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Abstract
Background  Dental fluorosis (DF) is caused by excessive exposure to fluoride during odontogenesis and leads to 
various changes in the development of tooth enamel. Some regions in Mexico are considered endemic fluorosis 
zones due to the high fluoride content in drinking water. The objective of this study was to perform a systematic 
review and meta-analysis to identify the association between the concentration of fluoride in drinking water and the 
severity of dental fluorosis in northern and western Mexico.

Methods  This protocol was registered in the PROSPERO database (ID: CRD42023401519). The search for information 
was carried out in the PubMed/Medline, Scopus, SpringerLink, and Google Scholar databases between January 2015 
and October 2023. The overall relative risk was calculated using the inverse of variance approach with the random 
effects method. The RoB 2.0 tool was used to construct risk plots.

Results  Eleven articles were analyzed qualitatively, and most of the included studies presented at least one level of 
DF severity; six articles were analyzed quantitatively, dividing them into two regions. In North region it was observed 
a higher prevalence of severe TF cases, corresponding to ≥ TF 5 category (4.78) [3.55, 6.42]. In the West region, most of 
the included studies presented a higher prevalence of less severe cases, corresponding to ≤ TF 4, in comparison with 
the North region (0.01) [0.00, 0.52], interpreted as a protective effect.

Conclusion  The concentrations of fluorides in drinking water are reportedly high in these regions and are directly 
related to the severity of dental fluorosis experienced by the inhabitants. In the Northern region exists a major 
concentration of fluoride in drinking water compared with the Western region as well as a prevalence of higher 
severity cases of dental fluorosis.
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Introduction
Dental fluorosis is caused mainly by excessive fluoride 
exposure during odontogenesis (a biological process by 
which teeth form from embryonic cells, grow, and erupt 
into the mouth), which leads to various changes in tooth 
enamel development and alters tooth structure (the 
period from six months to four years is considered to be 
at greater risk for development) [1–3]. This disease can 
occur through the ingestion of high fluoride doses (above 
those established by regulatory standards) and sustained 
exposure, mostly by drinking water consumption [4].

To perform the diagnostic of dental fluorosis, the Dean 
index (DI) and the Thlystrup-Fejershow index (TF) can 
be employed, even though these indexes have differ-
ences among them, both could be used at the same time, 
by granting them a shared numerical value taking into 
account the enamel affection observed, grouping it in the 
same grade of affectation [5].

In Mexico, groundwater provides most of the drink-
ing water, and the current geological knowledge indicates 
that there are some areas where the natural fluoride con-
centration is high, exceeding the regulatory amount [6]. 
According to the Mexican normative limit, the maximum 
fluoride concentration allowed in natural water is 1.5 
ppm, and the limit for bottled water is 0.7 ppm [7]. Some 
regions in Mexico are considered endemic fluorosis 
zones due to the high fluoride concentrations in drinking 
water. A recent study has reported that the highest fluo-
ride water consumption in Mexico occurs mainly in the 
North and West regions of the country [8].

A fluoridation salt program is applied in areas where 
the concentration of fluoride in water is lower than 
0.7  mg/l [9]. This data indicates that these regions are 
mostly exposed to high fluoride concentrations by drink-
ing water rather than other variables like fluoridated salt, 
according with some studies 20  million people in those 
areas are consuming drinking water from supplies with 
fluoride concentrations that are above the national and 
international normative, emphasizing states such as San 
Luis Potosí, Durango, Zacatecas, Jalisco, Chihuahua and 
Sonora [10, 11].

Considering the existence of different concentrations 
of fluoride in drinking water in these regions, a lot of 
cases of dental fluorosis and the scarce evidence reported 
within the region with major affection, it was proposed to 
make a review of the literature to determine which region 
presents a major probability to develop more severe cases 
of dental fluorosis by associating fluoride intake in drink-
ing water and severity of dental fluorosis.

Materials and methods
Research design
Descriptive and retrospective review of science articles 
published for the elaboration of this systematic review 
and meta-analysis.

Protocol and registration
The protocol was registered in the PROSPERO database 
[12] (ID: CRD42023401519). This study was carried out 
following the PRISMA guidelines [13].

Population, exposure, control and outcome. PECO strategy
We used PECO [14] Strategy as follows: P: Habitants 
living in the Northern and Western region of Mexico, 
E: Levels of fluoride in drinking water C: Northern and 
Western regions O: Dental fluorosis severity degrees.

Eligibility criteria
Inclusion criteria
The research included (1) original research articles and 
full-text articles in English and Spanish; (2) articles that 
establish a relationship between fluoride intake and 
dental fluorosis, making special mention of the sever-
ity of dental fluorosis in the population of northern and 
western Mexico; (3) articles that mention the number of 
participants in the analysis of severity of dental fluorosis; 
and (4) studies that use the Dean Index (DI) or the Thyl-
strup and Fejerskov (TF) index to diagnose the severity 
of dental fluorosis (5) Studies published between January 
2015 and August 2023.

Exclusion criteria
Review articles, meta-analyses, letters to the editor and 
original research articles that did not report dental flu-
orosis or its relation to fluoride intake were excluded 
because they were not expressly related to the purposes 
of the research.

Information sources
The information was searched in the following databases: 
PubMed/Medline, Scopus, SpringerLink, and Google 
Scholar.

