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Abstract

Background: Natural water sources are considered as the major environmental exposure of fluoride, resulting in
increased prevalence of enamel fluorosis. This type of natural exposure should be permanently monitored to avoid
the interactions with other non-natural fluoride sources. We evaluated the prevalence of enamel fluorosis in Colom-
bian schoolchildren and its relationship with fluoride-containing water ingestion exposure dose and urinary fluoride
excretion.

Material and Methods: We included 923 schoolchildren aged 7—12 years residing in eight municipalities in Co-
lombia. Sampling of consumption water was performed in major aquifers used for daily supply. Samples were
collected in 98 polyethylene containers and refrigerated until analysis. Water and urine fluoride concentrations
were measured using the fluoride selective electrode method. Enamel fluorosis was evaluated using Thylstrup and
Ferjerskov Index (TFI). Demographic and anthropometric characteristics were assessed. Besides, other exposures
to non-natural fluoride were also evaluated. Logistic regression was applied for multiple analyses.
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Results: The median fluoride concentration in water and urine samples was 10.5 mg/L and 0.63 mg/L respectively,
with the highest value found in Algarrobo-Magdalena, and the lowest value found in Manzanares-Caldas. The ove-
rall prevalence of enamel fluorosis was 86.1%, being more frequent the mild codes with TFI-1 to TFI-2. The highest
prevalence was found in Margarita-Bolivar and Manzanares-Caldas, and the most severe codes (TFI-5 to TFI-9) were
detected in Manzanares-Caldas. The multiple analysis revealed water ingestion exposure dose, urinary excretion, in-
voluntary intake of toothpaste, amount of table salt consumption and sex as significant factors (p < 0.001).

Conclusions: The fluoride ingestion exposure dose and its subsequent urinary excretion could be used as estimators of
past fluoride exposure, explaining the current prevalence of enamel fluorosis in Colombian schoolchildren.

Key words: Fluoride, groundwater ingestion, enamel fluorosis, prevalence, severity.

Introduction

Fluorine is a naturally occurring element with a wi-
despread distribution, primarily in geological environ-
ments. It is also present in non-geological environments
in substrates such as water, soil, air and vegetation (1).
The most commonly identified compounds of environ-
mental origin with fluorine content are fluorite (calcium
fluoride), cryolite (sodium and aluminium fluoride),
apatite (calcium phosphate) and phosphate rocks (2,3).
Artificial addition of fluorides to sources of intake such
as water and table salt has been performed globally since
1950 as the major strategy for controlling the progres-
sion of dental caries. Although drinking water in Colom-
bia does not contain added fluoride since 1989, when the
public policy was changed by adding fluoride to table
salt, the country established a control and surveillance
system for the quality of water for human consumption
(SIVICAP), which guarantees the monitoring of fluo-
ride concentration levels in drinking water, with the
maximum acceptable value of fluorides in water being
1 mg/L (4,5). However, this system does not have suffi-
cient coverage to monitor all sources of water access for
the Colombian population, because several communities
residing in rural areas have a service coverage of 74 %
(6), and this consumption is supplied by unconventional
aquifers that are generally not included in the water sam-
plings performed by territorial entities.

Since 2012, the National Institute of Health of Colombia
has implemented a sentinel surveillance programme for
fluoride exposure (SIVIGILA), which monitors fluoride
levels in drinking water and table salt in some munici-
palities selected by the territorial entities. Between 2012
and 2015, the programme has identified 19 municipali-
ties with fluoride values in water samples of >1mg/L. Si-
milarly, during this same period, 53 municipalities were
identified with fluoride values in table salt samples of
>220 mg F/kg/salt (7). Although the programme is still
active, it has a limitation of under-records in the data
due to lack of samplings that represent the water and salt
consumption of all participating populations.
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Excessive intake of fluoride on a regular basis during the
tooth formation period causes a clinical defect in enamel
development, which is characterised by greater discolo-
ration and porosity than the normal enamel and is known
as enamel fluorosis (8,9). Although the optimal levels of
daily fluoride intake are inconsistent, some studies indi-
cate that intake doses of >0.07 mg F/kg w/day can cause
dental fluorosis (10).

The last National Oral Health Survey performed in Co-
lombia in 2014 (11), reported a prevalence of enamel
fluorosis of 59.1%, confirming a significant increase com-
pared with the National Oral Health Survey performed in
1998 (12), which reported a prevalence of 11.8 %. The-
se data indicate possible failures in the implementation
of public policy to control fluoride intake from different
sources. It can be clearly recognised that massive access
to fluoride sources has generated an effect on dental caries
in the country by reducing its prevalence (11). Neverthe-
less, the non-beneficial effects of fluoride have increased
concern at the level of government entities, to the point of
being considered as a public health problem.

