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Abstract: Dental fluorosis affects the quality of life. A cross-sectional, observational study was
conducted in a community affected by endemic fluorosis for several generations with a conserved bi-
ological and social environment. The study included patients from the rural population of Anantapur,
India. The Dean index (DI) and the Thylstrup and Fejerskov Index (TFI) were used for fluorosis clas-
sification. Additionally, water samples were collected for fluoride analysis, taken from the patients’
living areas. The statistical association between the variables was analyzed. In total, 785 patients be-
tween 10 and 60 years old were included in the study (58.7% women and 41.3% men). Fluorosis signs
were found in 94.6% of patients examined using the DI and 94.4% using the TFI. Moderate—severe
dental fluorosis was observed in 62.8% by DI and 73.1% by TFI consuming untreated water with up to
2.9 ppm of fluoride. Furthermore, moderate-severe dental fluorosis was observed in 33.2% by DI and
39.9% by TFI consuming water with <1.5 ppm of fluoride. The high prevalence of moderate-severe
dental fluorosis in patients consuming water with a low fluoride concentration suggests that other
factors are involved. Biological susceptibility change could play an essential role in the severity of
dental fluorosis in populations exposed for several generations, affecting its actual and future quality
of life.

Keywords: oral health; fluorosis; quality of life; fluorosis prevalence

1. Introduction

Organic and inorganic fluorides are present in nature from various sources. Inorganic
fluorides are particularly relevant because of their effect on human health [1,2]. In the crust
of the earth, fluorides are found in different concentrations depending on the geological
environment. In this regard, the World Health Organization (WHO) has identified areas
in the five continents that present high amounts of fluorides [3-5]. Water in its cycle must
pass through the deeper underground layers, being thus affected by natural fluoride pollu-
tion [6]. For this reason, the literature has described the presence of endemic fluorosis in
certain geographic areas whose population uses groundwater for drinking. Human con-
sumption of water constitutes the major mechanism of fluoride incorporation [6]. Exposed
populations in areas of endemic fluorosis have evidenced skeletal and dental fluorosis for
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several generations, due to chronic exposure to high amounts of fluoride. Additionally,
other factors are involved in dental fluorosis including the population’s nutrition, weather
conditions, individual susceptibility, biological response, and genetic influence [7-12].

In India, fluorosis is endemic in at least 20 states [13,14]. The principal source of
drinking water is groundwater for rural populations [15], fluoride concentration levels
varying depending on geographic localization. Although several studies examined the
problem of fluorosis in Indian states [16,17], there is a need for prevalence studies in
specific regions whose populations share the sociocultural environment as well as weather
and geography, in order to generate relevant information about the long-term effects of
the fluoride ingested for several generations. Anantapur is a district whose population
is essentially rural (71.93% according to the 2011 census), making most of their living
from agriculture and consuming groundwater as their main source of drinking water.
Similar to other Indian rural regions, Anantapur (from Andhra Pradesh State, India) has a
complex social structure where factors such as the caste system, interpopulation segregation,
inbreeding, or lack of mobility [16,17] have been observed for several generations and are
still detected, although the Government of India policies have established strategies to
improve these aspects.

The hypothesis was that the chronic intake of a high amount of fluoride for several
generations can alter the biological response and the physical manifestations of dental
fluorosis, in a population whose socio-cultural environment has not experienced significant
changes over time, affecting the actual and future quality of life. The aim of this study is to
describe the prevalence of severe dental fluorosis in patients from a rural community of the
Anantapur district, southwest of the Andhra Pradesh state and its relation to the fluoride
content of the drinking water.

2. Materials and Method
2.1. Study Characteristics, Population, and Ethical Aspects

The study is cross-sectional and observational. The sample for this study was non-
probabilistic and included subjects from 13 rural communities of Anantapur district, state of
Andhra Pradesh, India (Figure 1). The director of the Kalyandurg Hospital and coordinator
of the Rural Development Trust Kalyandurg-Kanekal, who represents the health authority
of the region, authorized the study and participated in the elaboration of the instruments
to obtain the study data. The instruments for collection and management of clinical data
and written informed consents were revised and approved by the Bioethics Committee
of the University of Barcelona (number 3-2011) and performed according to the Helsinki
declaration. The study was conducted during dental care activities of the rural brigades
under the direction of the Kalyandurg Hospital and Vicente Ferrer Foundation. Every year,
oral health professionals perform oral health promotion activities involving prevention,
prophylaxis, and dental treatments when required. The activities are offered to the popula-
tion, but the patient decides voluntarily to receive them. When a patient met the inclusion
criteria, their data were obtained after a detailed verbal explanation of the study process
and objectives (with the help of translators), and written informed consent was solicited.
Patients under 18 years were asked for their consent for the examination and additionally,
written informed consent was solicited from their parents or legal tutors. During the clinical
interview, the patients were asked about the water source they used for drinking. Once this
information was obtained, the oral examination was carried out, including registries of the
fluorosis signs and clinical photography, safeguarding the identity of the patients.
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Figure 1. The 13 rural communities of Anantapur visited by the dental brigades included in the study
(remarked). Images modified from Google Maps.

2.2. Inclusion/Exclusion Criteria

The inclusion criteria were:

Patients of both genders.

Patients born in the rural community of Anantapur.

Patients with at least two teeth in each dental group, without dental destruction due
to caries or trauma (independent of age).

Patients who declared to consume water from untreated sources (groundwater).

The exclusion criteria were:

Patients with orofacial malformations or pathologies that could alter or increase the
difficulty of the examination.

Patients with systemic pathology affecting fluoride metabolism.

Patients without permanent or definitive teeth.

Patients with dental surface wear or stains due to tobacco, betel, or another chewing
habit, impairing an adequate dental examination.

Patients with an excess of bacterial dental plaque or calculus impairing an adequate
dental examination.

Patients requiring urgent dental attention.

Patients who did not answer all the questions and those from whom it was difficult to
obtain valid information.

Patients whose parents or grandparents came from another community outside Anantapur.

2.3. Indices Used for Dental Fluorosis Classifications

For the classification of dental fluorosis, two indices for fluorosis prevalence were

applied to all patients. The Dean index (DI) was used according to WHO guidelines [18].
The DI considers six scores to assess the damage to the tooth surface, from 0 (normal) to 5
(severe). The Thylstrup and Fejerskov Index (TFI) was also used. The TFI uses an ordinal
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scale from 0 to 9, where 9 depicts the most serious effects [19]. Moreover, the TFI offers
a subclassification of the severe form of dental fluorosis. Four examiners were separated
into two teams, assigned by the letters A and B. Team A (two dentists) was calibrated to
use the DI criteria and Team B (two dentists) was calibrated to use the TFI. The calibration
was performed using the agreed-upon criteria by the Forum on Fluoridation 2002 [20] and
relevant literature [18,19]. The Kendall coefficient of concordance (KCC) was used to assess
the interobserver agreement. During the training time, each team applied the DI or TFI for
fluorosis evaluation considering a group of 25 patients. These tests were repeated after 5
and 10 days. The interobserver KCCs of Team A (DI) varied between 0.756 and 0.874 while
Team B (TFI) varied between 0.689 and 0.831. Both teams examined all the patients that
meet the inclusion/exclusion criteria for the study.

