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OBJECTIVES: The aim of this study was to determine whether geographic location, socioeconomic status, infant mortality,
and mortality from diarrheal disease in health regions are associated with the provision of community water fluoridation
(CWEF) in Brazilian municipalities.

METHODS: A multilevel ecological study was conducted based on data from the National Survey of Basic Sanitation and Hu-
man Development Atlas. A multilevel analysis was carried out considering Brazilian municipalities as the first level and health
regions as the second level, comprising sanitation, demographic, socioeconomic, and health characteristics.

RESULTS: The observation units comprised 5,565 municipalities clustered in 438 health regions in Brazil. The lack of CWF
provision was positively associated with the following municipal characteristics: a below-median proportion of inhabitants cov-
ered by the sewage network, medium to very low human development index, below-median per capita gross domestic product,
and an above-median percentage of expenditures on sanitation. In relation to the health regions, the likelihood of a lack of
CWEF provision was greater in the municipalities belonging to the health regions located in the Northern and Northeastern ar-
eas of Brazil and in those where child mortality due to acute diarrheal disease and the proportion of people with low income
were higher when adjusted by municipal indicators.

CONCLUSIONS: Information on the characteristics associated with CWF provision constitutes important input for refocusing
public policy to reduce inequalities among Brazilian municipalities and health regions. These findings may help policy-makers

to understand the challenges facing CWF expansion in low-, middle-, and high-income countries.
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INTRODUCTION

Environmental conditions, most notably sanitation conditions,
are a noteworthy dimension of development and one of the most
significant determinants of health [1]. Untreated tooth decay is
the most prevalent disease worldwide and strategies with recog-
nized effectiveness for its control at the population level, such as
fluoride-adjusted water and toothpaste, should be prioritized [2].

Despite the importance of such measures, inequalities in cover-
age among federative units can still be found in countries that
provide water fluoridation, such as among states and territories in
Canada, the United States, and Australia, and among municipali-
ties in Brazil [3]. The level of human development and population
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size are connected with the provision of water fluoridation [1,4].
The provision of community water fluoridation (CWF) is also re-
lated to the coverage of sanitation services, provider characteris-
tics, the percentage of the urban population, and the geographic
location of the municipality in the country [5,6].

When health events are investigated, specific risk factors are
usually evaluated separately. However, when more comprehensive
investigations are carried out, it may be possible to observe close
relationships between the environment and the outcomes studied
[7]. Thus, certain socioeconomic and health conditions that char-
acterize the territorial context of municipalities could be associat-
ed with the implementation of public health strategies, such as
CWE Territories with high social vulnerability are characterized
by high child mortality rates, a high prevalence of diarrheic dis-
eases, and a high proportion of low-income people.

Mortality caused by diarrheic diseases is closely related to sani-
tation and environmental conditions as a whole [8,9], which, in
turn, depend on the quality of hydric resources [10]. Inadequate
drinking water, sanitation (sewer connections), and hygiene (hand-
washing) are important risk factors for diarrheic diseases [11].
From 2000 to 2015, 8.5% of deaths of under-5 children were caused
by diarrheic diseases [12]. The United Nations defined in its agen-
da for sustainable development that, by 2030, all avoidable deaths
of newborns and under-5 children should no longer occur; and
that all countries should reduce total mortality in those age groups
to less than 25 per 1,000 live births [13]. High poverty areas usu-
ally have precarious sanitation and vice-versa [11,14].

Sanitation conditions, family income, and access to public health
strategies are often associated with child mortality; therefore, im-
munization, control of infectious diseases, and access to treated
water are considered effective control measures [15,16]. In this
sense, scientific information on the association between territorial
characteristics related to the federative units of a country and the
provision of public health strategies (for instance, CWF) could be
extremely helpful as a way to provide new directions for public
policies. Considering the lack of knowledge about the implications
of territorial conditions on CWF provision, the present study aimed
to determine whether geographic location, socioeconomic condi-
tions, child mortality, and mortality due to diarrheic diseases were
associated with the lack of CWF provision in Brazilian munici-
palities analyzed according to health regions.