Chronic toxicity and the increase in the prevalence and
severity of enamel fluorosis have been associated with
exposure to different sources of fluoride administration,
especially sources of systemic intake such as water, table
salt, toothpastes, fluoride supplements and diet (13-18).
Therefore, the impact on chronic toxicity of the various
sources of fluorides is related to several variables, inclu-
ding the time of exposure, concentration and quantity
and frequency of consumption, as well as the urinary
fluoride excretion, which become a highly complex ex-
posure, making it difficult to control (19-21).

The above-described background information indicates
the need to explore the effects of exposure to fluorides
by groundwater ingestion, including in the explanatory
models all the variables that intervene in this process.
Therefore, we investigated the prevalence of enamel
fluorosis in Colombian schoolchildren and its relations-
hip with fluoride-containing water ingestion exposure
doses and fluoride urinary excretion.
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Material and Methods

-Study population

This study was conducted on 923 schoolchildren aged
7—12 years residing in the following eight municipalities
in Colombia with exposure to fluoride due to ground-
water ingestion: Algarrobo-Magdalena, Campo de la
Cruz-Atlantico, La Estrella-Antioquia, Manzanares-Cal-
das, Margarita-Bolivar, Narifio-Narifio, Oiba-Santander
and Puerto Lopez-Meta. Eligible participants enrolled in
this study have been living in these municipalities since
birth and consumed groundwater on a regular basis. Ex-
clusion criteria were medical history of renal disease and
severe malnutrition.

The sample size was determined based on a type I error
of 5% and a power of 80%. Based on previous data,
using the Stata® software (V12, Stata Corp. LP, College
Station, TX, USA), the lowest expected frequency for
the prevalence of dental fluorosis was calculated (11),
resulting in a target sample size of 987 subjects. To ac-
count for possible incomplete processing of the ques-
tionnaire, the sample size was increased by 10 % (1086).
Thus, a total of 1086 schoolchildren were recruited, and
163 were excluded because they did not fulfil the para-
meters cited earlier. The final study population consisted
of 923 participants.

-Groundwater collection

A total of 98 groundwater well sites were selected in
the study municipalities (Fig. 1). Water samples were
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collected in 250-mL polyethylene bottles that were pre-
viously treated with 10 % HNO3 for 2 h, rinsed with
ultra-pure water (18 MQecm; distilled and deionised
water) and dried (to avoid contamination). The contai-
ners were also rinsed three times with the same sampling
water before sample collection. After sample collection,
the containers were refrigerated (three Celsius degrees),
transported and stored in the laboratory until analysis,
(Fig. 1).

-Urine collection

The urine samples of the participants were collected in
50 mL sterile falcon tubes, taking a standard volume
of 20 mL for analysis. This sample represents a single
point in time, corresponding to the first morning urine.
After sample collection, the containers were refrigerated
(three Celsius degrees), transported and stored in the la-
boratory until analysis.

Questionnaire

A survey was performed to evaluate the demographic
and anthropometric information of the study partici-
pants. Moreover, details regarding the ingestion of
groundwater and other fluoride exposure sources such
as consumption of packaged beverages, involuntary in-
take of toothpaste, amount of toothpaste used, frequency
of teeth brushing and amount of table salt consumption
were collected. These data were obtained through a
self-administered questionnaire, with a supplementary
interview. This questionnaire was evaluated before its
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Fig. 1: Location map of the study municipalities (Colombia,
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application by three expert judges to confirm its appea-
rance validity. Furthermore, a reliability analysis stabi-
lity, test-retest was applied in a pilot group of volunteer
parents at two time intervals to correlate the obtained
two data distributions. In addition, all interviewers were
trained to administer the assigned questionnaires. The
questionnaires were also monitored during the data co-
llection process through a random review to assess adhe-
rence to the protocols by the interviewers.
-Quantification of fluoride in groundwater and urine
Fluoride concentrations were measured using a poten-
tiometer with fluoride ion-selective electrode (Thermo
Scientific™ Orion™; Fisher cat. #13-642-285 Mfr.
# 9609BNWP) (22,23). The water and urine samples
were analyzed by duplicate adding TISAB II buffer with
CDTA just before analysis and using standard reference
material (NIST-USA, 1984: SRM 3183). The measure-
ment procedures were performed at the Public Health
Research Laboratory of the School of Dentistry, Univer-
sity of Cartagena, Colombia. Urinary fluoride concen-
trations were adjusted by dilution to eliminate variation
from fluid balance. Therefore, urinary creatinine was
determined by spectrophotometer Genesys 10S UV-VIS
(Thermo Scientific, USA) and urinary fluoride concen-
trations were expressed as mg F per g creatinine.
-Determination of water ingestion exposure doses (IDag)
Human exposure to fluoride in groundwater was evalua-
ted using IDag (24). This index was expressed as risk
using the reference dose (<0.05 mg/kg/day) and was cal-
culated according to the following equation: IDag = (C
x IR x EF) / (BW), where C is the fluoride concentration
in water (mg/L), IR is the water intake rate per day (L/
day), EF is the exposure frequency (days/year) (a value
of 1 was used, representing daily exposure to fluoride)
and BW is the body weight (kg) (the average body wei-
ght was determined as 32 kg).