Search strategy
Articles in Spanish were used, resulting in 5 articles in 
this language in the initial search and 85 articles in Eng-
lish. The source of information was exclusively primary. 
On the initial research 90 articles were found which of 
them, 11 articles were analyzed for the qualitative study 
and 6 for the quantitative study.

Keywords were used considering the following medi-
cal subject heading (MeSH) guidelines and following the 
keywords used in the articles having relationship with 
the aim: “dental fluorosis”, “enamel fluorosis”, “drinking 
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water”, “México”, “potable water”, and “fluoride concen-
tration”. This keywords were combined with the booleans 
AND, AND/OR as: (dental fluorosis) AND (drinking 
water); (enamel fluorosis) AND (drinking water); (den-
tal fluorosis) AND (México), (dental fluorosis) AND/OR 
(drinking water) AND/OR (fluoride concentration).

Selection process
Two reviewers separately selected the titles and abstracts 
according to the inclusion criteria previously described. 
Studies that were selected as relevant were recovered for 
evaluation of the complete text. Finally, after discussion 
and agreement of both reviewers, the articles with useful 
content were chosen.

Data collection process
Two authors individually extracted the quantitative and 
qualitative data from the selected articles. Standardized 
forms were used to facilitate the analysis of the informa-
tion. A third reviewer was consulted in case of disagree-
ment between the two authors.

Information data
The data analyzed from each article were collected in 
Microsoft Excel spreadsheets (2016) in the following 
order: study authors, year, place, number of participants, 
fluoride concentration in drinking water, prevalence, and 
severity of dental fluorosis.

Methodological quality assessment and risk of bias
To evaluate the methodological quality, the Joanna Briggs 
Institute (JBI) [15] instrument was used to provide a 
series of parameters for the methodological evaluation 
of each article; if the article met the parameters, it was 
assigned a point to determine the methodological quality.

All the articles included were cross-sectional studies, 
scores of 1 to 3 were considered low quality, 4 to 6 were 
considered moderate quality, and 7 to 8 were considered 
high quality.

The Cochrane Collaboration tool [16] was used to 
evaluate the risk of bias in different domains, which 
were classified as low risk, moderate risk, or high risk 
according to the bias identified. In relation to the results 
observed in each domain, the overall risk was deter-
mined, and the RoB 2.0 [17] tool was used to construct 
graphs indicating the risk of bias in the individual studies 
and to analyze the risk of bias in all the studies as a whole.

Effect measures
The dichotomous outcomes of the population with dif-
ferent percentages of patients according to the fluorosis 
severity indexes were analyzed, separating the studies 
into northern and western regions. For the method of 
analysis, an inverse variance statistical method was used, 

with a random effects analysis model and an Odds ratio 
(OR).

Synthesis methods
Data synthesis was performed with Review Manager 5.4 
statistical software, after which the results of the meta-
analysis, sensitivity analysis, odds ratio and heterogeneity 
were calculated. A random effects model was established 
for this procedure because all the studies were conducted 
in different populations in which water with different flu-
oride concentrations was consumed. All outcomes were 
calculated with a 95% confidence interval (CI).

Results
Study selection
Figure  1 shows the article selection process. From an 
electronic search, 90 articles were registered. First, 11 
articles were excluded because they were duplicates.

After reading the title and abstracts, 24 articles were 
excluded for noncompliance with the eligibility crite-
ria. The other 55 articles were evaluated in full text; 44 
additional articles were excluded because they did not 
correspond to the study region, did not provide informa-
tion on the concentration of fluoride in water, or did not 
establish a relationship between fluoride concentration 
and dental fluorosis.

Finally, 11 articles were selected for the systematic 
review, and 6 were selected for the meta-analysis; of the 
11 articles, 5 were excluded because they did not pro-
vide statistical data that met the objective of the present 
investigation.

Methodological quality assessment and risk of bias
The Joanna Briggs Institute (JBI) tool [15] was used to 
assess methodological quality. All the studies evaluated 
had scores of moderate or high.

Of the 11 articles, 9 had a moderate quality score: 
Jarquín-Yañez et al. (2015) [18], Escobar García et al. 
(2015) [19], Aguilar-Díaz et al. (2016) [20], Jarquín-Yañez 
et al. (2018) [21], Contreras-Espinoza et al. (2018) [22], 
Tremillo-Maldonado et al. (2020) [23], Duran-Merino 
et al. (2020) [24], Ontiveros et al. (2020) [25], Farías et 
al. (2021) [26] and 2 had a high quality score: Molina-
Frechero et al. (2017) [6] and González- Dávila et al. 
(2021) [27].

Figure 2 shows the results of the individual assessment 
of the risk of bias in the selected articles. Eight articles 
(72.7%) presented a moderate risk of bias, and three arti-
cles presented a low risk (27.2%).

Study characteristics
Eleven articles were included from January 2015 to Octo-
ber 2023, and the eligibility criteria were defined for 
this investigation, considering the delimited areas. Most 
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of the articles selected (n = 11) were from the northern 
region (n = 4) and were distributed as follows: Chihua-
hua (n = 1) and Durango (n = 3). The western region (n = 7) 
included the following species: Zacatecas (n = 1), San Luis 
Potosí (n = 3), Aguascalientes (n = 1), and Guanajuato 
(n = 2) (Fig. 3).

