:

Fluoride [F], the inorganic anion of fluorine, is commonly falin the natural environment. It is
highly reactive due to its electronegativity remgtin the formation of organic and inorganic
compounds. The sources of fluoride are naturalcednically synthesized. The natural sources
are volcanic activity, water, food and soil. Cheatlic synthesized sources of fluoride include
water (fluoridated drinking watehottled water, perfluorinated compounds), food|, sor and

dental products like fluoridated toothpastes & rhouses.(1)

The daily intake of fluoride for optimum dental hbabenefits is 0.05 to 0.07 mg/kg body
weight as per the American academy of Pediatric&@hsumption of fluoride in excess over a
long period of time leads to detrimental effecte lskeletal and dental fluorosis. Millions of
people worldwide are affected by fluorosis and thslemic has manifested across all the

continents. (3)

Fluoride prevalence, in India, was reported in 28ricts of 19 States earlier. As per recent
data from Ministry of Drinking Water and Sanitatjothere are 14,132 habitations (as on
1.4.2014) from 19 States which are yet to be pexidith safe drinking water. The population
at risk, based on population in habitations witghhiluoride in drinking water is 11.7 million(4).
The National Programme for Prevention and ContfdFlaorosis (NPPCF) was a new health
initiative during 11th Five Year Plan, initiated 2#008-09 and is being expanded in a phased

manner. 100 districts of 17 States were coverethgurlth Plan, further 11 districts were taken



up during 2013-15 (over 19 States) and additiodah@®w districts are to be taken up during the

remaining period of 12th Plan(5).

Interventions taken by National Health Programs for Maternal Health to control the effects of

fluoride include the promotion of improved supplementarriianal support during pregnancy
and lactation (ICDS), Improved antenatal care duidiong health and nutrition counseling,
Enhanced maternity protection through the effectingplementation of PMMVY (Pradhan
Mantri Matru Vandana Yojanaand increasing awareness regarding harmful effedts

fluoride(6).

Increased fluoride content in drinking water wiluse fluorosis of teeth and bone, toxicity of
fluoride, increased risk of hip fracture among #haerly, renal damage, osteoporosis, decreased
IQ among children, hypothyroidism and cancerfigh levels of serum fluoride damage the
kidney while long term drinking of fluoridated watean be a risk factor in development of type
2 diabetes. Fluoride also appears to be mutagegeootoxic and causes chromosomal

abnormalities.(8)

The supply of nutrients to and the removal of melieds from the fetus is provided by the
placental transport. Literature search suggestspaissage of fluoride across the placenta into the

fetus is existent. Studies indicate transplacgrdaatage of fluoride is about 30% to 87%.(9)

The most common source of fluoride is from drinkimgter. Fluoride content in drinking water
may differ from one region to another. Research ganng fluoride levels in maternal and
umbilical cord venous blood plasma have proved thatide crosses the placenta. But these
results have not been correlated with the sourdriofide. One of the debatable issues could be

as to what extent of fluoride will pass through thlacenta in pregnant women consuming



drinking water with low and high fluoride concerioas. Hence the present study was
undertaken to assess and compare the fluoride wotvatien in urine and serum of pregnant
women just before delivery and cord blood afterivdey in low/optimum and high fluoride

drinking water pregnant women. The linear regresaioalysis model equation for the prediction
of fluoride concentration in urine, maternal serana cord blood of pregnant women consuming

drinking water with fluoride was applied.

M ethodology:

Based on the fluoride concentration in drinking evathe subjects were grouped into
low/optimum fluoride group (fluoride concentrationdrinking water<1 ppm) and high fluoride
group (fluoride concentration in drinking water ppin). The grouping was done in accordance
with the values of fluoride concentration in dringiwater by the Indian bureau of standards(10).
Each group consisted of 90 pregnant women recréited JSS hospital, Mysore. The pregnant
women were enrolled approximately one month prithte due date. The inclusion criteria
comprised of primiparous healthy mothers betweei23 §ears (non-smokers) with singleton
fetus & uneventful full term pregnancy. The exctuscriteria was, women with complications
during pregnancy and pregnant women not willingitee consent for enrolment into the study.
Ethical clearance was obtained from the institwtlogthics committee JSS dental college and
hospital.( Ethical clearance certificate numberSADEC/Ethical/2016-17/1768) Written informed

consent in accordance with the Declaration of lé&lsvas submitted by all the subject.