-Clinical examination

The clinical signs of enamel fluorosis were evaluated
using the TF index. These results are indicators of chronic
fluoride exposure, and each indicator of clinical injury has
been correlated with histological characterisation. This
index classifies the severity of enamel fluorosis lesions
among nine indicators as follows: (TFI-0) = absence of
visible lesion and (TFI-1 to TFI-9) = presence of clinica-
lly visible lesions. Based on the severity categories, the
indicators were classified as (TFI-1 to TFI-2) = mild fluo-
rosis, (TFI-3 to TFI-4) = moderate fluorosis and (TFI-5 to
TFI-9) = severe fluorosis (25). Two examiners received
training for enamel fluorosis measurements using the TFI.
Clinical calibration values included inter-examiner and
intra-examiner comparison, using an external examiner as
a reference point. The two examiners obtained agreement
scores above 0.75 for the weighted kappa coefficient.
-Statistical analyses

Statistical analyses were performed using the R softwa-
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re (26). Proportions, absolute and relative frequencies
and mean and standard deviation were used for statis-
tical description. In addition, correlation coefficients
were used to evaluate the relationship among the fluori-
de-containing water ingestion exposure dose and quan-
tification of fluoride in urine. The prevalence of enamel
fluorosis was calculated as the proportion of individuals
with a given category by dividing into the total number
of participants. The study population was divided into
two subgroups for the purpose of analysis, and pairwise
comparisons were performed between the presence and
absence of enamel fluorosis and the severity levels ac-
cording to TFI using the chi-square () test (p < 0.05).
A complementary analysis was performed to understand
the significance of differences between the presence and
absence of enamel fluorosis according to the low and
high exposure dose, effect size test (27). A multivariate
logistic regression analysis was performed incorpora-
ting enamel fluorosis prevalence as a dependent varia-
ble and water ingestion exposure dose, urine excretion,
involuntary intake of toothpaste, amount of table salt as
independent variables. Potential confounders (age, sex,
body mass index (BMI) and exposures to fluoride other
than groundwater ingestion) were also considered in this
study. Interaction terms among the water ingestion ex-
posure dose that provided a p <0.2 and potential con-
founders were evaluated.

Results

-Characterisation of the study municipalities

This study was conducted in eight municipalities in
Colombia, distributed by different geographical areas,
especially rural areas. The latitude and longitude of the
study locations are depicted in Figure 1.
-Characteristics of study subjects

The mean age, height, weight and BMI of the study po-
pulation were 9.5 + 0.04 years, 1.4 = 0.003 m, 31.9 +
0.23 kg and 18.7 kg/m2, respectively. Girls comprised
50.2 % of the study population, and the most frequent
(20.8%) school grade was fourth grade of elementary
school. An amount of table salt consumption of >1
spoonful (75.4 %) and an amount of toothpaste of more
than or equal to half of the toothbrush (54.8 %) showed
the highest frequency among fluoride exposure factors.
The other characteristics are shown in Table 1.
-Concentration of fluoride in drinking water

The water samples contained a fluoride concentration of
0.02 to 24.3 mg/L, with the overall mean concentration
being 4.32 + 8.35 mg/L. Algarrobo-Magdalena (24.3 +
26 mg/L) and Margarita-Bolivar (6.3 + 5.7 mg/L) were
the municipalities with the highest concentration of fluo-
ride in drinking water (Table 2).

-Water ingestion exposure dose (IDag) and Fluoride
concentration in urine

The IDag values ranged from 0.0008 to 0.88 mg/kg/day,
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Table 1: Characteristics of the study population.