Quantitative analysis
The level of fluoride in drinking water and the degree of 
severity of fluorosis were evaluated in 11 studies from 
different states. Four studies used the Dean index and 
included normal, questionable, very mild, mild, mod-
erate and severe severity levels. Seven studies used the 
TF index, with severity levels ranging from 0 to 9. The 
majority of the population in these studies presented at 
least one level of fluorosis severity. In addition, in 10 of 
the 11 studies, the level of fluoride in the water exceeded 
the limit established in Mexican regulations (Table 1).

Quantitative analysis
For the meta-analysis, only 6 articles were included out 
of the 11 articles previously selected for the systematic 

review. Although the indices are similar, they are not the 
same, but for methodological purposes, a categorization 
of them was carried out to make a comparison between 
the northern and western regions as follows:

We separated two regions; North and West of Mexico, 
using both Dean and TF indexes, which are used to deter-
mine the severity of the disease and its relationship with 
fluoride levels in water, were categorized. Two degrees of 
severity were established: one according to the Dean cri-
teria, from healthy to moderate, corresponding to TF ≤ 4; 
and one according to the Dean criteria, from severe dis-
ease according to the TF index corresponding to TF ≥ 5, 
with the concentration of fluoride in the water reported 
by the authors (Table 2).

In the quantitative analysis, a subgroup meta-analysis 
was produced, taking into the categorization described 
previously, we decided to use a random effects model due 
to the differences of the included studies, also we used 
an Odds Ratio statistical measure to compare the total 
events between both regions because of the design of the 
selected studies, which were cross-sectional studies.

Fig. 1  PRISMA flow diagram for the selection of studies included in the systematic review and meta-analysis
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Both regions were compared considering the number 
of presented dental fluorosis cases. In North region it was 
observed a higher prevalence of severe TF cases, corre-
sponding to ≥ TF 5 category (4.78) [3.55, 6.42], the stud-
ies included in these regions presented a I2 value of 0% 
indicating a low heterogeneity among both studies, this 

value may represent the existing methodological similari-
ties between these two studies (Fig. 4).

In the West region, most of the included studies pre-
sented a higher prevalence of less severe cases, corre-
sponding to ≤ TF 4, in comparison with the North region 
(0.01) [0.00,0.52] interpreted as a protective effect, an 

Fig. 2  (a) Risk of bias for each selected (b) article and overall risk of bias
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I2 value of 99%, observing a high heterogeneity, this is 
shown in a forest plot in Fig. 5, where the reported data 
by Farías and González Dávila are not found in the con-
fidence intervals, this may be due to the big differences 
between the reported events and it´s samples sizes 
(Fig. 4).

Even though we could interpret in the forest plot that 
there is a higher probability in Northern region to carry 
more severe cases of dental fluorosis, we should take 
into account that in the total analysis of both groups it 
is reported a confidence interval of 0.06 [0.00,0.88], 
data that is not conclusive, as well as the heterogeneity 
value of 99% which is considered high, the big difference 
among the sample size in each study, quantity of reported 
events and the mentioned categorization made for this 
study as shown in the funnel plot (Fig.  5), where a big 
asymmetric dispersion of studies can be observed, spe-
cially in the Western region studies, which reflects what 
was said previously.

Discussion
The objective of the present study was to identify the 
association between drinking water fluoride concentra-
tion and dental fluorosis severity grades in populations 
from the North and West Zones of Mexico.

Dental fluorosis can be described as a multifacto-
rial pathology [28] that depends on each characteristic, 
including genetic, environmental, nutritional, and/or 
socioeconomic characteristics, such as the main method 
of water consumption. Most of the articles that were 
included in the systematic review (n = 11) reported fluo-
ride concentrations in drinking water higher than the 
limit established by the Mexican standard (1.5 mg/L) [7]. 
Only one study, carried out in Zacatecas, reported a con-
centration of 1 ppm, which corresponds to 1 mg/L, and 
the entire study population, in all the articles, presented 
some degree of severity of DF.

Several studies have reported that there may be varia-
tions in the degree of severity of dental fluorosis accord-
ing to genetic factors, since there are areas with high 
fluoride content in water where the population presents 
clinical manifestations of the disease similar to those of 

Fig. 3  Regions of northern and western Mexico delimiting the areas covered by the study. Northern Regions: (1) Chihuahua, (2) Durango. western Re-
gions: (3) Zacatecas, (4) San Luis Potosí, (5) Aguascalientes, (6) Guanajuato

 



Page 7 of 11Gamarra et al. BMC Oral Health          (2024) 24:708 

populations that present lower concentrations of fluo-
ride in water. This may be due to the association of gene 
expression with the severity of dental fluorosis [18–21, 
23, 24].

For the meta-analysis, 6 articles that fulfilled the 
quantitative criteria were included. Two groups were 
established and divided into North and West regions, fol-
lowing the standardization of the DF ≤ TF4 and DF ≥ TF5 
grades to categorize the severity grades.

The analysis brings us first to the northern region, 
where Molina Frechero established, as Ontiveros et 
al. did, that all recollected water samples exceeded the 
national parameters [7] and that all the studied popula-
tions presented some dental fluorosis grade.