2.4. Collection and Analysis of Water Samples

Drinking water samples were taken from the sources available for patients in rural
communities from Anantapur. The source location was obtained from the information
provided by patients during the compilation of general antecedents. Three samples for
each source were taken on different days and stored in sterile polystyrene tubes (50 mL).
The average concentration of fluorides obtained from the three samples was assigned to
the source as a variable. If a community had more than one source, three samples were
taken from each one and the average fluoride concentration was assigned to the rural
community. The analysis of the fluoride content in the samples was conducted in the
laboratory Labaqua Catalunya (Barcelona, Spain), using ion chromatography according to
the parameters for potable waters for public consumption in Spain (R.D. 140/2003).

2.5. Statistical Analysis

First, the fluorosis values considering the DI were dichotomized into “Normal +
Questionable-Very mild-Mild” (Normal + QVM) and “Moderate-Severe” (MS) groups,
while the TFI was also dichotomized into “Normal + 1-3” and “49”. According to equiva-
lency criteria between the DI and TFI accepted in the literature, the DI “Normal+QVM”
group corresponded to TFI 1-3, while the DI “MS” group corresponded to TFI 4-9 [21]. Af-
ter the normality test (with the Kolmogorov-Smirnov test), Mann Whitney U and Kruskal-
Wallis tests (including the Mann Whitney U as the post-hoc test) were applied to compare
independent samples. Additionally, the Pearson Chi-square test, Fisher exact test, and odds
ratio were used to establish the independence or association between dichotomized fluo-
rosis indices with age range, gender, and fluoride concentration in water. Age-range was
divided into six groups (up to 15, 16-25, 26-35, 36—45, 46-55, and over 55 years), while
fluoride concentration levels found in the water samples were divided into two groups
according to the WHO indication about fluoride level in drinking water, where values
<1.5 ppm are considered acceptable and over 1.5 are not [5]. Spearman’s Rank Order
was applied to analyze the correlation between the concentration of fluoride in the water
detected and the percentage of fluorosis MS (DI) and 4-9 (TFI) observed in each community.
SPSS 25 (Chicago, IL, USA) and G*Power Version 3.1.9.6, Heinrich-Heine-Universitét Diis-
seldorf, Diisseldorf, Germany (post-hoc test) were used for statistical analysis. The level of
significance considered was p < 0.05.

3. Results
3.1. General Characteristics of the Studied Population and Water Samples

In total, 1142 patients were examined, of which 785 satisfied all the inclusion criteria,
with 463 women (58.7%) and 322 men (41.3%) from 13 rural communities (Figure 1, Table 1).
The average age was 22.84 for women (SD 12.92) and 24.22 for men (SD 13.14), with no
statistical differences between genders (p = 0.123), showing a high concentration of young
population. However, significant differences were observed in the variable age among
rural communities (p = 0.000). The post-hoc test shows that the communities of Kalyandurg
and Papampalli had the youngest population in the study. Additionally, a significant asso-
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ciation was observed between the variable gender and the variable community (p = 0.002),
indicating a heterogeneous distribution of women and men in the communities included
in the study.

Table 1. Rural population distribution, fluoride quantity in water, and fluorosis index observed
considering the Dean index (DI) and the Thylstrup and Fejerskov index (TFI) N = 785.

Drinkin; Fluoride TFI
& DI Normal
Rural Patients Female Male Age Mean Water Quantity +QVM DIMS Normal + TFI 4-9
Community Included (Range) Sources in Water @ (b) 1-3 (d)
Analyzed (ppm) (©)
Anantapur 55 35 20 (1%)2@50) 1 14 4 14 29 26
Andepalli 23 19 4 (1};5’0) 1 14 9 14 7 16
Atmakur 28 18 10 (126%51) 1 11 23 5 21 7
Beluguppa 21 16 5 (131’5120) 1 13 14 7 11 10
Gangampalli 100 16 54 (1%220) 1 29 13 87 2 98
Golla 46 26 20 (1%]5_"%) 1 15 5 il 4 2
Gubanapalli 10 6 4 (122‘f'g5) 1 19 2 8 2 8
Kalyandurg 233 149 84 (1})9_"30) 2 15 61 172 37 196
Kanekal 75 31 4 (1%8_?5) 1 19 65 10 56 19
Madigubba 25 12 13 (11 35) 1 16 6 19 6 19
Papampalli 98 63 35 (13210) 2 16 10 88 1 97
Ramanepalli 20 10 10 27.5 (16.50) 1 25 0 20 0 20
27.9
Rayadurg 51 32 19 (16.60) 1 14 13 8 35 16

(a) Dean index normal-questionable-very mild-mild; (b) Dean index moderate-severe. (c) Thylstrup and Fejerskov
Index normal plus levels 1, 2, and 3. (d) Thylstrup and Fejerskov Index levels 4-9. For more detail see Section 2.5.

The values of fluoride concentration in waters obtained showed a range from 1.1
to 2.92 ppm (average 1.71, median 1.5). Table 1 shows the patient’s demographic data
concerning this study, the fluoride values observed in drinking water considering each
community studied, and the distribution of fluorosis cases diagnosed considering the
dichotomized DI and TFI indices.

3.2. Dental Fluorosis Prevalence and Association with the Variables Studied

A general prevalence of 94.6% of dental fluorosis was observed by Team A (DI),
while Team B (TFI) detected a 94.4% prevalence. Distribution and clinical aspects of
patients considering fluorosis indices levels are presented in Figure 2. Concerning the
dichotomized indices, a high prevalence of MS cases by DI (62.8%) and 4-9 cases by TFI
(73.1%) were observed, evidencing a predominance of the most severe forms of fluorosis
in the population studied. Additionally, a significant association between fluorosis MS
by DI and 4-9 by TFI with young patients was observed (p value = 0.000). Considering
the fluoride concentration in the drinking water, 54.3% of patients examined with the
DI and 54.5% examined with the TFI showed dental fluorosis consuming water with
<1.5 ppm of fluoride. On the other hand, 33.2% of the patients examined with the DI
showed dental fluorosis MS and 39.9% examined with the TFI showed dental fluorosis 4-9
while consuming water with <1.5 ppm of fluoride. However, a significant association was
observed between patients showing fluorosis MS by DI or 4-9 by TFI with the consumption
of >1.5 ppm of fluoride in drinking water. The odds ratio shows that the patients who
consumed water with > 1.5 ppm of fluoride were 1.81 times more likely to have fluorosis
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MS by DI and were 1.79 times more likely to have fluorosis 4-9 by TFI, compared with
patients who consumed water with <1.5 ppm of fluoride. No association was observed
between the variable gender and the dichotomized level of fluorosis. However, a significant
association was observed between 36—45-year-old women and fluorosis MS by DI, and 4-9
by TFL The odds ratio evidenced that women between 36 and 45 years old were 3.07 times
more likely to have fluorosis MS by DI and 2.83 times more likely to have fluorosis 4-9
by TFI than men. Additionally, the odds ratio showed that the females who consumed
>1.5 fluorides in drinking water were 1.74 times more likely to have fluorosis 4-9 (TFI)
than men. Table 2 presents the association between dichotomized indices and the variables
studied.