Characteristics N (%) or
mean +
SE®
Total sample 923 100
Anthropometrics
Age (years) 923 | 9.5+0.04
Height (cm) 923 | 1.4+£0.003
Weight (kg) 923 | 31.9+0.23
BMI (kg/m?)¢ 923 187+ 1.6
Municipalities
Algarrobo-Magdalena 132 14.3
Campo de la Cruz-Atlantico 89 9.6
La Estrella-Antioquia 93 10.1
Manzanares-Caldas 121 13.1
Margarita- Bolivar 115 12.5
Narifio-Narifio 53 5.7
Oiba-Santander 153 16.6
Puerto Lépez-Meta 167 18.1
Age (categorial, years)
7-9 463 50.2
10-12 460 49.8
Sex
Male 463 49.8
Female 460 50.2
Water ingestion exposure dose
IDag >0.05 mg/kg/day 246 26.7
IDag <0.05 mg/kg/day 677 73.4
Consumption of packaged beverages
Yes 290 31.4
No 633 68.6
Involuntary intake of toothpaste
Yes 455 49.3
No 468 50.7
Amount of toothpaste used
>Half of toothbrush 506 54.8
<Half of toothbrush 417 45.2
Frequency of teeth brushing
>3 times a day 327 35.4
<3 times a day 596 64.6
Amount of table salt consumption
>1 spoonful 696 75.4
<1 spoonful 227 24.6

Note. apercentage; baverage + standard error; cbody mass index

and the median value was 0.002 mg/kg/day (0.001-0.17
mg/kg/day). The highest IDag values were found in
Algarrobo-Magdalena (0.88 mg/kg/day) and Marga-
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rita-Bolivar (0.22 mg/kg/day), above reference dose
(<0.05 mg/kg/day). The urine samples contained a
range fluoride concentration of 0.11-2.06 mg/F/g-crea-
tinine with the overall mean concentration being 0.63
+ 0.82 mg/F/g-creatinine. The individuals residing in
the municipalities of Algarrobo-Magdalena and Mar-
garita-Bolivar showed the highest concentrations with
2.06 and 1.86 mg/F/g-creatinine respectively. Besides,
the mean fluoride-containing water ingestion exposure
dose (IDag) and the mean fluoride concentration in urine
showed a positive and statistically significant correlation
(r=0.98; p <0.001), (Table 2).

-Prevalence and severity of enamel fluorosis in school-
children

The overall prevalence of fluorosis among the 923 chil-
dren was 86.1 %. The highest dental fluorosis prevalen-
ce was found in Margarita-Bolivar and Manzanares-Cal-
das. We also detected a significant association between
enamel fluorosis prevalence and municipalities (p <
0.001) and between enamel fluorosis prevalence and sex
(p =0.03) (Table 3).

Regarding severity, the most frequent was mild fluorosis
(42.5 %), followed by moderate fluorosis (33.6%). The
most severity codes were found in Manzanares-Caldas
(TFI-5 to TFI-9; 39.7%). We also found an association
between TFI and municipalities (p < 0.001), between
TFI and sex (p = 0.03) and between TFI and age (p =
0.009) (Table 4).

-Factors associated with enamel fluorosis prevalence
The risk factors associated with enamel fluorosis were
involuntary intake of toothpaste (OR = 1.96 + 0.39; p <
0.001) and amount of table salt consumption (OR = 3.58
+0.71; p <0.001). The other factors were not statistica-
lly significant (Table 5).

-Multiple analyses between exposure factors and enamel
fluorosis prevalence

Binomial analyses were conducted to determine the best
explanatory model of enamel fluorosis. The outcome
showed a statistically significant likelihood ratio (p <
0.001). The raw and adjusted models were compared. It
was observed an increase in the statistical strength of the
association by the effect of the interactions between the
following exposure factors; water ingestion exposure
dose, urinary excretion, involuntary intake of toothpas-
te, amount of table salt and sex, being the coefficient of
determination slightly higher (R2 =30%) (Table 6).

Discussion

In Colombia, fluoride is added to table salt as a measure
of public health welfare for the prevention of tooth de-
cay (28). However, fluoride can also occur naturally in
geological environments (2,29). Therefore, basic instru-
ments have been established for the control and survei-
llance of the quality of water for human consumption,
because unconventional water sources used for human
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Table 2: Fluoride water ingestion exposure dose (IDag) and fluoride concentration in water and urine by municipalities.

All participants Fluoride IDag Fluoride in ‘R?
in Water Urine
N Col %* | Meanx SD Mean + SD" (mg/ Mean + SD
(mg/L) kg/day) (mg/F/g creat.)