Along with the DF severity, Molina Frechero [6] 
reported that 71% of the population had a severe den-
tal fluorosis grade (≤ TF5), and all of the participants 
had been residing in this place since birth. This finding 
is important and matches the findings of Ontiveros [25]. 

Table 1  Characteristics of the studies included in the systematic review (n = 11)
Author and year of 
publication

Study site Study population (n) Degrees of severity of dental fluorosis 
(Dean or TF index).

Fluoride 
concen-
tration in 
water.

Jarquín-Yañez (2015) San Luis Potosí (n = 111) TF4-TF5 (n = 33)
TF6-TF7 (n = 50)
TF8-TF9 (n = 28)

4.13 mg/L

Escobar-García (2015) San Luis Potosí (n = 83) TF4-TF5 (n = 26)
TF6-TF7 (n = 35)
TF8-TF9 (n = 22)

3.9–
5.3 mg/L

Aguilar-Díaz (2016) Guanajuato. (n = 307) TF0 (n = 25)
TF1-TF2 (n = 54)
TF3-TF4 (n = 66)
TF5-TF6 (n = 124)
TF7-TF8 (n = 36)
TF9 (n = 2)

4.42 ppm

Molina-Fechero (2017) Durango (n = 308) TF2-TF3 (n = 99)
TF4-TF5(n = 172)
TF6-TF7 (n = 37)

2.51–5.14 
ppm

Jarquín Yañez (2018) San Luis Potosí (n = 230) TF2-TF5 (n = 191)
TF6-TF9 (n = 39)

2.00–
6.00 mg/L

Contreras-Espinoza. (2018) Zacatecas (n = 207) Normal (n = 66)
Questionable (n = 75)
Very Mild (n = 20)
Mild (n = 21)
Moderate (n = 21)
Severe (n = 4)

> 1ppm

Tremillo-Maldonado (2020) Durango (n = 26) TF0 (n = 1)
TF1-TF4 (n = 15)
TF5-TF9 (n = 10)

4–7 ppm

Duran-Merino (2020) Durango (n = 47) TF1-TF4 (n = 24)
TF5-TF9 (n = 23)

> 4 ppm

Ontiveros (2020) Chihuahua (n = 100) Normal (n = 2)
Questionable (n = 6)
Very Mild (n = 8)
Mild (n = 13)
Moderate (n = 19)
Severe (n = 52)

2.06–
2.74 mg/L

Farías (2021) Guanajuato (n = 39) Normal (n = 6)
Questionable (n = 1)
Very Mild (n = 18)
Mild (n = 10)
Moderate (n = 2)
Severe (n = 2)

3.7–
4.9 mg/L

González-Dávila (2021) Aguascalientes (n = 1052) Normal (n = 596)
Mild (n = 346)
Moderate (n = 88)
Severe (n = 21)

1.16–6.27 
ppm
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These findings indicate that 92% of the population in 
the four studied localities presented any dental fluorosis 
grade, the most remarkable fact was that 100% of dental 
fluorosis incidence was observed in the age group of 31 
to 40 years. This contrast must be analyzed since a person 
exposed to high fluoride concentrations, mainly because 
of drinking water for an extended period, such as since 
birth, is more likely to develop DF.

Farias [26] from the West Region, where the prevalence 
of dental fluorosis is 80% in children aged 6 to 14 years, 
suggests that exposure to fluoride at young ages pro-
motes the development of this pathology.

Ontiveros [25] mentioned that high fluoride concentra-
tions in drinking water represents a public health prob-
lem due to the health consequences of those who are 

exposed. Aguilar Diaz [21] reported in Guanajuato State, 
which belongs to the western region, one of the highest 
fluoride concentrations, 4.42 ppm, which is closely linked 
to 91.1% of the studied population presenting any dental 
fluorosis grade. Despite reports of a very high fluoride 
concentration, only 61.6% of this population exhibited 
severe disease (≤ TF5). Given that a greater percentage of 
severe affectation due to the high fluoride concentration 
in water could be expected, the same was shown in the 
Farías [26] study, which reported a lower fluoride con-
centration in comparison with the reports from Aguilar-
Diaz [20]. 82% of the population has any dental fluorosis 
grade, but 45% of the population has mild fluorosis; as 
mentioned by the author, only 2% of the population con-
sumes well and/or tap water, therefore, the population 

Table 2  Patient characteristics (n = 6) included in the meta-analysis
Author and year of 
publication

Place and population studied (n) Severity DF ≤ 4 Severity DF ≥ 5 Fluoride 
concentra-
tion in 
water.