O Frecuency of different dental fluorosis levels by DI
0 50 100 150 200 250 300

0. Normal - 42 (5.4%) n= 785
1. Questionable - 51 (6.5%)

O Frecuency of different dental fluorosis levels by TFI
0 50 100 150 200 250 300

0. Normal, traslucent [N 44 (5.6%)
n= 785
1. Narrow white lines [N 51 (5.5%)

2. More pronounced lines of opacity [ §3 (10.6%)

3. Merging and irregular cloudy areas of
opacity I 33 (4.2%)
4. Surface exhibits marked opacity [ 28 (3.6%)

5. Surface displays marked opacity with
focal loss of l. <2 mm in di I— 57 (7.3%)

6. Pits in regular horizontal bands [l 18 (2.3%)

7. Loss of enamel in irregular areas I 150 (22.9%)

involving <1/2 of surface

8. Loss of enamel involving >1/2 of 5 3.0%)
surface

9. Loss of main part of enamel | 66 (33.9%)

Figure 2. Frequency of different dental fluorosis levels observed in the rural populations of Anantapur.
(a—e) show fluorosis levels considering the DI (from questionable to severe); (f) frequency of dental
fluorosis by DI; (g) frequency of dental fluorosis by TFI.
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Table 2. Analysis of fluorosis distribution considering gender, age range, and fluoride concentration

in water observed.

Dean Index (a) n = 785

Thylstrup Fejerskov Index (a) n = 785

MS (%) 335\]}[‘?‘1’/3 p Value SP 9(332 )(?;) 4-9 (%) 1\{2??‘;01 )+ p Value SP 9(;,1,2 )(?;)
Age range (y = years)
upto15y 260 (342) 47 (5.9) 29 (375) 2126
1625y 103(131) 97 (123) 131(166)  69(87)
2635y 51 (64) 7809  0000% o 66 (8.4) 63(80) 0000 o
3645y 11 (5.2) 36 (4.5) (b) 16 (5.8) 31 (3.9) ()
655y 2329) 212.6) 28 (35) 16 2.0)
over55y 6(07) 13 (1.6) 8(1.0) 1(14)
Fluoride concentration
more than 1.5 ppm 232 (29.5) 96 (12.2) 0.000 * 1.81 261 (33.2) 67 (8.5) 0.000 1.79
up to 1.5 ppm 261(33.2) 196 (24.9) (© 097 (134245* ~ 313(39.8) 144 (183) *(c) 094 (12825
Gender
female 294 (374) 169 (215) 108 350 @45) 113 (143) 135
male 199 (253) 123 (156) 0093 (0 (0.8-144)  224(285) 98(124)  007( (0.98-1.86)
Age range considering gender
(y = years)
female 166 (25) 30 (9.4) 187(391)  928)
uptoldy male 103(325) 1763 08710 (0.4%—911 74 18341 1237 0067 @ (0.931'351.66)
female  57(285) 59 (29.5) 76 (33) 40 (20)
1625y — 6 B9, 04750 08(045-14) —55 0r 055145 1000 1(0.55-1.81)
female 31(24) 44 (341) 39(302)  36(27.9)
2635y male 20(155) 34263 07160 (0.5;;22.46) 27(209)  27(209) 0860 (0.514'9;18)
3645y male 15(194) 23 (29.8) © L0 (121728)* ~ 18(233)  20(259) (© 099 (11.727)
female 12272 15 (34) 17386 10227
46-55y male 1125 6(136) 022800 (0.102'1111 52) 1125 6136 0000 (0‘206.?33.28)
female 2(105) 8@ 3(15.7) 7 (368)
over55y male 121 5263 03500 (0.0(4)821‘38) 5 (26.3) 1oy 0@ (0.0%33.26)
Fluoride concentration in water
considering gender
female 123 (375)  45(137) 141(429) 27 (82)
more than 1.5 ppm male 109(332)  51(155 03330 (0.719%;06) 120365)  40(121)  00%4@ 088 (1.(1)'17—43> *
female  171(374)  124(27.0) 200 (457) 86 (188)
up to 1.5 ppm male 90 (196)  72(157) 00628 (0.751;11.62) 104(227)  58(126) 0171 (0.;'—%26.04)

* Significant association. (a) Dean and Thylstrup Fejerskov values were dichotomized for odds ratio (OR) and
Fisher’s exact test; (b) p value by Person Chi-square test; (c) p value by Fisher’s exact test; (d) OR = odds
ratio with 95% confidence interval (CI). normal + QVM = Dean index normal-questionable-very mild-mild;
MS = Dean index moderate—severe; normal + 1-3 = Thylstrup and Fejerskov Index normal plus levels 1, 2, and 3;
4-9 = Thylstrup and Fejerskov Index levels 4-9; ppm = part per million fluorides; SP = statistical power.

The Spearman correlation (Figure 3) showed a significant correlation between MS (DI)
and 4-9 (TFI) values (0.962, p value = 0.000) and between fluoride concentration in drinking
water with 4-9 (TFI) values (0.610, p value = 0.027).
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Figure 3. Spearman’s Rho correlation considering fluoride concentration found in water samples
obtained in each community included in the study and the percentage of cases considered MS by DI
and 4-9 by TFI observed in each community. The major value of fluoride observed in drinking water
is 2.9. * Significant correlation.