Total sample 923 100 432+8.35 0.14 £ 0.308 0.63+0.82 0.98¢
Municipalities
Algarrobo-Magdalena 132 13.4 243 +26 0.88+£0.16 2.06+£1.03
Campo de la Cruz-Atlantico 89 9.0 0.05+0.03 0.002 £ 0.0003 0.11+0.03
La Estrella-Antioquia 93 9.4 0.03 +0.008 0.001 + 0.0002 0.16+0.02
Manzanares-Caldas 121 12.3 0.02 +£0.02 0.0008 £ 0.0002 0.33+0.05
Margarita-Bolivar 115 11.7 6.3+57 0.22 £0.04 1.86+0.92
Narino-Narifio 53 11.9 0.05 +0.009 0.001 £ 0.0003 0.14+0.001
Oiba-Santander 153 15.5 0.04 +0.06 0.002 +0.0003 0.18+0.003
Puerto Lopez-Meta 167 16.9 045+0.15 0.014 +0.003 0.22+0.02

Note. * Percentage or subjects over the total population; ®SD: standard deviation; °“R2 : determination coefficient between IDag and fluoride

concentration in urine; ¢ p< 0.001

Table 3: Enamel fluorosis prevalence in schoolchildren by characteristics of the study population.

Enamel fluorosis

Characteristics All participants Yes No

N Col %* n (%) CI’ 95% n (%) CI 95% p-value
Total sample 923 100 795 (86.1) | 83.9-88.4 | 128(13.9)| 11.6-16.1
Municipalities (fluoride water + SE)®
Algarrobo-Magdalena (24.3 + 26) 132 14.3 99 (75.0) 67.6-82.4 | 33 (25.0) 17.6-32.4
Campo de la Cruz-Atlantico (0.05 + 89 9.6 41 (46.1) 35.6-56.5 | 48(53.9) | 43.5-64.4
0.03)
La Estrella-Antioquia (0.03 + 0.008) 93 10.1 91 (97.8) 94.9-1.0 2(2.2) -0.8-5.1
Manzanares-Caldas (0.02 £ 0.02) 121 13.1 121 (100) - 0 (0.0) - <0.001
Margarita-Bolivar (6.0 + 5.7) 115 12.5 115 (100) - 0(0.0) -
Narifio-Narifio (0.05 + 0.009) 53 5.7 45 (84.9) 75.2-94.6 8 (15.1) 5.4-24.8
Oiba-Santander (0.04 = 0.06) 153 16.6 129 (84.3) | 78.5-90.1 | 24 (15.7) 9.9-21.4
Puerto Lopez-Meta (0.45 + 0.15) 167 18.1 154 (92.2) | 88.1-96.3 13 (7.8) 3.7-11.9
Age (categorical, years)
7-9 463 50.2 402 (86.8) 83.7-89.9 | 61 (13.2) 10.1-16.3 0.54
10-12 460 49.8 393 (85.4) | 82.2-88.7 | 67 (14.6) 11.3-17.8
Sex
Male 463 49.8 410 (88.6) | 85.6-91.5 | 53(11.4) 8.5-14.4 0.03
Female 460 50.2 385(83.7) | 80.3-87.1 | 75(16.3) 12.9-19.7
School grade
Second 135 14.6 115 (85.2) 79.2-91.2 | 20 (14.8) 8.8-20.8
Third 257 27.8 224 (87.2) 83.1-91.3 | 33 (12.8) 8.7-16.9 0.34
Fourth 275 29.8 243 (88.4) | 84.6-92.2 | 32(11.6) 7.8-15.4
Fifth 256 27.8 213 (83.2) | 78.6-87.8 | 43 (16.8) 12.2-21.4

Note. * Percentage or subjects over the total population; ® CI: Confidence interval. Statistical chi-square (y?) test (p < 0.05); © average of fluoride
concentration in drinking water in the study municipalities and standard error.
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Table 4: Enamel fluorosis severity (TFI) in schoolchildren by characteristics of the study population.