Northern 
region

Molina-Frechero (2017) Ciudad de Durango (n = 308) 99 (32.14%) 209 (67.86%) 3.84 ppm
Ontiveros (2020) Chihuahua (n = 100) 29 (29%) 71 (71%) 2.29 ppm

Western 
region

Aguilar-Díaz (2016) Guanajuato (n = 307) 118 (38.43%) 189 (61.57%) 4.42 ppm
Contreras-Espinoza (2018) Zacatecas (n = 207) 182 (87.92%) 25 (12.08%) 1ppm
Farías (2021) Guanajuato (n = 78) 72 (92.30%) 6 (7.70%) 2.1 ppm
González-Dávila (2021) Municipio Aguascalientes

(n = 625)
613 (98.08%) 12 (1.92% 1.90 ppm

Municipio Calvillo y Rincón de Romos 
(n = 152)

148 (97.36%) 4 (2.64%) 1.25 ppm

Fig. 4  Forest plot of the severity of DF in the northern and western region
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is less exposed, which coincides with the findings of 
González-Dávila [27] in Aguascalientes, a zone with high 
fluoride concentration in drinking water and dental fluo-
rosis; however, the author established that, while being 
an endemic zone, only 9.9% of the participants consumed 
tap water, which could explain why high water fluoride 
concentrations but low populations with severe dental 
fluorosis grades were reported. As shown in the research 
by Contreras-Espinoza [22] in Zacatecas, given that a DF 
incidence ≥ TF4 was mentioned as an endemic zone, this 
information could be due to the characteristics of the 
studied population, such as its socioeconomic level. Only 
a 1 ppm fluoride concentration is mentioned, as Guti-
errez [29] reports that, according to the data from the 
National Water Commission, in this region, individuals 
between the ages 2017 and 2019 were found to consume 
a fluoride water concentration 114 times higher than the 
permitted limit, oscillatory values ranging from 0.20 to 
22.29 mg/L.

In other studies conducted in other Mexican regions, as 
evidenced in this study, drinking water fluoride concen-
trations were reported to be above certain limits [30–33] 
but any of these studies had the several cases of dental 
fluorosis like the reported in the North and Western 
region. Severe dental fluorosis is evident in North Region 
states, possibly because the well water from this region 
has a high prevalence of minerals considered toxic, such 
as fluoride and arsenic, since well excavation for water 
extraction increases mineral concentrations; even bot-
tled-water fluoride concentrations should be taken into 
account, as De la Cruz Cardozo [34] mentioned, where 

it is evidenced that North Region states possessed higher 
fluoride concentrations than the normative limit in this 
kind of water. According to studies in the western region, 
a low percentage of the settlers in the included zones con-
sumed tap water and/or well water; therefore, they were 
less exposed to these high fluoride concentrations, which 
explains the lower severity grades. Due to these factors, 
the quantitative analysis revealed a greater positive ten-
dency in the northern region (2.19 [95% CI 1.87, 2.56]) 
than in the western region (0.21 [95% CI 0.18, 0.24]).

All the studies included in the systematic review and 
meta-analysis reported that the studied population had 
any dental fluorosis severity grade or high drinking water 
fluoride concentration; however, other variables, such as 
geographic conditions of these zones, latitude, height, 
and drinking water origin, especially in deep-well zones 
or volcanic locations, must be considered because of the 
high mineral concentrations [35–37].

The collected data revealed that the consumption of 
water with high fluoride concentrations and different 
dental fluorosis severity grades, mainly severe grade, are 
directly related, but the water fluoride concentration can-
not be considered the only variable [38, 39]. A deeper 
search is needed to evaluate other variables which could 
participate in the development of the dental fluorosis, 
and determinate if those variables can act together to 
aggravate the vulnerability of this population. The use of 
fluoridated toothpaste, even though development of den-
tal fluorosis is mostly related to the fluoride intake and 
not in the topic use, can increase the risk to develop more 
severe grades of dental fluorosis.

Fig. 5  Funnel plot for the measurement of publication bias in the northern and western
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Within the strengths of the present research, it is nec-
essary to be mentioned that it’s the first review to deter-
minate the region which has a higher association within 
the principal variable, fluoride intake by drinking water, 
and the grades of dental fluorosis severity in two endemic 
areas.

About the limitations, it could be mentioned the aggru-
pation of the indexes made to categorize the grades of the 
severity of dental fluorosis, given the differences in both 
indexes, also heterogeneity of the selected studies must 
be considered because some zones report high fluoride 
concentrations in water, but the size of the sample is 
potentially insufficient and cannot verify the real prob-
lem, the lack of the longitudinal studies in the area as the 
missing criteria concerning the valuation of the origin of 
water ingestion are missing because most of the popula-
tion of the western zone does not drink tap water.

Conclusions
The present investigation showed that the northern and 
western regions of the Mexican Republic manage con-
centrations of fluoride in water above the standard estab-
lished by the Mexican Government. However, it was 
observed that in the Northern region exists an elevated 
concentration of fluoride in drinking water compared 
with the Western region as well as a prevalence of higher 
severity cases of dental fluorosis, which indicates a major 
positive tendency in the association between fluoride 
intake from drinking water and the severity of dental 
fluorosis. Studies with similar characteristics should be 
carried out, covering other variables that could lead to 
greater retention of fluoride in the body.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12903-024-04472-7.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
Conceptualization, J.G., D.A.-O., N.M.-F., and R.B.-M; methodological design of 
the study, J.G., D.A.-O., N.M-F., R.B.-M, and L.S.-P; data collection and analysis, 
A.P.-R, M.A.I.-E, J.S.-P and L.F.E.-C. Writing the original draft, J.G., D.A.-O. and 
N.M.-F.; revision of the article, J.G., D.A.-O., N.M.-F., R.B.-M., R.G.-G. and M.G.P-G. 
All the authors have read and agreed to the published version of the 
manuscript.