MATERIALS AND METHODS

We undertook a cross-sectional multilevel ecological study in-
volving all Brazilian municipalities based on information from
official agencies. Brazilian municipalities were distributed into
438 health regions, organized according to inter-municipal ar-
rangements determined at the state level, aimed at integrating the
organization, planning, and execution of health actions and ser-
vices [17]. Regionalization is a strategy of the health sector that,
among other aspects, is aimed at improving the response capacity
and degree of accountability concerning the health needs of the
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population [18].

The variables at the first and second levels were selected in or-
der to verify the possible associations between characteristics of
the health regions and the provision of fluoridation by municipal-
ities.

Data sources

The 2010 Demographic Census contained information on the
characteristics of households and their residents. The National
Research on Basic Sanitation (Pesquisa Nacional de Saneamento
Bdsico - PNSB) provided data on basic sanitation conditions in
2008 for all Brazilian municipalities [19]. The Atlas of Human
Development had indicators for all Brazilian municipalities and
states [20]. The web portal of the Informatics Department of Bra-
zilian Health System (DATASUS) offered data on life statistics
(mortality and live births), morbidity, incapacity, access to health
services, procedures of healthcare, living conditions and environ-
mental factors [21]. The web portal of the Secretariat of the Na-
tional Treasury provided accounting and fiscal information of
states, municipalities, and the Federal District [22].

Outcome variable
The outcome was defined as the lack of CWF provision in the
municipality obtained from the PNSB.

Characteristics of the municipalities (level 1)

The variables related to the municipalities were the percentage
of households served by water distribution system and by sewer-
age and wastewater collection systems (data were provided by the
2010 Demographic Census, and the median values of both per-
cent values were used); population size (estimates for 2010 were
used and separated into 3 categories— < 10,000, 10,000-50,000,
and >50,000—according other studies [4]); the percentage of the
population living in the urban area of the municipality (provided
by the 2010 Demographic Census; the quartiles of the distribution
were calculated and the municipalities were grouped into 2 cate-
gories: urban population <47 and >47%); the gross domestic
product (GDP) per capita defined by dividing the GDP of the
municipality by the number of inhabitants (the values were pre-
sented in Brazilian reais, using values from 2010 for reference, and
the median values were used to categorize GDP as <12,867 and
> 12,867 reais); the percentage of expenditures spent on sanitation
in the municipality from 2005 to 2008, defined by dividing those
expenses by the total expenses spent on all sectors and multiply-
ing the result by 100 (data were provided by Secretariat of the Na-
tional Treasury and the median value was used to categorize the
variable); and the municipal human development index (MHDI),
which is a measure composed of 3 dimensions (longevity, educa-
tion, and income) that has values ranging from 0 to 1, with values
closer to 1 indicating higher the human development (using 2010
data, 3 categories were defined: very low and low [ <0.599]; medi-
um [0.600-0.699]; and high and very high [>0.700]).
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Characteristics of the health regions (level 2)

The Brazilian health system has recognized the importance of
contextual factors for health events, and the health regions identi-
fied by municipal and state managers, based on cultural, econom-
ic, and social identities, communication networks, and shared
transportation infrastructure are the expression of the institution-
al efforts in this direction [23]. Considering the conditions that
characterize territories with high social vulnerability, the follow-
ing variables provided by DATASUS for each health region were
selected: the proportion of low-income people (defined by the
proportion of people whose income was lower than 50% of the
minimum wage, using values from 2010, when that value was
$510.00 Brazilian reais); the infant mortality rate (defined by the
number of deaths of those under the age of 1 per 1,000 live births);
and the mortality rate due to acute diarrheic disease (ADD), de-
fined as the percentage of under-5 children deaths caused by ADD
according to the codes from A0l to A09 from International Sta-
tistical Classification of Diseases and Related Health Problems,
10th revision. All variable values were grouped into tertiles for the
analysis.

The geographic locations of the health regions were analyzed.
Health regions were distributed across the 5 main Brazilian geo-
graphic divisions (North, Northeast, Southeast, South, and Mid-
west); this classification has been used in studies related to the pro-
vision of sanitation services [24]. A previous study showed une-
ven coverage of CWF between the South/Southeast and North/
Northeast macro-regions [6,25], a trajectory that seems to follow
the history of the implementation of other essential public servic-
es, such as access to the general water system and the electric en-
ergy system [26].