Fluoride analysis:

The drinking water consumed by women during thes®of their pregnancy was collected. Just

before the delivery serum and urine fluoride lewalshe pregnant women were assessed. Post



delivery cord blood fluoride levels were assess&dstandardized instrument was used to
measure the fluoride levels in line with the AmaricPublic Health Association (APHA)
guidelines. A 10ppm standard fluoride solution @8iml of Total lonic Strength Adjustment
Buffer (TISAB Ill) was used to sensitize the 9609®R fluoride electrode. The electrode was
immersed in the electrolyte solution for 20 minubeore calibration and then the fluoride levels

were assessed.
Data management and statistical analysis:

Data was collated into Microsoft excel sheet. Statal analysis was carried out using SPSS-23
version. Descriptive analysis involved calculatidos mean, standard deviation, frequency and
percentages. Inferential statistics was obtainegr afpplication of unpairedt’ test for
comparison of two independent groups with dataoWithg normal distribution and non
parametric Mann-Whitney test was applied to compave independent groups with data
following skewed distribution. The normality of tliata was tested by Kolmogorov —Smirnov
test and Shapiro Wilk test. Pearson Chi-squarewtest used to compare the frequencies and

percentages. The association between the groupsestasished by Spearman’s correlation test.

For mathematical equation prediction, simple linegyression analysis was performed. To run
the analysis, drinking water fluoride levels of gmant women were used as an independent
variable and urine, maternal serum and cord bldodritle levels were used as dependent
variables. Rwas calculated to assess the level of the varighili dependent variable with

changes in independent variable.



Results;

The descriptive characteristics of the study haeenbsummarized in Table 1. The mean age
group of low/optimum and high fluoride group werg.88(3.57) years and 24.13(3.85) years
respectively. The difference between age groups weis statistically significant. The
socioeconomic status, maternal education, gestéingth, sunlight exposure, birth weight and
length of newborn were also considered. Among thessdoeconomic status and maternal
education showed statistically significant diffezes. The results of the other variables revealed
slight difference but were not statistically sigeéint. The mean & SD of fluoride concentrations
in drinking water of the low/optimum group was Q®@8) and in high fluoride group
2.65(1.29). The fluoride concentration in urineggmant mothers’ blood and cord blood was
0.20, 0.014 and 0.0110 respectively in low/optimgraup and in high fluoride group, it was
1.91, 0.15 and 0.10 respectively. The comparisanedns of fluoride concentrations in drinking
water, urine, pregnant mothers’ blood and cord dIbetween the two groups was found to be

highly significant statistically (p<0.000).

Graph 1 and 2 outline the correlation of low/optimwand high fluoride concentrations in
drinking water with urine, serum of the pregnantnvem and cord blood. The low/optimum
fluoride concentration in drinking water as complate urine, serum and cord blood correlated
significantly (r= 0.458, 0.529, 0.473). The stréngf the correlation was found to be high in

high fluoride group when compared to low/optimunmofide group (r= 0.868, 0.943, 0.695).

Table 2 sums up about the linear association betlaeride concentrations in drinking water
with urine, maternal serum and cord blood. To fid the association, fluoride concentration in

drinking water was used as an independent variaitematernal urine, serum and cord blood



were used as dependent variables. Similar to etiwel in regression th¢ values of

low/optimum fluoride group were found to be low wheompared to high fluoride group. This
indicates that compared to low/optimum group, ighhfluoride group as one unit of fluoride
concentration in drinking water increases, incrdafgoride levels are seen in maternal urine,
serum and cord blood. (y=a+bx where a is constarns, 3, y is dependent variable and x is
independent variable).?Rxplains the degree of variation in passage ofifieothrough maternal

urine, serum and cord blood. The high fluoride grévad 83.7% variability in maternal serum

followed by urine at 70.9%. The urine of low/optim fluoride group had least variability 8.3%