Funding
This research was financed by the Consejo Nacional de Humanidades, Ciencias 
y Tecnologías (CONAHCYT) and the Universidad Autónoma Metropolitana as 
well as by the Mexico-Uruguay Joint Cooperation Fund (AMEXID-AUCI).

Data availability
Datasets generated during and/or analyzed during the present study may be 
requested from the corresponding author.

Declarations

Conflict of interest
The authors declare that they have no conflicts of interest.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Institutional Review Board Statement
Not applicable.

Author details
1Master’s Degree in Dental Sciences, Universidad Autónoma 
Metropolitana Unidad Xochimilco, Mexico City, Mexico
2Medical Sciences Research Institute. Clinical Department, Centro 
Universitario Los Altos, Universidad de Guadalajara (UdG) Tepatitlán de 
Morelos, Jalisco, Mexico
3Master’s Degree in Dental Sciences, Institute of Biomedical Sciences, 
Universidad Autónoma Ciudad Juárez, Ciudad Juárez, Chihuahua  
32310, Mexico
4Universidad Juarez del Estado de Durango, Durango, Mexico
5Universidad de la República, Montevideo, Uruguay

Received: 13 February 2024 / Accepted: 10 June 2024

References
1.	 Ramesh M, Narasimhan M, Krishnan R, Chalakkal P, Aruna RM, Kuruvilah S. 

The prevalence of dental fluorosis and its associated factors in Salem district. 
Contemp. Clin Dent. 2016;7(2):203–8.

2.	 Rojanaworarit C, Claudio L, Howteerakul N, Siramahamongkol A, Ngern-
thong P, Kongtip P, Woskie S. Hydrogeogenic fluoride in groundwater and 
dental fluorosis in Thai agrarian communities: a prevalence survey and 
case–control study. BMC Oral Health. 2021;21(1):545. https://doi.org/10.1186/
s12903-021-01902-8.

3.	 Liu Y, Téllez-Rojo M, Hu H, Sánchez BN, Martinez-Mier EA, Basu N, Mercado- 
García A, Solano-González M, Peterson KE. Fluoride exposure and pubertal 
development in children living in Mexico City. Environ Health. 2019;18(1):26. 
https://doi.org/10.1186/s12940-019-0465-7.

4.	 Wei W, Pang S, Sun D. The pathogenesis of endemic fluorosis: Research 
progress in the last 5 years. J Cell Mol Med. 2019;23(4):2333–42. https://doi.
org/10.1111/jcmm.14185.

5.	 Jarquín-Yañez L, de Jesús Mejía-Saavedra J, Molina-Frechero N, Gaona E, 
Rocha-Amador DO, López-Guzmán OD, Bologna-Molina R. Association 
between urine fluoride and dental fluorosis as a toxicity factor in a rural 
community in the state of San Luis Potosi. Scient World J. 2015; 2015:648174. 
https://doi.org/10.1155/2015/647184.

6.	 Molina-Frechero N, Nevarez-Rascón M, Nevarez-Rascón A, González-González 
R, Irigoyen-Camacho M, Sánchez-Pérez L, López-Verdin S, Bologna-Molina 
R. Impact of Dental Fluorosis, Socioeconomic Status and Self-Perception in 
adolescents exposed to a high level of Fluoride in Water. Int J Environ Res 
Public Health. 2017;14(1):73. https://doi.org/10.3390/ijerph14010073.

7.	 Secretaria de Salud. NOM-201-SSAI-2015, Productos Y Servicios. Agua y hielo 
para consumo humano, envasados y a granel. Especificaciones sanitarias. 
México: Diario Oficial de la Federación; 2022.

8.	 Vázquez-Bojórquez C, López-Verdín S, Villanueva-Arriaga R, Castañeda-
Castaneira E, Juárez-López MLA, Molina-Frechero N. Fluoruros en agua de 
consumo al norte y occidente de México [Fluorides in water for consump-
tion in northern and western Mexico]. Rev Med Inst Mex Seguro Soc. 
2022;60(2):179–87.

9.	 Secretaria de Salud. NOM-040-SSA1-1993, Bienes Y Servicios. Sal Yodada Y 
Sal Yodada fluorurada. Especificaciones sanitarias. México: Diario Oficial de la 
Federación; 2023.

https://doi.org/10.1186/s12903-024-04472-7
https://doi.org/10.1186/s12903-024-04472-7
https://doi.org/10.1186/s12903-021-01902-8
https://doi.org/10.1186/s12903-021-01902-8
https://doi.org/10.1186/s12940-019-0465-7
https://doi.org/10.1111/jcmm.14185
https://doi.org/10.1111/jcmm.14185
https://doi.org/10.1155/2015/647184
https://doi.org/10.3390/ijerph14010073


Page 11 of 11Gamarra et al. BMC Oral Health          (2024) 24:708 

10.	 Valdez-Jimenez L, Calderon-Hernández J, Córdova-Atilano R, Sandoval-Agui-
lar SY, Alegría-Torres JA, Costilla-Salazar R. Rocha Amador, D. Level of exposure 
to fluorides by the consumption of different types of milk in residents from 
an area of Mexico with endemic hydrofluorosis. Pediatr. 2019;90(6):342–8.