4. Discussion
4.1. The Situation of Anantapur District, Andhra Pradesh State

Endemic problems caused mainly by excessive fluoride in the groundwater have
been reported in the state of Andhra Pradesh [3,22]. The 2011 official data of the Indian
census [23] showed that, overall, 37.3% of Anantapur rural households use water from
treated sources, while 62.7% use untreated water from several sources, such as groundwater
from covered or uncovered wells, rivers or canals, cisterns, ponds, or lakes. In this study,
all patients reported consuming water from untreated groundwater. A report generated
by the Indian government expert committee described that 85% of the rural population
from Andhra Pradesh use groundwater for drinking and domestic purposes, with values
of fluoride over 1.5 ppm [24]. Anantapur is an arid region, as indicated by the official
website of the Anantapur district [25], and the rainfall is not only scanty but also erratic
in nature [6], decreasing its capacity to dilute the fluoride amount in the groundwater.
The WHO general recommendation indicates that regions such as Anantapur with high
temperatures (over 20 degrees Celsius during the year) must maintain concentrations of
fluoride in the drinking water between 0.5 and 0.7 ppm, due to the high water consumption
caused by their type of geological environment and weather conditions [26]. Given the
characteristics of the region, the water samples included in the study (Table 1) revealed
levels above 1.0 ppm of fluoride in all sources, with a wide margin of variation between
communities. However, the fluoride levels found in drinking water seem insufficient to
explain the high prevalence and severity of dental fluorosis observed.
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4.2. Dental Fluorosis in the Studied Population and Its Relation to the Regional Drinking Water

Frequently, the literature deals with the effect of fluoride toxicity in oral health con-
sidering a specific period of life; for example, if the exposition occurs during the enamel
formation and mineralization process, the damage to the teeth will be more severe [27,28],
including adverse changes in the chemical composition of tooth enamel and its struc-
ture [29]. In addition, childhood implies a natural greater risk for the toxic effects of
fluorides compared to adults because children have greater metabolic rates of fluoride
retention due to the natural incorporation of the fluoride to the growing skeletal and dental
structures [30]. A similar effect has also been observed in women during pregnancy [31].
Consequently, there is little focus on the long-term effect of fluoride toxicity on human biol-
ogy or the effect of this toxicity for several generations in communities such as Anantapur.
The study performed here observed a high prevalence of dental fluorosis (94.6% by DI and
94.4% by TFI) with a predominance of moderate to severe cases (62.8% by DI and 73.1% by
TFI) in a population consuming water with up to 2.9 ppm of fluoride in drinking water
(average 1.7). In general terms, these results are moderately consistent with similar studies
conducted in Anantapur and other Andhra Pradesh districts. For example, a previous study
carried out in Andhra Pradesh state concerning 6586 villages from 21 districts revealed
that Anantapur was the district with most villages affected by dental fluorosis, considering
levels of fluoride in drinking water from 1.52 to 4.45 ppm (average 1.99) [32]; in another
study in a child population of Anantapur, Nalgonda and Khammam showed a wide dif-
ference in the prevalence of dental fluorosis that varied from 38.4 to 100%, with 5.7 ppm
being the maximum concentration of fluoride found [33-37]. It is important to note that
the study performed here observed 33.2% and 39.9% of moderate—severe dental fluorosis
cases (MS by DI and 4-9 by TFI, respectively) considering up to 1.5 ppm of fluorides in
drinking waters. In this regard, the literature shows diverse and controversial information.
For example, in the Khammam district, a 17.65% prevalence of the moderate-severe form of
dental fluorosis was observed, while the fluoride content in water was up to 3.5 ppm [37];
another study in Mysore, Karnataka, India, showed 17.65% of moderate—severe dental
fluorosis considering up to 1.2 ppm of fluoride concentration in drinking water [38]; in
Bagalkot district, Karnataka, India, 100% of moderate-severe dental fluorosis prevalence
was reported with 1.36 ppm of fluoride in drinking water, considering 93 individuals aged
9-15 years. [39]. Along the same lines, wide differences in results are also seen in studies
conducted outside of India. For example, in Saudi Arabia, the prevalence of moderate—
severe fluorosis in a child population of 12 regions varied from 7.32% to 41.25%, considering
a fluoride concentration in drinking water up to 1.69 ppm [40,41]; in the Hidalgo state,
Mexico, the prevalence of the moderate-severe form of fluorosis was observed in 76.3%
consuming drinking water with a 2.4-3.2 ppm range of fluoride [42]; in the Kiambu district,
Kenya, 92% of the moderate—severe form of dental fluorosis was reported in the child
population, considering fluoride in drinking water up to 2.1 ppm [43]; another study in
two villages from Khartoum, Sudan, with values of fluorides in drinking water up to
2.56 ppm, showed a prevalence of 31.8% of moderate-severe dental fluorosis in a child
population [44]. As it is possible to observe, the articles reviewed about the prevalence of
dental fluorosis report differences concerning inclusion criteria, data presentation, range of
fluoride concentration in water considered acceptable, the method used for fluorosis diag-
nosis, among others, which makes the comparative analysis with the results described here
quite difficult. It is worth mentioning that these studies have not considered other fluoride
sources in the analysis (e.g., food). In this regard, fluoride concentration in different foods
has been studied in the Anantapur population, showing that the quantification of fluoride
intake can increase significantly when foods are considered [45]. However, the quantitative
determination of fluoride intake by the child population is very difficult in their first years
of life, when fluorotic changes in enamel are more severe if the secretory ameloblast and
the maturation stage of enamel are exposed to critical fluoride levels chronically [46].
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4.3. Polymorphism, Epigenetic and Genotoxicity Associated to Fluoride: Potential Changes in the
Biological Susceptibility of the Organism against Fluoride as a Toxin

The rural population of Anantapur could be expressing an intrinsic biological change
due to the chronic water consumption with critical concentrations of fluoride throughout
people’s lives and for several generations. Additionally, intrinsic aspects of the population
can also contribute to the phenomenon, such as its complex nuclear structure, scarce mo-
bility, and low genetic variability [47,48]. In this regard, genetic variations and alterations
can change the biological response of an organism against fluoride as a toxin. For example,
different dental fluorosis manifestations have been related to ethnicity [49,50]; addition-
ally, an association was observed between dental fluorosis and the polymorphism of the
genes COL1a2 (collagen type 1) [11,51], TIMP1 (metalloproteinase inhibitor), DLX1 and
2 (homeobox transcription factor genes, associated with craniofacial development) [52],
ESR (estrogen receptor) [53,54], and CTR (calcitonin receptor) [55]; specifically in India,
associations between dental fluorosis and polymorphisms of the genes COL1a2 [56-58],
ESR [58], BGLAP [58] (a protein that regulates bone remodeling), and SPARC [58] (protein
required for the bone calcification process) have been evidenced; additionally, the polymor-
phisms of both DLX 1 and 2 genes (craniofacial development) were associated with the
risk of severe fluorosis [52]. In animal models, it has been shown that both the genetic and
environmental factors play a role in tooth quality [59,60]. On the other hand, genotoxicity
induced by high doses of fluorides has been observed in in vitro and in vivo models [61],
affecting bone and ameloblast cell lines. For example, osteosarcoma cell lines exposed
to doses of 8 ppm of NaF showed alterations in the expression of genes associated with
bone formation [62]; another study in male mice showed gaps and fissures of chromatids
in the metaphase stage after exposition to high fluorine concentrations (4-20 mg/L) [63];
additionally, when the cell was exposed to concentrations of up to 5 mM of sodium fluoride,
phosphorylation of the histone H2AX of LS8 ameloblast DNA was observed, which can
induce cell apoptosis [64,65]. Finally, alterations in gene expression resulting from exposure
to a toxin can be transmitted to subsequent generations through transgenerational epige-
netic inheritance [66,67]. This phenomenon suggests that chronic exposure to fluorides
could trigger heritable epigenetic changes that alter the biological response against fluoride
as a toxin.