TF Index

Participants TFO0 TF1-TF2 | TF3-TF4 | TF5-TF9 | p-value®
Characteristics N Col %* n (%) n (%) n (%) n (%)
Total sample 923 100 128 (13.9) | 392 (42.5) | 310 (33.6) | 93 (10.1)
Municipalities (fluoride water + SE)°
Algarrobo-Magdalena (24.3 + 26) 132 14.3 33 (25.0) 57 (43.2) | 30(22.7) 12 9.1)
Campo de la Cruz-Atlantico (0.05 + 89 9.6 47 (52.8) 38 (42.7) 334 1(1.1)
0.03)
La Estrella-Antioquia (0.03 = 0.008) 93 10.1 2(2.2) 35(37.6) | 51(54.8) 5064
Manzanares-Caldas (0.02 + 0.02) 121 13.1 0 (0.0 19 (15.7) | 54 (44.6) | 48(39.7)
Margarita-Bolivar (6.0 = 5.7) 115 12.5 0(0.0) 73 (66.5) | 40 (34.8) 2(1.7) <0.001
Narifio-Narifio (0.05 £ 0.009) 53 5.7 9 (17.0) 22 (41.5) 19 (35.9) 3(5.7)
Oiba-Santander (0.04 £ 0.06) 153 16.6 24 (15.7) 48(31.4) 68 (44.4) 13 (8.5)
Puerto Lopez-Meta (0.45 + 0.15) 167 18.1 13 (7.8) 100 (59.9) | 45(27.7) 954
Age (categorical, years)
7-9 463 50.2 61 (13.2) 204 (44.1) | 166 (35.9) | 32(6.9) 0.009
10-12 460 49.8 67 (14.6) 188 (40.9) | 144 (31.3) | 61 (13.3)
Sex
Male 463 49.8 54 (11.7) 206 (44.5) | 147 (31.8) | 56 (12.1) 0.03
Female 460 50.2 75 (16.3) 307 (66.7) | 67 (14.6) 11(2.4)
School grade
Second 135 14.6 20 (14.8) 58 (43.0) | 48(35.6) 9(6.7)
Third 257 27.8 32 (12.5) 107 (41.6) | 96 (374) 22 (8.6) 0.43
Fourth 275 29.8 33 (12.0) 123 (44.7) | 86 (31.3) | 33 (12.0)
Fifth 256 27.8 43 (16.8) 104 (40.6) | 80 (31.3) | 29 (11.3)

Note. * Percentage or subjects over the total population; * Statistical chi-square (y?) test (p < 0.05); © average of fluoride concentration water

in the study municipalities and standard error.

consumption can be considered to have high risk for the
presence of enamel fluorosis. The participants of the pre-
sent study consumed water from underground sources,
due to which it is necessary to understand the exposure
in detail.

The ingestion of fluoride within the ‘optimal range’
(0.05-0.07 mg F/kg/day) (30), provides concentrations
required in the oral environment to inhibit mineral loss
or promote mineralisation in the tooth enamel (31). In
the present study, the results showed that the fluoride
ingestion level through drinking water was below the
‘optimal range’. However, in two municipalities (Alga-
rrobo-Magdalena and Margarita-Bolivar), the fluoride
ingestion levels could be considered as a risk factor for
enamel fluorosis, which are possible fluorosis-endemic
areas. Whereby, the fluoride concentration by ingestion
of water is an indicator reflecting ingestion of water
source from environmental fluoride. As most fluoride
ingestion in the municipalities of Colombia was from
groundwater, it is necessary to monitor fluoride levels in
drinking water in different areas and over time.
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Several indicators have been reported to calculate the
water ingestion exposure doses (24), although is clear
that the fluoride concentration in water has a high impact
within the equation used to calculate the ingestion expo-
sure dose to fluoride, other factors such as the frequency
of water ingestion and body weight also contribute. The
World Health Organisation recommended drinking wa-
ter fluoride levels of 0.5-1.5 mg/L for the prevention of
tooth decay (32). Furthermore, in countries as Canada
and E.U., the recommended concentration is 0.7 mg/L
(33,31). In our study, of the 94 selected water samples,
25.5% had fluoride concentrations greater than the re-
commended values for Colombia (1 mg/L) (5). Therefo-
re, the schoolchildren with the highest exposure in terms
of fluoride concentration and frequency of ingestion of
water showed the highest water fluoride ingestion dose.
This suggests the need to monitor environmental varia-
bles for the epidemiological surveillance of fluoride ex-
posure.

When we examined the association between exposure to
fluoride in water and the prevalence of enamel fluoro-



J Clin Exp Dent. 2024;16(1):e51-61.

Pattern of orbital walls fractures

Table 5: Fluoride exposure related with enamel fluorosis prevalence in schoolchildren.