11.	 Jiménez-Córdova MI, González-Horta C, Ayllón-Vergara JC, Arreola-Mendoza 
L, Aguilar-Madrid G, Villareal-Vega EE, Barrera-Hernández Á, Barbier OC, Del 
Razo LM. Evaluation of vascular and kidney injury biomarkers in Mexican 
children exposed to inorganic fluoride. Environ Res. 2019;169:220–8. https://
doi.org/10.1016/j.envres.2018.10.028.

12.	 PROSPERO. Prospective international registry of systematic reviews. National 
Institute for Health Research (NIHR). Available online: https://www.crd.york.
ac.uk/prospero/.

13.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020 statement: 
an updated guide to systematic review reporting. BMJ. 2021;29:n71. https://
doi.org/10.1136/bmj.n71.

14.	 Morgan RL, Whaley P, Thayer KA, Schünemann HJ. Identifying the PECO: 
a framework for formulating good question to explore the association of 
environmental and other exposures with health outcomes. Environ Int. 
2018;121(Pt 1):1027–31. https://doi.org/10.1016/j.envint.2018.07.015.

15.	 Joanna Briggs Institute (JBI). JBI Critical Appraisal Tools (Checklist for cross-
sectional, case–control and cohort studies). Available online: https://jbi.
global/critical-appraisal-tools.

16.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M, Welch V. 
Cochrane Handbook for Systematic Reviews. of Interventions Version 
6.0 (Updated July 2019). Available online: https://training.cochrane.org/
handbook/current.

17.	 McGuinness LA, Higgins JPT. Risk of bias visualization (Robvis): an R package 
and Shiny web application for visualizing risk of bias assessments. Synth Res 
Methods. 2020;12:55–61. https://doi.org/10.1002/jrsm.1411.

18.	 Jarquín-Yañez L, Mejía-Saavedra JJ, Molina-Frechero N, Gaona E, Rocha-
Amador DO, López-Guzmán OD, Bologna-Molina R. Association between 
urine fluoride and dental fluorosis as a toxicity factor in a rural com-
munity in the state of San Luis Potosi. Sci World J. 2015. https://doi.
org/10.1155/2015/647184.

19.	 Escobar-García D, Mejía-Saavedra J, Jarquín-Yáñez L, Molina-Frechero N, 
Pozos-Guillén A. Collagenase 1A2 (COL1A2) gene A/C polymorphism in 
relation to severity of dental fluorosis. Community Dent Oral Epidemiol. 
2016;44(2):162–8.

20.	 Aguilar-Diaz FDC, De la Fuente-Hernández J, Cintra-Viveiro CA. Dental 
fluorosis, fluoride in urine, and nutritional status in adolescent students living 
in the rural areas of Guanajuato. Mexico J Int Soc Prev Community Dent. 
2016;6(6):517–22.

21.	 Jarquín-Yáñez L, Alegría-Torres JA, Castillo CG. De Jesús Mejía-Saavedra, J. 
Dental fluorosis and a polymorphism in the COL1A2 gene in Mexican chil-
dren. Arch Oral Biol. 2018;96:21–5.

22.	 Contreras-Espinoza TG, Medrano-Cortés E, Franco-Trejo CS, Álvarez-Morales 
GM, Medrano-Rodríguez JC. Prevalencia Y grado de fluorosis according to El 
Nivel socioeconómico en estudiantes de odontología. Rev Invest Ciencias De 
La Salud. 2018;13(1):143–6.

23.	 Tremillo-Maldonado O, Molina-Frechero N, González-González R, Damián-
Matsumura P, Sánchez-Pérez L, Sicco E, Suarez M, Bologna-Molina R. DNA 
sequencing reveals AMELX, ODAM and MMP20 variations in dental fluorosis. 
Arch Oral Biol. 2020;110. https://doi.org/10.1016/j.archoralbio.2019.104626.

24.	 Duran-Merino D, Molina-Frechero N, Sánchez-Pérez L, Nevárez-Rascón M, 
González-González R, Tremillo-Maldonado O, Cassi D, Bologna-Molina R. 
ENAM Gene Variation in students exposed to different fluoride concentra-
tions. Int J Environ Res Public Health. 2020;17(6). https://doi.org/10.3390/
ijerph17061832.

25.	 Ontiveros-Terrazas AV, Villalobos-Aragón A, Espejel-García VV, Espejel-García 
D. Groundwater Quality and its impact on Health: a preliminary evaluation 

of Dental Fluorosis in Julimes, Chihuahua. Mexico J Water Resour Prot. 
2020;12(7):545–57.

26.	 Farías P, Estevez-García JA, Onofre-Pardo EN, Pérez-Humara ML, Rojas-Lima E, 
Álamo-Hernández U, Rocha-Amador DO. Fluoride exposure through different 
drinking water sources in a Contaminated Basin in Guanajuato, Mexico: a 
deterministic Human Health Risk Assessment. Int J Environ Res Public Health. 
2021;18(21). https://doi.org/10.3390/ijerph182111490.

27.	 González-Dávila O. Dental Fluorosis in Children from Aguascalientes, Mexico: 
a Persistent Public Health Problem. Water. 2021;13(8). https://doi.org/10.3390/
w13081125.

28.	 Kotecha PV, Patel SV, Bhalani KD, Shah D, Shah VS, Mehta KG. Prevalence of 
dental fluorosis and dental caries in association with high levels of drink-
ing water fluoride content in a district of Gujarat, India. Indian J Med Res. 
2012;135(6):873–7.