As the main limitation of this study, the dental brigades of the Vicente Ferrer Foun-
dation carry out prevention and treatments when needed by underserved populations.
Therefore, although several inclusion/exclusion criteria were applied, the interpretation
of the results should be performed with caution, because the sample included volunteer
patients with different treatment needs and in a specific time. Randomized stratified studies
are needed to complement and expand the results reported in our study. In addition, other
aspects related to the quality of drinking water should be included in future studies, such
as pH or the presence of other minerals.

5. Conclusions

Patients from rural communities of the Anantapur district showed a high prevalence
(over 90%) of dental fluorosis. Moreover, the Anantapur population presents a high
number of moderate and severe cases (over 60%), while other populations showed less
severe forms of fluorosis, despite reporting superior fluoride levels to those found in the
Anantapur drinking water. The severity of fluorosis concerning fluoride concentration
levels in drinking water in Anantapur suggests that other factors are involved in the severity
of the dental fluorosis observed. A potential change in the biological susceptibility of the
population to the toxin, due to the long-term exposition (including several generations)
could explain the phenomenon, affecting its actual and future quality of life.



Int. |. Environ. Res. Public Health 2022, 19, 11293 11 of 13

Author Contributions: Conceptualization, TM.G.-E. and E.C.-K.; data curation, I.V.-G. and B.Y,;
formal analysis, I.V.-G., O.A.-A. and E.C.-K,; funding acquisition, B.Y.; investigation, TM.G.-E.,
0.A-A., E.C.-K. and M.C.M.-C.; methodology, TM.G.-E., W.A.-R. and M.C.M.-C.; project administra-
tion, V.L.d.L.; resources, B.Y.; software, W.A.-R.; supervision, V.L.d.L.; validation, B.Y. and V.L.d.L.;
writing—original draft, I.V.-G., B.Y,, E.C.-K. and M.C.M.-C.; writing—review and editing, V.L.d.L.,
E.C.-K. and M.C.M.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of Universitat de Barcelona in an ordinary
session on 8 February 2011 (number 3-2011) and applied in the month of August of the years 2012,
2013, and 2014, during the work of the rural dental brigades of the Rural Development Trust, directed
by Dr. Vicente Lozano de Luaces and Ms. Trina Mylena Garcia Escobar, with the authorization of the
director of the Kalyandurg Hospital-Kanekal.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors wish to thank the Vicente Ferrer Foundation and Dentist With-
out Borders for contributing to this work. This work was supported in part by MINEDUC-UA
project, code ANT 1855 and the Research Assistant Program, Vicerrectoria de Investigacion Innovacion y
Postgrado-Universidad de Antofagasta. All individuals included in this section have consented to the
acknowledgement.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Canada Communication Group. Inorganic Fluorides (Priority Substances List Assessment Report); Environment Canada: Ottawa, ON,
Canada, 1993; ISBN 978-0-662-21070-2.

2. Ayoob, S.; Gupta, A K. Fluoride in Drinking Water: A Review on the Status and Stress Effects. Crit. Rev. Environ. Sci. Technol.
2006, 36, 433-487. [CrossRef]

3. World Health Organization. Fluorides and Human Health, No. 59; WHO Monograph Series; World Health Organization: Geneva,
Switzerland, 1970.

4. World Health Organization. Fluorides and Oral Health, No. 846; WHO Technical Report Series; World Health Organization: Geneva,
Switzerland, 1994.

5. Fawell, ].; Bailey, K.; Chilton, J.; Dahi, E.; Fewtrell, L.; Magara, Y. World Health Organization Fluoride in Drinking-Water; INA
Publishing: London, UK, 2006.

6. Bhagavan, S.V.B.K.; Raghu, V. Utility of Check Dams in Dilution of Fluoride Concentration in Ground Water and the Resultant
Analysis of Blood Serum and Urine of Villagers, Anantapur District, Andhra Pradesh, India. Environ. Geochem. Health 2005, 27,
97-108. [CrossRef] [PubMed]

7. World Health Organization. Guidelines for Drinking-Water Quality [Electronic Resource]: Incorporating 1st and 2nd Addenda, Vol. 1,
Recommendations, 3rd ed.; World Health Organization: Geneva, Switzerland, 2008; ISBN 978-92-4-154761-1.

8. McDonagh, M.S.; Whiting, P.E; Wilson, PM.; Sutton, A J.; Chestnutt, I.; Cooper, J.; Misso, K.; Bradley, M.; Treasure, E.; Kleijnen, J.
Systematic Review of Water Fluoridation. BMJ 2000, 321, 855-859. [CrossRef] [PubMed]

9. Shashi, A.; Kumar, M.; Bhardwaj, M. Incidence of Skeletal Deformities in Endemic Fluorosis. Trop. Doct. 2008, 38, 231-233.

10. Vilasrao, G.S.; Kamble, K.M.; Sabat, R.N. Child Fluorosis in Chhattisgarh, India: A Community-Based Survey. Indian Pediatr. 2014,
51,903-905. [CrossRef]

11. Jarquin-Yfieza, L.; Alegria-Torres, J.A.; Castillo, C.G.; de Jestis Mejia-Saavedra, J. Dental Fluorosis and a Polymorphism in the
COL1A2 Gene in Mexican Children. Arch. Oral Biol. 2018, 96, 21-25. [CrossRef]

12. Pramanik, S.; Saha, D. The Genetic Influence in Fluorosis. Environ. Toxicol. Pharmacol. 2017, 56, 157-162. [CrossRef]

13. Bali, RK.; Mathur, V.B.; Talwar, P.P; Chanana, H.B. National Oral Health Survey and Fluoride Mapping 2002—-2003; Dental Council of
India: New Delhi, India, 2004.