Statistical analysis

At first, the lack of CWF provision was evaluated in the presence
of each variable at both levels (municipality and health regions).
Next, we calculated the prevalence ratios (PRs) and respective 95%
confidence intervals (Cls) using Poisson regression with robust
variance. A multiple analysis was then carried out, including all
level 1 variables, aimed at verifying which municipal characteris-
tics would remain associated in the presence of all the others. The
other models were constructed to check whether characteristics
connected with the health regions would affect the outcome, and
to assess the effect of first level variables on the outcome. For that
purpose, a multilevel Poisson regression analysis was carried out
using a random-effects model. Level 1 variables were included in
all models, and for each multilevel model a level 2 variable was
aggregated, thus resulting in a total of 4 models. The -2 log-likeli-
hood statistic was used to evaluate the adjustment quality of the
models. Stata version 12 (StataCorp., College Station, TX, USA)
was used.

Ethics statement
The research used data from census and other official sources,
of public access. According to the Resolution of the National

Health Council (CNS) No. 510, of April 7, 2016, no mandatory
evaluation by the national system of research ethics committees is
needed.

RESULTS

Out of the 5,565 Brazilian municipalities, 60% had water fluori-
dation services. Data on the water distribution system (n=5) and
sewerage and wastewater collecting system (n=111) were not
available for a few municipalities. There were 438 health regions,
and information on the variables gathered at this level was not
lacking. Table 1 presents the distribution of the outcome among
variable categories at both levels. A lack of CWF was more fre-
quent in municipalities with values lower than the medians of the
sanitation variables, as well as in municipalities with fewer than
10,000 inhabitants and in those where the MHDI was low/very
low. A lower percentage of urban area and a lower GDP of the
municipality were associated with a lower likelihood of CWE An
inverse correlation was found as to the percentage of sanitation
investments: municipalities with higher proportional investments
in the sector presented a lower percentage of public policy provi-
sion. In relation to the characteristics of the health regions (sec-
ond-level variables), we observed that the higher tertiles of infant
mortality and mortality caused by ADD were associated with a
lower presence of CWF in the corresponding health regions. The
higher the proportion of low-income people living in the health
region, the most remarkable was the absence of CWF services. In
the health regions in the North macro-region, the absence of
CWF was 90.0% higher than in the other macro-regions.

Table 2 displays the values of the simple analysis for each varia-
ble in the first column, and the adjusted values including only lev-
el 1 variables in the second column. It is worth noting that all var-
iable categories were associated with the outcome, except for sec-
ond-level variables for the Southeast macro-region (PR, 1.02; 95%
CI, 0.95 to 1.09), which showed no significant difference in com-
parison to the South macro-region, which was used as the refer-
ence. The results demonstrated plausibility for the construction of
the other models. As shown in the second column, the percentage
of households served by a water distribution system, population
size, and the percentage of the population living in urban areas
did not maintain an association with the outcome. The low/very
low category of the 2010 MHDI was associated with a lack of
CWE (PR, 1.29; 95% CI, 1.19 to 1.40), followed by the medium
category (PR, 1.17; 95% CI, 1.10 to 1.25). When compared to are-
as with higher-than-median values, those with a lower-than-me-
dian GDP per capita showed 16% higher odds of not providing
CWE

Table 3 displays the multilevel analysis models constructed to
test the hypothesis of the study. Model 2 included the mortality
rate by ADD and model 3 included the proportion of low-income
people. Concerning these characteristics connected with the health
regions, the first-level variables behaved quite similarly to what
was observed in the previous model, with the same variables cate-
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Table 1. Distribution of sanitation, demographic, socioeconomic,
and health characteristics across municipalities and health regions,
showing the absolute and relative frequency of municipalities that
did not provide community water fluoridation for each variable in
Brazil, 2008

Non-fluoridated,

Characteristics n n (%)
Town-level
Households served by potable water supply (median %)
>72 2,780 765 (27.5)
<72 2,780 1,444 (51.9)
Households served by sewage collection system (median %)
>17 2,727 654 (24.0)
<17 2,727 1,484 (54.4)
Population size
>50,000 608 156 (25.7)
10,000-50,000 2,444 1,003 (41.0)
<10,000 2,513 1,055 (42.0)
Human development level - 2010
Very high and high (>0.700) 1,933 240 (12.4)
Medium (0.600-0.699) 2,233 985 (44.1)
Low and very low (<0.599) 1,399 989 (70.7)
Urban population proportion (median %)
>47 4,174 1,446 (34.6)
<47 1,391 768 (55.2)
Per capita gross domestic product (median)
>12,867 2,782 516 (18.5)
<12,867 2,783 1,698 (61.0)
Budget percentage of sanitation expenditures (median %)
<0.66 2,787 1,002 (35.9)
>0.66 2,778 1,212 (43.6)