29.	 Gutiérrez M, Alarcón-Herrera MT. Fluoruro en aguas subterráneas de la 
región centro-norte de México y su posible origen. Rev Int Contam Ambient. 
2022;38:389–97. https://doi.org/10.20937/rica.54307.

30.	 Martínez-Prado MA, Pérez-López ME, Villanueva-Fierro I, González-Nevarez 
C. Behavior of Arsenic and Fluoride concentration in Guadiana Valley Aquifer 
of Durango, Mexico. J Environ Prot. 2013;4:14–20. https://doi.org/10.4236/
jep.2013.412A2003.

31.	 García- Pérez A, Irigoyen-Camacho ME, Borges-Yáñez A. Fluorosis Y caries 
dental en escolares mexicanos que residen en áreas con diferentes con-
centraciones de fluoruro en El agua y que reciben sal fluorada. Caries Res. 
2013;47:229–308.

32.	 Martínez-Acuña MI, Mercado-Reyes M, Alegría-Torres JA, et al. Prelimi-
nary human health risk assessment of arsenic and fluoride in tap water 
from Zacatecas, Mexico. Environ Monit Assess. 2016;188(8). https://doi.
org/10.1007/s10661-016-5453-6.

33.	 Izquierdo-Vega JA, Sánchez-Gutiérrez M, Sánchez Peña L, Martínez-Acuña M, 
Del Razo L. Arsenic and fluoride in drinking water in the city of Tula, Mexico: 
challenges and lessons learned. Water Air Soil Poll. 2022;233(6). https://doi.
org/10.1007/s11270-022-05674-x.

34.	 De la Cruz-Cardoso D, Chaires IC, Mejía MA, Cervantes Sandoval A, Bolaños 
PP. Análisis De La concentración De fluoruro en aguas embotelladas de 
diferentes entidades federativas de la República Mexicana. Rev ADM. 
2013;70(2):81–90.

35.	 Pérez-Pérez N, Torres-Mendoza N, Borges-Yáñez A, Irigoyen-Camacho ME. 
Fluorosis dental: concentración de fluoruro en El agua potable y consumo de 
bebidas embotelladas en escolares. J Clin Pediatr Dent. 2014;38(4):338–44.

36.	 Gutiérrez M, Alarcón-Herrera MT, Gaytán-Alarcón AP. Arsenic and fluorine 
in groundwater in northern Mexico: spatial distribution and enrichment 
factors. Environ Monit Assess. 2023;195(1):212. https://doi.org/10.1007/
s10661-002-10818-x.

37.	 Alarcón-Herrera MT, Martin-Alarcón DA, Gutiérrez M, Reynoso-Cuevas L, Mar-
tín-Domínguez A, Olmos-Márquez MA, et al. Co-occurrence, possible origin, 
and health-risk assessment of arsenic and fluoride in drinking water sources 
in Mexico: geographical data visualization. Sci Total Environ. 2020;698:134168. 
https://doi.org/10.1016/j.scitotenv.2019.134168.

38.	 EFSA Panel on Dietetic Products. Nutrition, allergies. Scientific opinion on 
dietary reference values for fluoride. EFSA J. 2013;11:3332.

39.	 European Union. Critical Review of Any New Evidence on the Hazard Profile, 
Health Effects, and Human Exposure to Fluoride and the Fluoridating Agents 
of Drinking Water; EC: Brussels, Belgium. 2010; 59p.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.envres.2018.10.028
https://doi.org/10.1016/j.envres.2018.10.028
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.envint.2018.07.015
https://jbi.global/critical-appraisal-tools
https://jbi.global/critical-appraisal-tools
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1155/2015/647184
https://doi.org/10.1155/2015/647184
https://doi.org/10.1016/j.archoralbio.2019.104626
https://doi.org/10.3390/ijerph17061832
https://doi.org/10.3390/ijerph17061832
https://doi.org/10.3390/ijerph182111490
https://doi.org/10.3390/w13081125
https://doi.org/10.3390/w13081125
https://doi.org/10.20937/rica.54307
https://doi.org/10.4236/jep.2013.412A2003
https://doi.org/10.4236/jep.2013.412A2003
https://doi.org/10.1007/s10661-016-5453-6
https://doi.org/10.1007/s10661-016-5453-6
https://doi.org/10.1007/s11270-022-05674-x
https://doi.org/10.1007/s11270-022-05674-x
https://doi.org/10.1007/s10661-002-10818-x
https://doi.org/10.1007/s10661-002-10818-x
https://doi.org/10.1016/j.scitotenv.2019.134168

	﻿Association between fluoride intake from drinking water and severity of dental fluorosis in Northern and Western Mexico: systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Research design
	﻿Protocol and registration
	﻿Population, exposure, control and outcome. PECO strategy
	﻿Eligibility criteria
	﻿Inclusion criteria
	﻿Exclusion criteria


	﻿Information sources
	﻿Search strategy
	﻿Selection process
	﻿Data collection process
	﻿Information data
	﻿Methodological quality assessment and risk of bias
	﻿Effect measures
	﻿Synthesis methods
	﻿Results
	﻿Study selection