14. Jagtap, S.; Yenkie, M.K.; Labhsetwar, N.; Rayalu, S. Fluoride in Drinking Water and Defluoridation of Water. Chem. Rev. 2012, 112,
2454-2466. [CrossRef]

15. Reddy, B.M.; Sunitha, V.; Prasad, M.; Reddy, Y.S.; Reddy, M.R. Evaluation of Groundwater Suitability for Domestic and
Agricultural Utility in Semi-Arid Region of Anantapur, Andhra Pradesh State, South India. Groundw. Sustain. Dev. 2019, 9, 100262.
[CrossRef]

16. Fareed, M.; Afzal, M. Genetics of Consanguinity and Inbreeding in Health and Disease. Ann. Hum. Biol. 2017, 44, 99-107.
[CrossRef]

17. Juyal, G.; Mondal, M,; Luisi, P.; Laayouni, H.; Sood, A.; Midha, V.; Heutink, P.; Bertranpetit, J.; Thelma, B.K.; Casals, F. Population

and Genomic Lessons from Genetic Analysis of Two Indian Populations. Hum. Genet. 2014, 133, 1273-1287. [CrossRef] [PubMed]


http://doi.org/10.1080/10643380600678112
http://doi.org/10.1007/s10653-004-0786-4
http://www.ncbi.nlm.nih.gov/pubmed/15688134
http://doi.org/10.1136/bmj.321.7265.855
http://www.ncbi.nlm.nih.gov/pubmed/11021861
http://doi.org/10.1007/s13312-014-0525-6
http://doi.org/10.1016/j.archoralbio.2018.08.010
http://doi.org/10.1016/j.etap.2017.09.008
http://doi.org/10.1021/cr2002855
http://doi.org/10.1016/j.gsd.2019.100262
http://doi.org/10.1080/03014460.2016.1265148
http://doi.org/10.1007/s00439-014-1462-0
http://www.ncbi.nlm.nih.gov/pubmed/24980708

Int. |. Environ. Res. Public Health 2022, 19, 11293 12 of 13

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Petersen, P.E.; Baez, R.J.; World Health Organization. Oral Health Surveys: Basic Methods, 5th ed.; World Health Organization:
Geneva, Switzerland, 2013; ISBN 978-92-4-154864-9.

Thylstrup, A.; Fejerskov, O. Clinical Appearance of Dental Fluorosis in Permanent Teeth in Relation to Histologic Changes.
Community Dent. Oral Epidemiol. 1978, 6, 315-328. [CrossRef] [PubMed]

Forum on Fluoridation. Chapter 12 Controlling Dental Fluorosis. Report of the Forum on Fluoridation; Stationery Office: Dublin,
Ireland, 2002; p. 126.

Mabelya, L.; van 't Hof, M.A.; Konig, K.G.; van Palenstein Helderman, W.H. Comparison of Two Indices of Dental Fluorosis
in Low, Moderate and High Fluorosis Tanzanian Populations. Community Dent. Oral Epidemiol. 1994, 22, 415-420. [CrossRef]
[PubMed]

Kumar, M.; Puri, A. A Review of Permissible Limits of Drinking Water. Indian ]. Occup. Environ. Med. 2012, 16, 40—44.

Home Government of India. Available online: https://censusindia.gov.in/census.website/ (accessed on 25 August 2022).
Drinking Water Sectional Committee. Drinking Water Specification, Second Revision; Bureau of Indian Standards: New Delhi, India, 2012.
Home Department TBPHLC Circle Anantapuramu Profile. Available online: https://ananthapuramu.ap.gov.in/tbphlc-circle-
anantapuramu-profile/ (accessed on 25 August 2022).

World Health Organisation. Appropriate Use of Fluoride for Human Health; World Health Organization: Belgium, Germany, 1986.
Aoba, T; Fejerskov, O. Dental Fluorosis: Chemistry and Biology. Crit. Rev. Oral Biol. Med. 2002, 13, 155-170. [CrossRef]
Rwenyonyi, C.M.; Birkeland, ]. M.; Haugejorden, O.; Bjorvatn, K. Age as a Determinant of Severity of Dental Fluorosis in Children
Residing in Areas with 0.5 and 2.5 Mg Fluoride per Liter in Drinking Water. Clin. Oral Investig. 2000, 4, 157-161. [CrossRef]
Struzycka, I.; Olszewska, A.; Bogustawska-Kapata, A.; Hryhorowicz, S.; Kaczmarek-Ry$, M.; Grabarek, B.O.; Staszkiewicz, R.;
Kuciel-Polczak, I.; Czajka-Jakubowska, A. Assessing Fluorosis Incidence in Areas with Low Fluoride Content in the Drinking
Water, Fluorotic Enamel Architecture, and Composition Alterations. Int. |. Environ. Res. Public Health 2022, 19, 7153. [CrossRef]
Gdalia, I. Urinary Fluorine Levels of Children and Adults. J. Dent. Res. 1958, 37, 601-604. [CrossRef]

Gedalia, J.; Brzezinski, A.; Bercovici, B. Urinary Fluorine Levels in Women during Pregnancy and after Delivery. ]. Dent. Res.
1959, 38, 548-551. [CrossRef]

Samarasimha-Reddy, D.K.; Narasimha-Rao, K.L. Incidence of Fluorosis in India with Special Reference to Andhra Pradesh.
In Geosciences and Water Resources: Environmental Data Modeling; Bardinet, C., Royer, J.-J., Eds.; Data and Knowledge in a Changing
World; Springer: Berlin/Heidelberg, Germany, 1997; pp. 77-84. ISBN 978-3-642-60627-4.

Reddy, B.M.; Sunitha, V.; Reddy, M.R. Prevalence of Dental Fluorosis in Southeastern Part of Anantapur District, Andhra Pradesh.
J. Chem. Pharm. Res. 2016, 8, 179-185.

Shekar, C.; Cheluvaiah, M.B.; Namile, D. Prevalence of Dental Caries and Dental Fluorosis among 12 and 15 Years Old School
Children in Relation to Fluoride Concentration in Drinking Water in an Endemic Fluoride Belt of Andhra Pradesh. Indian ]. Public
Health 2012, 56, 122-128. [CrossRef]

Sukhabogi, ].R.; Parthasarathi, P.; Anjum, S.; Shekar, B.; Padma, C.; Rani, A. Dental Fluorosis and Dental Caries Prevalence among
12 and 15-Year-Old School Children in Nalgonda District, Andhra Pradesh, India. Ann. Med. Health Sci. Res. 2014, 4, S245-5252.
[CrossRef] [PubMed]

Sudhir, KM,; Suresh, S.; Prashant, G.M.; Reddy, V.V.S; Shafiulla, M.; Chandu, G.N. Distribution Patterns of Enamel Fluorosis in
Permanent Dentition. Oral Health Prev. Dent. 2012, 10, 167-174. [PubMed]

Shanthi, M.; Reddy, B.V.; Venkataramana, V.; Gowrisankar, S.; Reddy, B.V.T.; Chennupati, S. Relationship Between Drinking Water
Fluoride Levels, Dental Fluorosis, Dental Caries and Associated Risk Factors in 9-12 Years Old School Children of Nelakondapally
Mandal of Khammam District, Andhra Pradesh, India: A Cross-Sectional Survey. |. Int. Oral Health 2014, 6, 106-110. [PubMed]
Sebastian, S5.T.; Soman, R.R.; Sunitha, S. Prevalence of Dental Fluorosis among Primary School Children in Association with
Different Water Fluoride Levels in Mysore District, Karnataka. Indian J. Dent. Res. 2016, 27, 151-154. [CrossRef]