Sources of fluoride ingestion All partipants Yes No CI (95%)

N Col n (%) n (%) OR"+SE¢ | Lower | Upper

%* limit limit

Total sample 923 100 795 (86.1) 128 (13.9)
Water ingestion exposure dose
[Dag® >0.05 mg/kg/day 246 26.7 214 (26.9) 32 (25.0) 1.10 £ 0.24 0.72 1.79
IDag <0.05 mg/kg/day 677 73.4 581 (73.1) 96 (75)
Fluoride urinary excretion
High 447 48.4 | 400 (50.3) 50 (39.1) 1.58+0.42 1.12 2.50
Low 476 51.6 395 (49.7) 78 (60.9)
Consumption of packaged bever-
ages
Yes 290 314 259 (32.6) 31 (24.2) 1.51£0.33 0.98 2.33
No 633 68.6 536 (67.4) 97 (75.8)
Involuntary intake of toothpaste
Yes 455 49.3 410 (51.6) 45 (35.2) 1.96"+0.39 1.33 2.90
No 468 50.7 385 (48.4) 83 (64.8)
Amount of toothpaste used
>Half of toothbrush 506 54.8 437 (54.9) 69 (53.9) 1.04 +0.20 0.72 1.50
<Half of toothbrush 417 45.2 358 (45.0) 59 (46.1)
Frequency of teeth brushing
>3 times a day 327 354 272 (34.2) 55 (42.9) 0.69+0.13 0.47 1.0
<3 times a day 596 64.6 523 (65.8) 73 (57.0)
Amount of table salt consumption
>1 spoonful 696 75.4 630 (79.2) 66 (51.6) 3.58:+0.71 2.44 5.28
<1 spoonful 227 24.6 165 (20.8) 62 (48.4)

Note. * Percentage or subjects over the total population; ® OR: Odd ratio; ¢ SE: Standard error; ¢ CI: Confidence interval; ¢ IDag (<0.05 mg/
kg/day): recommended total optimal daily dose for all ages (ATSDR, 2003); f p<0.001; & p<0.001. Statistical chi-square ()?) test (p < 0.05).

Table 6: Binomial model between exposure to fluoride and enamel fluorosis prevalence, adjusted by covariates, in schoolchildren.

Enamel fluorosis (cat. 0 =no, 1 =yes)

OR*+SE® | CI°95% | pvalue | (R?)® | (p>chi®)e

Variables

<0.001 0.30 <0.001

Water ingestion exposure dose (cat. 0 = no risk, 1 =risk)

14+033 | 0.86-2.2 0.03

Fluoride urinary excretion (cat. 0 = low, 1 = high)

1.6+£0.32 | 1.01-1.95 0.04

Involuntary intake of toothpaste (cat. 0 =no, 1 = yes)

1.6 £0.33 1.1-2.4 0.02

Amount of table salt (cat. 0 = <1 spoonful, 1 =>1 spoonful)

3.6+0.76 2.4.5.5 <0.001

Sex (cat. 0 = Female, 1 = Male)

1.4+0.29 | 09721 0.06

Dose*Amount of table salt (interaction 1)

79+37 3.2-19.7 | <0.001

Dose*Sex (interaction 2)

30+14 1.2-7.5 0.01

sis, the results were not consistent because of the higher
prevalence of enamel fluorosis in the municipality Man-
zanares-Caldas, although it showed the optimal concen-
trations of fluoride in water, whereas in the municipality
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Algarrobo-Magdalena with the highest concentrations of
fluoride in water, the prevalence and severity of enamel
fluorosis were lower. These findings could be explained
by the environmental (temperature) and geographical
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(altitude) differences between the study municipalities.
According to the altitude, a greater prevalence of enamel
fluorosis has been reported in populations residing in hi-
gh-altitude cities (10), due to hypoxia, which decreases
urinary pH and increases the retention of fluoride. Simi-
larly, populations living in cities with lower temperatu-
res have reduced energy demand, causing the excretion
of fluoride due to an increase in the retention rate (34).
This finding suggests a plausible conjecture, because
Manzanares-Caldas has an average temperature of 19°C
and an altitude of 1933 m above sea level, whereas Alga-
rrobo-Magdalena has an average temperature of 27.8°C
and an altitude of 24 m above sea level. However, this
hypothesis must be tested in further studies.