Health regions
Deaths due to acute diarrheal disease in under-5 children (tertiles %)

<2.22 146 336 (18.0)
2.22-4.88 146 630 (34.1)
>4.88 146 1,248 (67.5)
Individuals with income below half the minimum wage (tertiles %)
<25.49 146 248 (13.3)
25.49-55.45 146 735 (39.5)
>55.45 146 1,231 (67.0)
Infant mortality rate - deaths per thousand (tertiles)
<16.46 146 348(18.7)
16.46-20.48 146 814 (44.0)
>20.48 146 1,052 (56.9)
Geographic macro-region
South 68 145 (12.2)
Southeast 153 235(14.1)
Midwest 39 212 (45.5)
Northeast 133 1,218 (69.9)
North 45 404 (90.0)
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Table 2. Crude and adjusted values for associations between lack
of water fluoridation provision and municipality and health region-
level characteristics in Brazil, 2008

Characteristics Crude values Model 1

Town-level
Households served by potable water supply (median %)

>72 1.00 (reference)  1.00 (reference)

<72 1.17 (1.11, 1.22)*** 1,04 (0.98, 1.09)
Households served by sewage collection system (median %)

>17 1.00 (reference) 1.00 (reference)

<17 1.23(1.17,1.29)*** 1.10(1.05, 1.16)***
Population size

>50,000 1.00 (reference)  1.00 (reference)

10,000-50,000 1.11(1.02, 1.20)*

<10,000 1.13(1.04, 1.23)**
Human development level - 2010

Very high and high (=0.700) 1.00 (reference)  1.00 (reference)

Medium (0.600-0.699) 1.28(1.20, 1.35)*** 1.17(1.10, 1.25)***

Low and very low (<0.599) 1.50 (1.41, 1.60)*** 1.29 (1.19, 1.40)***
Urban population proportion (median %)

>47 1.00 (reference) 1.00 (reference)

<47 1.13(1.08, 1.20)*** 0.97 (0.92, 1.03)
Per capita gross domestic product (median)

>12,867 1.00 (reference)  1.00 (reference)

<12,867 1.35(1.28, 1.41)*** 1.16 (1.09, 1.23)***
Budget percentage of sanitation expenditures (median %)

<0.66

>0.66

Health regions

Deaths due to acute diarrheal disease in under-5 children (tertiles %)

0.97 (0.89, 1.05)
1.00 (0.92, 1.08)

1.00 (reference)
1.07 (1.02, 1.12)**

1.00 (reference)
1.05 (1.00, 1.10)*

<2.22 1.00 (reference) -
2.2-4.88 1.18(1.10, 1.25)*** =
>4.88 1.28 (1.20, 1.36)*** -

Individuals with income below half the minimum wage (tertiles %)

<2549 1.00 (reference) -
25.49-55.45 1.20 (1.13, 1.28)*** -
>55.45 1.46 (1.38, 1.55)*** -

Infant mortality rate - deaths per thousand (tertiles)

<16.46 1.00 (reference) =
16.46-20.48 1.20(1.13, 1.28)*** -
>20.48 1.32(1.24, 1.47)%** =
Geographic macro-region
South 1.00 (reference) -
Southeast 1.02 (0.95, 1.09) -
Midwest 1.30(1.18, 1.42)*** -
Northeast 1.50 (1.40, 1.59)*** -
North 1.70 (1.55, 1.84)*** =
-2 log-likelihood Null model Model 1
13,365.26 12,855.80

Values are presented as prevalence ratio (95% confidence interval).
*p<0.05, **p<0.01, ***p<0.001.
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Table 3. Adjusted values of associations between the lack of water fluoridation provision and municipality and health region-level charac-

teristics in Brazil, 2008

Characteristics

Model 2

Model 3

Model 4

Model 5

Town-level

Coverage of potable water supply (median %)

>72
<72

Coverage of sewage collection system (median %)