Mahantesha, T.; Dixit, U.B.; Nayakar, R.P.; Ashwin, D.; Ramagoni, N.K.; Kamavaram Ellore, V.P. Prevalence of Dental Fluorosis
and Associated Risk Factors in Bagalkot District, Karnataka, India. Int. J. Clin. Pediatr. Dent. 2016, 9, 256-263. [CrossRef]
[PubMed]

Akpata, E.S.; Fakiha, Z.; Khan, N. Dental Fluorosis in 12-15-Year-Old Rural Children Exposed to Fluorides from Well Drinking
Water in the Hail Region of Saudi Arabia. Community Dent. Oral Epidemiol. 1997, 25, 324-327. [CrossRef] [PubMed]

AlDosari, A.M.; Akpata, E.S.; Khan, N. Associations among Dental Caries Experience, Fluorosis, and Fluoride Exposure from
Drinking Water Sources in Saudi Arabia. J. Public Health Dent. 2010, 70, 220-226. [CrossRef]

Irigoyen, M.E.; Molina, N.; Luengas, I. Prevalence and Severity of Dental Fluorosis in a Mexican Community with Above-Optimal
Fluoride Concentration in Drinking Water. Community Dent. Oral Epidemiol. 1995, 23, 243-245. [CrossRef]

Maniji, F,; Baelum, V.; Fejerskov, O. Dental Fluorosis in an Area of Kenya with 2 ppm Fluoride in the Drinking Water. J. Dent. Res.
1986, 65, 659-662. [CrossRef]

Ibrahim, Y.E.; Affan, A.A.; Bjorvatn, K. Prevalence of Dental Fluorosis in Sudanese Children from Two Villages with 0.25 and 2.56
ppm Fluoride in the Drinking Water. Int. J. Paediatr. Dent. 1995, 5, 223-229. [CrossRef] [PubMed]

Rao, K.V,; Mahajan, C.L. Fluoride Content of Some Common South Indian Foods and Their Contribution to Fluorosis. J. Sci. Food
Agric. 1990, 51, 275-279. [CrossRef]

Bronckers, A.L.J.J.; Lyaruu, D.M.; DenBesten, P.K. The Impact of Fluoride on Ameloblasts and the Mechanisms of Enamel
Fluorosis. J. Dent. Res. 2009, 88, 877-893. [CrossRef] [PubMed]


http://doi.org/10.1111/j.1600-0528.1978.tb01173.x
http://www.ncbi.nlm.nih.gov/pubmed/282114
http://doi.org/10.1111/j.1600-0528.1994.tb00789.x
http://www.ncbi.nlm.nih.gov/pubmed/7882655
https://censusindia.gov.in/census.website/
https://ananthapuramu.ap.gov.in/tbphlc-circle-anantapuramu-profile/
https://ananthapuramu.ap.gov.in/tbphlc-circle-anantapuramu-profile/
http://doi.org/10.1177/154411130201300206
http://doi.org/10.1007/PL00010677
http://doi.org/10.3390/ijerph19127153
http://doi.org/10.1177/00220345580370040501
http://doi.org/10.1177/00220345590380031701
http://doi.org/10.4103/0019-557X.99902
http://doi.org/10.4103/2141-9248.141967
http://www.ncbi.nlm.nih.gov/pubmed/25364597
http://www.ncbi.nlm.nih.gov/pubmed/22763597
http://www.ncbi.nlm.nih.gov/pubmed/25083044
http://doi.org/10.4103/0970-9290.183126
http://doi.org/10.5005/jp-journals-10005-1373
http://www.ncbi.nlm.nih.gov/pubmed/27843259
http://doi.org/10.1111/j.1600-0528.1997.tb00947.x
http://www.ncbi.nlm.nih.gov/pubmed/9332811
http://doi.org/10.1111/j.1752-7325.2010.00169.x
http://doi.org/10.1111/j.1600-0528.1995.tb00239.x
http://doi.org/10.1177/00220345860650050501
http://doi.org/10.1111/j.1365-263X.1995.tb00183.x
http://www.ncbi.nlm.nih.gov/pubmed/8957835
http://doi.org/10.1002/jsfa.2740510215
http://doi.org/10.1177/0022034509343280
http://www.ncbi.nlm.nih.gov/pubmed/19783795

Int. |. Environ. Res. Public Health 2022, 19, 11293 13 of 13

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Deshingkar, P. Migration, Remote Rural Areas and Chronic Poverty in INDIA; Overseas Development Institute: London, UK, 2010.

Mastana, S.S.; Papiha, S.S. Genomic and Gene Diversity among the People of the Indian Subcontinent. In Genetic Disorders of the
Indian Subcontinent; Kumar, D., Ed.; Springer: Dordrecht, The Netherlands, 2004; pp. 57-80. ISBN 978-1-4020-2231-9.

Russell, A.L. Dental Fluorosis in Grand Rapids during the Seventeenth Year of Fluoridation. . Am. Dent. Assoc. 1962, 65, 608-612.
[CrossRef] [PubMed]

Williams, J.E.; Zwemer, J.D. Community Water Fluoride Levels, Preschool Dietary Patterns, and the Occurrence of Fluoride
Enamel Opacities. J. Public Health Dent. 1990, 50, 276-281. [CrossRef] [PubMed]

Huang, H.; Ba, Y.; Cui, L.; Cheng, X.; Zhu, J.; Zhang, Y.; Yan, P,; Zhu, C,; Kilfoy, B.; Zhang, Y. COL1A2 gene polymorphisms (Pvu II
and Rsa I), serum calciotropic hormone levels, and dental fluorosis. Community Dent. Oral Epidemiol. 2008, 36, 517-522. [CrossRef]
Kiichler, E.C.; Tannure, PN.; de Oliveira, D.S.B.; Charone, S.; Nelson-Filho, P.; da Silva, R.A.B.; de Castro Costa, M.; Antunes, L.S.;
Calasans Maia, M.D.; Antunes, L.A.A. Polymorphisms in Genes Involved in Enamel Development Are Associated with Dental
Fluorosis. Arch. Oral Biol. 2017, 76, 66—69. [CrossRef]

Dalledone, M.; Cunha, A.S.; Ramazzotto, L.A.; Pecharki, G.D.; Nelson-Filho, P.; Scariot, R.; Trevilatto, P.C.; Vieira, A.R.; Kiichler,
E.C.; Brancher, J.A. Estrogen Receptor Gene Is Associated with Dental Fluorosis in Brazilian Children. Clin. Oral Investig. 2019, 23,
3565-3570. [CrossRef]

Ba, Y,; Zhang, H.; Wang, G.; Wen, S.; Yang, Y.; Zhu, J.; Ren, L.; Yang, R.; Zhu, C.; Li, H.; et al. Association of Dental Fluorosis with
Polymorphisms of Estrogen Receptor Gene in Chinese Children. Biol. Trace Elem. Res. 2011, 143, 87-96. [CrossRef]

Jiang, M; Mu, L.; Wang, Y.; Yan, W.; Jiao, Y. The Relationship between Alu I Polymorphisms in the Calcitonin Receptor Gene and
Fluorosis Endemic to Chongqing, China. Med. Princ. Pract. 2015, 24, 80-83. [CrossRef] [PubMed]

Toteja, D.G.S.; Meena, C.; Bala, K.; Mohanty, S.S. Association of COL1A2 Gene Polymorphism with Dental Fluorosis in Children
of Jaipur District of Rajasthan, India. Asian Pac. ]. Health Sci. 2016, 3, 249-255.