Table 3 describes the overall association betwegrkidg water fluoride and urine, maternal
serum and cord blood fluoride. In this both lowioptm and high fluoride groups data were
combined and regression analysis was performedorfloty to the equation y=a+bx if we
assume one unit increased fluoride levels in dngkiater of pregnant women, we can predict
an increase of 0.614 units of fluoride in uriné4R units in maternal serum and 0.031 units in

cord blood.
Discussion:

The fluoride concentration in pregnant mothersnking water was estimated and then the
subjects were categorized into low/optimum and Higbride groups. The other objective was to
assess fluoride concentration in urine and matesealm before delivery and cord blood after
delivery in both the groups. The final objectivessta compare urinary fluoride and placental
transfer of fluoride in low/optimum and high flude groups. There are very few studies related

to this topic and very minimal efforts have beerdm#o find out the linear relationship between



low/optimum and high fluoride drinking water preghavomen with urine, maternal serum and

placental transfer of fluoride.

The mean fluoride concentration in drinking waterthis study was found to be 0.50(0.28) in
low/optimum group and 2.65(1.29) in high fluorideogp which is higher than both the Indian
standard and the fluoride level suggested by theD/NHng/L). The fact that drinking water was
the source for the risk factors associated with durfluoride exposure was established by
Grinaldo et al (11). An increase in fluoride level® observed in the maternal blood & urine
when the fluoride concentration increases in drigkivater, as indicated by this present study.
This outcome is in line with the studies previousbnducted by Iftekhar Ahmed et al, Lizet

Jarquin-Yanez et al and Christine till et al.(12143

Urine fluoride concentration was 0.20(0.24) in loptimum group and 1.92(1.19) in high
fluoride group. Urinary fluoride levels were signdntly lower among women drinking water
with low/optimum fluoride levels as compared tothiguoride group. Studies by Christine Till
et al, Opydo- Szymaczek and Borysewicz-Lewickajya Devi Goyal et al have exhibited
results similar to this(14,15,16).The same reswise seen in adults and children consuming
high fluoride drinking water(12,13,17). Morning el samples can be a good estimator for
assessing fluoride exposure. For the same purposiie present study, fasting urine were

collected from the pregnant women of both low/optimand high fluoride groups.

The results of this study show lesser transfetunfride through placenta in cases of low fluoride
concentrations in drinking water, and more plademtansfer of fluoride in high fluoride
concentrations in drinking water of pregnant wom®m.inference that can be drawn here is that

the placenta does not act as a complete barrithetpassage of fluoride into the foetus (cord



blood) in both the groups. These results are ctamdisvith studies done by Jopydo-Szymaczek,
M Borysewicz, Iftekhar Ahmed et al (12,15). Theretation values were high in both maternal
serum and cord blood in high fluoride group as careg to low/optimum fluoride group.
Similarly linear association db values was much higher in maternal serum and btydd.
Gupta et al noted that the placenta acted as etiseldarrier when the concentration of fluoride
in the mother's blood exceeded 0.4 ppm (18). Theegeof r and of the present study indicate
that as the fluoride concentration increases in dhaking water of the pregnant women

placental transfer of the fluoride also increases.

Low uterine blood flow at the placental bed leamtotver transplacental transfer due to maternal
age (19). Hence in this study, pregnant womenmilar age were selected for both the groups.
Excess fluoride exposures can lead to deleteriffaste on the expecting mother and fetus and
is associated with adverse pregnancy outcomesreducted by Lajya Devi Goyal et al(16)he
effect of high fluoride on the 1Q levels in childrés still debatable. The long term effects of high
fluoride concentrations in drinking water consunbgdoregnant women on the fetus needs to be
further investigated in future. Documentation of tiesults of the study would aid future health
care workers in dealing accordingly with pregnamtimers from low/high fluoride containing
drinking water regions (20). Hence, the preserdystecommends that necessary documentation

should be done for all the complications associatéal fluoride in pregnant women.