217
<17
Population size
>50,000
10,000-50,000
<10,000
Human development level - 2010
Very high and high (=0.700)

1.00 (reference)
1.04 (0.99, 1.09)

1.00 (reference)

1.10 (1.04, 1.16)***

1.00 (reference)
0.97 (0.90, 1.04)
1.00 (0.92, 1.08)

1.00 (reference)

1.00 (reference)
1.04 (0.99, 1.10)

1.00 (reference)

1.10 (1.04, 1.16)***

1.00 (reference)
0.98 (0.90, 1.06)
1.02(0.94,1.11)

1.00 (reference)

1.00 (reference)
1.04 (0.98, 1.09)

1.00 (reference)

1.11(1.05, 1.17)***

1.00 (reference)
0.97 (0.90, 1.06)
1.01(0.93, 1.09)

1.00 (reference)

1.00 (reference)
1.04 (0.99, 1.10)

1.00 (reference)
1.04(0.98,1.11)

1.00 (reference)
1.03(0.95,1.12)
1.11(1.02, 1.21)*

1.00 (reference)

Medium (0.600-0.699)
Low and very low (<0.599)
Urban population rate (median %)

>47 1.00 (reference)
<47 0.97 (0.92,1.03)

Per capita gross domestic product —Brazilian reais (median)

>12,867 1.00 (reference)

1.17(1.10,1.24)***  1.11(1.04,1.20)**  1.12(1.05, 1.20) **
127 (1.17,1.38)***  1.18(1.07,1.30)**  1.22(1.12,1.33)***  1.05(0.95,1.16)

1.06 (0.99, 1.13)

1.00 (reference)
1.02 (0.96, 1.08)

1.00 (reference)
0.98 (0.92, 1.03)

1.00 (reference)
0.97 (0.92, 1.03)
1.00 (reference)

1.00 (reference) 1.00 (reference)

<12,867 1.14(1.08, 1.22)***  1.13(1.06, 1.20)***  1.15(1.09, 1.23)***  1.00 (0.93, 1.08)

Budget percentage of sanitation expenditures (median %)

<0.66 1.00 (reference)
>0.66 1.07 (1.02, 1.12)**

Health regions
Deaths due to acute diarrheal disease in under-5 children (tertiles %)

1.00 (reference)
1.08 (1.02, 1.13)**

1.00 (reference) 1.00 (reference)
1.06 (1.01, 1.11)**  1.07 (1.02, 1.12)**

<2.22 1.00 (reference) - - -

2.22-4.88

1.06 (1.00, 1.12) - = -

>4.88 1.07 (1.01, 1.14)** = = =

Individuals with income below half the minimum wage (tertiles %)
<25.49 =
25.49-55.45 =
>55.45 =

Infant mortality rate - deaths per thousand (tertiles)
<16.46 =
16.46-20.48 =
>20.48 =

Geographic macro-region
South -
Southeast =
Midwest =
Northeast -
North -

-2 log-likelihood

12,849.208

1.00 (reference) = _
1.06 (1.00, 1.14) - -
1.15(1.05, 1.25)** - _

- 1.00 (reference) -
- 1.11 (1.04, 1.17)*** -
- 1.13(1.05, 1.20)** -

1.00 (reference)

1.04 (0.96, 1.13)
- - 1.28 (1.16, 1.41)***
- - 1.46 (1.33,1.61)***
1.63 (1.47,1.82)%**

12,760.065

12,844.587 12,840.729

Values are presented as prevalence ratio (95% confidence interval).
*p<0.05, **p<0.01, **p<0.001.

gories maintaining associations. The only difference was found in
second-level categories, where only lower tertiles of the mortality
rate by ADD (PR, 1.07, 95% CI, 1.01 to 1.14) and the proportion
of low-income persons (PR, 1.15; 95% CI, 1.05 to 1.25) did not