Rahila, C.; Aswath Narayanan, M.B.; Ramesh Kumar, S.G.; Leena Selvamary, A.; Sujatha, A.; John Kirubaharan, J. Association of
COL1A2 (Pvull) Gene Polymorphism with Risk and Severity of Dental Fluorosis-A Case Control Study. Saudi Dent. ]. 2019, 31,
463-468. [CrossRef] [PubMed]

Saha, D.; Goswami, R.; Majumdar, K.K.; Sikdar, N.; Pramanik, S. Evaluating the Association between Dental Fluorosis and
Polymorphisms in Bone Development and Mineralization Genes Among Population from a Fluoride Endemic Region of Eastern
India. Biol. Trace Elem. Res. 2021, 199, 1-8. [CrossRef]

Everett, E.T.; McHenry, M.a.K.; Reynolds, N.; Eggertsson, H.; Sullivan, J.; Kantmann, C.; Martinez-Mier, E.A.; Warrick, ] M.;
Stookey, G.K. Dental Fluorosis: Variability among Different Inbred Mouse Strains. J. Dent. Res. 2002, 81, 794-798. [CrossRef]
[PubMed]

Vieira, A.P.G.F; Hanocock, R.; Eggertsson, H.; Everett, E.T.; Grynpas, M.D. Tooth Quality in Dental Fluorosis Genetic and
Environmental Factors. Calcif. Tissue Int. 2005, 76, 17-25. [CrossRef]

Ribeiro, D.A.; Yujra, V.Q.; da Silva, VH.P,; Claudio, S.R.; Estadella, D.; de Barros Viana, M.; Oshima, C.T.F. Putative Mechanisms
of Genotoxicity Induced by Fluoride: A Comprehensive Review. Environ. Sci. Pollut. Res. Int. 2017, 24, 15254-15259. [CrossRef]
[PubMed]

Daiwile, A.P; Tarale, P.; Sivanesan, S.; Naoghare, PK.; Bafana, A.; Parmar, D.; Kannan, K. Role of Fluoride Induced Epigenetic
Alterations in the Development of Skeletal Fluorosis. Ecotoxicol. Environ. Saf. 2019, 169, 410-417. [CrossRef]

Manivannan, J.; Sinha, S.; Ghosh, M.; Mukherjee, A. Evaluation of Multi-Endpoint Assay to Detect Genotoxicity and Oxidative
Stress in Mice Exposed to Sodium Fluoride. Mutagen. Res. 2013, 751, 59-65.

Suzuki, M.; Bandoski, C.; Bartlett, J.D. Fluoride induces oxidative damage and SIRT1/autophagy through ROS-mediated JNK
signalling. Free Radic. Biol. Med. 2015, 89, 369-378. [CrossRef]

Suzuki, M.; Ikeda, A.; Bartlett, ].D. Sirtl Overexpression Suppresses Fluoride-Induced P53 Acetylation to Alleviate Fluoride
Toxicity in Ameloblasts Responsible for Enamel Formation. Arch. Toxicol. 2018, 92, 1283-1293. [CrossRef]

Miousse, I.R.; Currie, R.; Datta, K.; Ellinger-Ziegelbauer, H.; French, J.E.; Harrill, A.H.; Koturbash, I.; Lawton, M.; Mann, D.;
Meehan, R.R;; et al. Importance of Investigating Epigenetic Alterations for Industry and Regulators: An Appraisal of Current
Efforts by the Health and Environmental Sciences Institute. Toxicology 2015, 335, 11-19. [CrossRef] [PubMed]

Xavier, M.J.; Roman, S.D.; Aitken, R.J.; Nixon, B. Transgenerational inheritance: How impacts to the epigenetic and genetic
information of parents affect offspring health. Hum. Reprod. Update 2019, 25, 518-540. [CrossRef] [PubMed]


http://doi.org/10.14219/jada.archive.1962.0307
http://www.ncbi.nlm.nih.gov/pubmed/13975635
http://doi.org/10.1111/j.1752-7325.1990.tb02135.x
http://www.ncbi.nlm.nih.gov/pubmed/2391676
http://doi.org/10.1111/j.1600-0528.2007.00424.x
http://doi.org/10.1016/j.archoralbio.2017.01.009
http://doi.org/10.1007/s00784-018-2778-2
http://doi.org/10.1007/s12011-010-8848-1
http://doi.org/10.1159/000368435
http://www.ncbi.nlm.nih.gov/pubmed/25402775
http://doi.org/10.1016/j.sdentj.2019.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31695295
http://doi.org/10.1007/s12011-020-02116-9
http://doi.org/10.1177/0810794
http://www.ncbi.nlm.nih.gov/pubmed/12407097
http://doi.org/10.1007/s00223-004-0075-3
http://doi.org/10.1007/s11356-017-9105-3
http://www.ncbi.nlm.nih.gov/pubmed/28477256
http://doi.org/10.1016/j.ecoenv.2018.11.035
http://doi.org/10.1016/j.freeradbiomed.2015.08.015
http://doi.org/10.1007/s00204-017-2135-2
http://doi.org/10.1016/j.tox.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/26134581
http://doi.org/10.1093/humupd/dmz017
http://www.ncbi.nlm.nih.gov/pubmed/31374565

	Introduction 
	Materials and Method 
	Study Characteristics, Population, and Ethical Aspects 
	Inclusion/Exclusion Criteria 
	Indices Used for Dental Fluorosis Classifications 
	Collection and Analysis of Water Samples 
	Statistical Analysis 

	Results 
	General Characteristics of the Studied Population and Water Samples 
	Dental Fluorosis Prevalence and Association with the Variables Studied 

	Discussion 
	The Situation of Anantapur District, Andhra Pradesh State 
	Dental Fluorosis in the Studied Population and Its Relation to the Regional Drinking Water 
	Polymorphism, Epigenetic and Genotoxicity Associated to Fluoride: Potential Changes in the Biological Susceptibility of the Organism against Fluoride as a Toxin 

	Conclusions 
	References