The conclusions of the present study was thateaflubride concentration increases more than 1
ppm in drinking water the transfer of fluoride thgh urine, maternal serum and cord blood also
increases compared to low/optimum levels of flueridLinear regression analysis also showed
similar results Careful review of the scientific literature and sahation with local and national

experts has identified no evidence for adversetineaipacts associated with drinking water

8



fluoride at recommended levels. Dietary guidelirsd®uld be formulated according to the
fluoride present in drinking water. Prevention wiaovative technologies and implementation of
these policies through government to provide safgiohg water and strict follow up should be

done at frequent intervals.
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Graph 1:-The correlation between drinking wateoffide and urine fluoride, maternal serum

fluoride and cord blood fluoride among low/optimuilaoride group pregnant women
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Graph 2:-The correlation between drinking wateoffide and urine fluoride, maternal serum

fluoride and cord blood fluoride among high fl®igroup pregnant women
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FIG: 1 - FLOW DIAGRAM OF THE STUDY PROCEDURE
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Table 1: Descriptive characteristics:-

Variables L ow/optimum High p-value
Age (years) 23.88(3.57) 24.13(3.85) 0.645 NS
n (%) n (%)
Class 1-13(14.4) Class 1-3(3.3)
Classll-26(28.9) Classll-18(20.0) 0.000 HS
Socioeconomic status
Class 1I-31(34.4)]  Class I1I-23(25.6)
Class IV-15(16.7) Class 1V-27(30.0)
Class V-5(5.6) Class V-19(21.1)
llliterate-4(4.4) llliterate-10(11.1)
Primary(1 to 4)- Primary(1 to 4)-
10(11.1) 23(25.6)
Middle(5 to 7)- Middle(5 to 7)- 0.000 HS
Education 16(17.8) 26(28.9)
High school and High school and
PUC-32(35.6) PUC-23(25.6)
Degree and Degree and Diplomat
Diploma-28(31.1) 8(8.9)
Gestation length(weeks) 38.31(1.13) 38.47(0.97) 2DI8S
Gender Male- 47(52.2) Male-44(48.9)
Female- 43(47.8)) Female-46(51.1) 0.766 NS
Birth weight(kgs) 2.69(0.57) 2.60(0.56) 0.274 N




Birth length(cm) 49.24(1.38) 49.14(1.37) 0.599 NS
Drinking water fluoride level ppm 0.50(0.28) 2.639). 0.000 HS
Urine fluoride ppm 0.20(0.24) 1.92(1.19) 0.000 HS
Pregnant mothers blood fluorige 0.014(0.014) 0.153(0.113) 0.000 HE
ppm
Cord blood fluoride ppm 0.011(0.011) 0.11(0.10) 00.B1S




Table 2:-Simplelinear regression analysisfor low/optimum and high fluoride group:-

parameters B 95% R P-value

Constant(intercept confidence
interval for

* 0.082 0.247 0.074 - 0.42( 0.083 0.006

Urine # -0.136 0.773 0.668 — 0.87 0.709 0.000

* 0.002 0.025 0.015 - 0.034 0.246 0.000

Maternal # - 0.058 0.080 0.072 - 0.08 0.837 0.000

serum
* 0.003 0.017 0.010 — 0.024 0.194 0.000
Cord blood | # - 0.051 0.060 0.668 — 0.87] 0.578 0.000

* = low/optimum fluoride group

# 4high fluoride group



Table 3:- Smplelinear regression analysis after combining both low/optimum and high

fluoridegroup :-

parameters | Constant(intercepf) 95% R* P-value
confidence
interval for
urine -0.161 0.775 0.724-0.826 0.834 0.000
Maternal -0.027 0.070 0.066-0.074 0.885 0.000
serum
Cord blood | -0.020 0.051 0.046-0.056 0.686 0.000