lose significance. Model 4 included the infant mortality rate. High-
er probabilities of the outcome were associated with the low/very
low category of the MHDI (PR, 1.22; 95% CI, 1.12 to 1.33) and
lower-than-median values of GDP per capita (PR, 1.15; 95% CI,
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1.09 to 1.23). As to the mortality rate, both lower tertiles maintained
the association. In the fifth model, where besides municipalities’
characteristics, geographic location was added, the associations
were maintained for municipalities with fewer than 10,000 inhab-
itants (PR, 1.11; 95% CI, 1.02 to 1.21) and above-median percent-
ages of expenditures spent on sanitation (PR, 1.08; 95% CI, 1.02
to 1.13). The PRs for the geographic location categories remained
close to the values observed in the simple analysis. A high proba-
bility of not having CWF services was found in the health regions
located in the Northeast and North macro-regions (PR, 1.46; 95%
CI, 1.33 to 1.61 and PR, 1.63; 95% CI, 1.47 to 1.82, respectively). It
must be noted that, in all models, the percentage of households
served by a water distribution system lost its association with the
outcome, while municipal expenditures on sanitation remained
associated.

DISCUSSION

This study evaluated the effects of from regional characteristics,
adjusted by factors associated with municipalities, on the lack of
CWEF provision. The associations between the outcomes and mu-
nicipal characteristics reported in other studies were confirmed
[3-5]. However, after the adjustment enabled by model 1, it was
found that lower coverage of sewerage and wastewater collecting
systems, lower human development, lower GDP per capita, and a
higher percentage of expenditures spent on sanitation were
strongly associated with a lack of CWE The main hypothesis of
the study was confirmed—that is, regardless of municipality-level
factors, the absence of CWF provision was associated with terri-
tories that have been historically neglected and have high social
vulnerability, as measured by high levels of poverty, child mortali-
ty, and diarrheic disease.

The results confirmed the association between municipal char-
acteristics and the outcome. In the adjusted analysis, some differ-
ences were found when compared with reports in the literature.
Researchers have suggested that remarkable inequalities in CWF
could be associated with the exclusion of rural districts [6]. In the
present investigation, this relationship was not consistent when
considering other factors related to the municipality. Among a
number of social and economic indicators at the municipal level
investigated in the state of Santa Catarina, Brazil, only the popula-
tion size of the municipalities maintained a significant association
with CWF provision in the presence of other factors [3], a result
that does not match what was found in this study, where popula-
tion size was not associated with the outcome in almost all adjust-
ed models. This discrepancy may be imputed to the fact that this
study analyzed information from all municipalities of the country
while the previous study [3] was restricted to a single state in the
South macro-region. A study comprising all municipalities in the
country found more widespread fluoridation provision in more
populous municipalities with a higher human development level
[4]. In the present study, the human development level remained
associated with the outcome, regardless of other municipality-
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level factors.

A study involving all Brazilian municipalities pointed out a
possible relationship between the quality of sanitation services
provided by companies and CWE Municipalities with lower cov-
erage of water and sewerage systems presented the lowest rates of
CWEF provision [5]. This information was refined in this research.
In the presence of other variables, the percentage of households
served by a water distribution system lost its importance, most
likely due to the high coverage rates (very close to universal in
most municipalities). The findings confirmed the relevance of so-
cioeconomic factors and those involving the quality of the sanita-
tion services in municipalities, particularly the sewerage and
wastewater collecting systems, for the outcome.

Among municipal variables, the only item that maintained an
association with the outcome in all models was expenses spent on
sanitation, showing that higher municipal investment was associ-
ated with a lower probability of provision of CWE A possible ex-
planation is that, in municipalities with higher expenses, the sani-
tation system may be in a state of structural expansion, thus re-
quiring larger investments into that sector by the local manage-
ment. Data on the need for investments per capita to provide uni-
versal sanitation services in Brazil until 2025 showed that the
Southeast macro-region would need half of all investments when
compared with the Northeast macro-region, which is precisely
the one with the worst infrastructure in the country [27].

The practice of adjusting the natural concentration of fluoride
in water treatment plants to improve dental health depends on
multiple factors, including the quality of the sanitation services
rendered, which may vary according to the characteristics of hy-
dric resources in the territory. Sanitation is a complex interven-
tion that might exhibit dynamic interactions between psycholog-
ic-behavioral determinants and environmental, social, cultural,
political, and economic parameters that might operate at different
scales [28]. The present study confirmed that territorial character-
istics connected to the health regions were associated with the
lack of CWF provision.