Based on the presence of enamel fluorosis, the present
study showed a higher prevalence and severity than the
national data for Colombia (11). These high data may be
explained by the different sources of fluoride exposu-
re that contribute to increasing the daily ingestion dose
(water and table salt, toothpastes, mouthwash and food
and drinks, as well as application of dental fluoride) (35-
41). Similarly, the presence of other factors can increase
the individual susceptibility to the toxic effects of fluo-
ride, such as altitude and environmental temperature,
malnutrition, diet components, gastric and urinary pH,
kidney failure and genetic predisposition (10,42,43,20).
In the bivariate analyses, we found no association be-
tween the fluoride-containing water ingestion dose and
prevalence of enamel fluorosis, but there was an asso-
ciation between the amount of table salt consumption
and involuntary intake of toothpaste. Although a survei-
llance and control system was implemented in Colombia
to monitor fluoride levels in table salt for compliance
with optimal levels (180-220 mg/F kg/salt) (7), the issue
of the amount of table salt consumed daily is evident.
The global average salt consumption in the country is
10-15 g/day (44), although the recommended amount
is 5 g/person/day, which is sufficient to maintain ade-
quate concentrations of fluoride in the saliva for the pre-
vention of tooth decay (45,46). Similarly, the National
Nutritional Status Survey in Colombia reported a high
amount of table salt consumption (47). The majority of
participants in our study responded affirmatively to the
preparation of food with the amount of table salt higher
than the recommended level, which is an important risk
factor when several sources of excessive fluoride intake
are combined.

The involuntary intake of toothpaste during tooth brus-
hing is a common habit in children aged <5 years in Co-
lombia (11). In our study, a high percentage of parents
did not monitor the amount of toothpaste used by chil-
dren, and moreover, children aged between 2 and 4 years
used adult toothpaste with fluoride concentrations above
the recommended level (1450 mg/L). These data de-
monstrate the inappropriate use of toothpaste with high
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fluoride concentrations among children. However, ac-
cording to risk, some studies have reported that the use
of toothpastes with high fluoride content did not increase
the urinary fluoride excretion significantly (48,49). Si-
milarly, these habits may contribute together with the
fluoride content in water and table salt to increase the cu-
mulative dose above the optimal levels (50,17). Several
authors reported that the involuntary intake of toothpaste
in 5-year-old children contributes 30% of the total fluo-
ride ingestion, which is higher than the same contribu-
tion in adults (51,52). In the present study, the data for
the involuntary intake of toothpaste were obtained from
questionnaires that reconstructed the past exposure. It is
clear that this method is not highly sensitive to evaluate
this exposure; therefore, we recommend conducting lon-
gitudinal studies on urinary fluoride excretion to confirm
the weight of this risk factor on the presence of enamel
fluorosis.

In this regard, it is evident that the impact on chronic
toxicity of the different fluoride sources, independent or
in combination, is dependent on the time of exposure,
concentration of sources and the amount and frequency
of its consumption. Therefore, we conducted a multi-
ple analysis to estimate the impact of the effect of the
combination of various fluoride sources and demogra-
phic variables and obtained a multiple association mo-
del with statistical significance, where we tested the in-
teractions between the dose of water intake, involuntary
toothpaste intake, amount of table salt intake, fluoride
urinary excretion and sex of the participants. We found
that the variable sex influenced the model from the cate-
gory of boy or girl, indicating that boys probably inges-
ted greater amounts of water or table salt than girls, due
to greater muscle mass that consequently increases the
intake needs (53). Likewise, the strength of association
of urinary fluoride excretion was increased in multiple
analysis, probably due to the strong positive correlation
with the water ingestion exposure dose, showing a hi-
gher urinary fluoride concentration in children with high
levels of water ingestion fluoride exposure dose. These
outcomes have also been reported by other studies, al-
though with great variability (29,54-57).

Among the possible limitations inherent to the type of
this study (cross-sectional design) are the evaluation of
enamel fluorosis and exposure to fluoride at the same
time point, reconstructing the exposure in the stage whe-
re it originated (between 1 and 4 years of age) and the
possible memory bias that could incur in the parents’
responses when trying to reconstruct the past exposure
using a validated questionnaire. It is important to em-
phasise that only children born and living in the respecti-
ve municipalities were included in the present study, due
to which it was expected that the fluoride concentrations
currently found in natural water sources would be simi-
lar to those that had been exposed in the past, conside-
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ring that none of the municipalities reported substantial
improvements in the water source in the past 15 years.
The findings of this study provide relevant information
for public policies on oral health in Colombia, focusing
on the deficiencies in the current fluoride exposure con-
trol and surveillance system, which monitors and con-
trols only two of the various sources of fluoride invol-
ved (natural water and table salt). Which shows a low
efficacy of the government strategy used in Colombia to
reduce the chronic toxic effects of fluoride on the dental
enamel of people.

To conclude, the prevalence of enamel fluorosis in Co-
lombian schoolchildren can be explained by some fac-
tors related to the fluoride-containing water exposure
dose, other sources of exposure and some demographic
factors.
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