Infant mortality rates and deaths due to diarrheic disease are
indicators associated with the provision of sanitation services
[16,29]. In the present study, higher mortality rates were associat-
ed with a lack of CWF provision. This result may have immediate
practical implications for public policy coordination. As these are
basic health indicators, reliable data in the regional context are
usually available, thus making it easier to recognize localities like-
ly to lack fluoridation and where CWF implementation must be
prioritized. Moreover, because public policy is connected with
sanitation conditions, the indicators may suggest a need for plan-
ning and regulation activities in the sector, thus leading to the in-
clusion of CWF into the political agenda.

The absence of CWF was associated with municipalities with
lower GDP per capita and regions with higher poverty levels
(model 3). Researchers found that no population groups were ex-
posed to adequate fluoride in drinking water (natural or artificial)
in low-income countries, whereas the corresponding proportion
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was 20.9% in high-income countries. If it is accessible for the en-
tire population, CWF might reduce socioeconomic inequalities in
dental caries [30]. Therefore, the existence of a system or structure
for water treatment and distribution reaching both rich and poor
areas is an essential condition for CWF as a public policy. There is
no other way for CWF to be an immediate protective factor for all
domiciles connected to the system, regardless of the socioeco-
nomic condition of each family [4]. At a country scale, as shown
in this study, there is remarkable inequity in CWF provision, sug-
gesting the need to adjust implementation strategies including an
inter-federative coordination of public policy. Otherwise, federa-
tive countries with 3 levels of government with considerable au-
tonomy and interdependence, as is the case for Brazil, would face
difficulties in reaching the results that would be expected from a
measure with strong potential for promoting equity. In Brazil, a
major reason for the inequality in CWF provision is related to the
sanitation model adopted in the country: the distribution and ac-
cess to fluoridation services were not rooted in the principle of
equity, but were instead predominantly based on a strong entre-
preneurial conception, whereby investments were driven by pub-
lic works that would lead to high profitability and rapid return of
the capital invested [4].

Municipality-level characteristics were not consistently associ-
ated with the outcome when the macro-regions were considered
(model 5), showing that the magnitude of the association increas-
es moving from the South macro-region municipalities towards
those in the North macro-region. This finding seems to reflect the
tremendous territorial inequalities that traditionally marked—
and continue to do so—the social and economic development of
Brazil, producing disparities among Brazilian citizens in educa-
tion, health, and income levels. A comprehensive 5-decade study
showed that inequalities have been markedly reduced over recent
decades, although Brazil remains one of the most unequal coun-
tries in the entire planet. Access to public goods, such as clean
water, sanitary drainage, and electrical power, followed a trajecto-
ry where increasing coverage went from the South and Southeast
macro-regions towards the Midwest, Northeast and North mac-
ro-regions [26]. In the present study, the lack of CWF provision
was connected with that trajectory, resulting from a pattern of so-
cial and economic development that has historically neglected
certain territories inside the country [26]. Oral health data from
2003 and 2010, the 2 largest and earliest surveys in the country,
showed a higher frequency of dental caries for 12-year-old chil-
dren [31] and adults [32] and a lower frequency of dental fluoro-
sis [33] in the Midwest, Northeast, and North macro-regions than
in the South and Southeast macro-regions, where municipalities
had better socioeconomic conditions and CWF provision.

Although the data used in the present study were obtained in
2008 and 2010, the study analyzed phenomena where changes
take place over the medium to long term. Information on the
CWE situation was obtained by means of a questionnaire provid-
ed by the main Brazilian official agency for geography and statis-
tics, and entities that rendered sanitation services; thus, these were

the best and most comprehensive data sources available for CWF
in Brazil. A lack of data for some variables was observed in a small
number of municipalities and would not change the associations
observed. Despite the analytical importance of the study, due to
its cross-sectional nature, no causality can be inferred between
the characteristics analyzed and the outcome.

The findings showed that a lack of CWF provision was associ-
ated with municipal characteristics related to the sewage network,
human development level, GDP per capita, and expenditure on
sanitation. Adjusted by municipal indicators, territorial character-
istics of health regions related to infant mortality, ADD, and the
proportion of people with low income were also associated with a
lack of CWE Information on the characteristics associated with
CWEF provision in the municipalities is relevant for a re-orienta-
tion of public policies to reduce inequalities among Brazilian re-
gions and between municipalities concerning CWF implementa-
tion. These findings may help policy-makers to understand the
challenges facing CWF expansion in low-, middle-, and high-in-
come countries.
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