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ABSTRACT

Introduction: This study identified the range of fluoridation levels, mapped the spatial pattern of the fluoridated
public water supply, and correlated by mapping it with the caries trends of preschool children in Pahang. Materials
and methods: Secondary data on fluoride level readings in water supply from reticulation points of water treatment
plants (WTP) and dental caries experience of preschool children in Pahang from 2015 to 2019 was obtained from
the Ministry of Health’s Health Information System. Each WTP's Global Positioning System (GPS) coordinates were
verified in Google Maps and Google Street View and further analysed using Quantum Geographic Information Sys-
tem (QGIS). Results: All WTPs have had a suboptimal fluoride range (below 0.4 ppm) since 2018. Areas without flu-
oride in the water supply were in Kuantan, Bera, Rompin, and Cameron Highlands. Caries prevalence in preschool
children in Pahang from 2015 to 2019 increased (42.1% to 42.9%). In 2019, the preschool children's mean caries
index of 'dmft' (the sum number of decayed, missing, filled deciduous teeth per individual) was 2.45 (SD=+1.29).
Rompin had the highest mean dmft (3.74) compared to others, with a dmft mean of 2.45 in the same year. Higher
severity nationwide was reported in the National Oral Health Preschool Survey Malaysia (NOHPS) 2015 (dmft 4.8).
Conclusion: All WTPs in Pahang have the suboptimal range of fluoride. With the decreasing trend of fluoride levels
in the water supply, the caries experience among preschool children in Pahang increased by 0.8%.
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Despite a long history of evidence supporting the
effectiveness of water fluoridation, challenges to
installing the necessary infrastructure persist, even
in developed countries (5). Water fluoridation faces
challenges including political opposition, costs,
geographical access equity issues and ethical concerns
(6)

INTRODUCTION

Exposure to fluoride in public water fluoridation

proved to be highly protective against dental caries
(1). For decades, evidence has demonstrated that water
fluoridation is an effective method for preventing caries
at the population level as it remains a relevant and robust
upstream approach to public health intervention (2).

Globally, higher caries incidences have been reported
in areas where public water fluoridation has ceased (3).
The cessation of public water fluoridation has increased
the variety of treatment modalities for caries, resulting in
significantly higher costs and frequency of procedures
(4).

In addition, the difficulties in operating and maintaining
the complex water treatment plant system for water
fluoridation result in the water plant companies'
hesitancy in providing such services to remote
populations in geographically challenged areas due to
higher setup costs (7).

Malaysian school children have benefited positively
from the water fluoridation programme and the
government's school incremental dental programme
that synergistically contributes to improving the oral
health of the schoolchildren (8). From 2013 to 2018,
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however, there was a reduction of 80% to 75% in the
coverage of the Malaysian population that received
fluoridated water supply (9). Three states achieved less
than 15% population coverage of fluoridated water:
Kelantan, Sabah and Pahang, with Pahang being
the lowest at 0.8%. Kelantan and Sabah achieved a
population coverage of 12.5% and 5.2 % respectively
(10). Notably, in the state of Pahang, a considerable
reduction of the coverage compared with other states
in Malaysia was solely due to the privatisation of the
water treatment plant in which the company has ceased
the procurement of fluoride ingredients for the fluoride
feeder (11).

Geographic Information Systems (GIS) have been used to
study disease patterns, determine geographicaccessibility
of health facilities, and assess health inequities among
different populations (12)(13). Furthermore, GIS can be
used to map the water supply distribution in relation
to fluoride availability as geo-mapping with colour
coding provides a visual tool depicting variation in the
distribution of any important indicators, such as dental
caries, across different geographical borders (14).

This study aimed to identify the spatial pattern of the
fluoridated public water supply and to correlate it with
the caries experience of preschool children in Pahang,
Malaysia.

MATERIALS AND METHODS

This study has been registered with the Medical Research
and Ethics Committee (MREC), Ministry of Health
Malaysia (MOH), with the Registration number NMRR-
21-311-58118 (IR). It was conducted in adherence to
ethical standards, and approval was obtained from the
MREC through the National Medical Research Register
(NMRR). The research utilised secondary data, ensuring
no personal or identifiable information about individual
children was collected or processed. The data focused
on aggregated metrics, such as the mean dental caries
experience within specific schools in each district.
Furthermore, no individual-level data, including names,
addresses, or other identifying information, was part of
the dataset. Demographic details like age and gender
were not used in this study.

The type of secondary data obtained from the relevant
authorities include:

Water treatment plant (WTP) locations and distributions
The researchers collected the addresses of each water
treatment plant (WTP) in all the districts from Pahang's
private water supply company. The exact coordinates
of the addresses were obtained from the official list
of WTP for 2019, and the corresponding coordinates
were received from the Department of Environment
of the Ministry of Natural Resources and Environment
Malaysia's official website. Google Maps and Google
Street View are used to verify each location to ensure

the mapping on QGIS is correctly done on the QGIS
map layer. The WTP distribution (length) was obtained
formally from the water supply company, Perbadanan
Air Pahang (PAIP). The fluoride feeder status and the
water supply pipe distribution length were verified with
them.

Fluoride level in the water supply

The unit of fluoride measurements used for the data
was parts per million units (ppm) as recommended
by the guideline set by the Ministry of Health (15). In
Malaysia, water fluoridation was officially instituted in
1972, with an initial fluoride concentration set at 0.7
parts per million (ppm) as mandated by a specially
appointed Commission (16). This public health initiative
was primarily aimed at reducing the incidence of dental
caries across the population, a goal that continued to
be realised over the subsequent decades due to the
sustained efforts of water fluoridation. Recognising the
dynamic nature of dietary habits and other sources of
fluoride exposure among the Malaysian population, the
Ministry of Health (MOH) undertook a comprehensive
review in the early 2000s. The objective was to
evaluate the efficacy and safety of the existing fluoride
concentration in public water supplies, considering the
changing patterns of fluoride intake from other sources
(16). This review was prompted by the recognition that
various forms of fluoride are now commonly used in
dental products such as toothpaste and mouth rinses,
which contribute to the overall fluoride exposure of
individuals.

As a result of the study and ongoing monitoring of dental
health outcomes and fluoride exposure levels, the MOH
adjusted the recommended optimal fluoride level in
public water supplies. This adjustment was based
on the findings that a slightly lower range of fluoride
concentration, specifically between 0.4 to 0.6 ppm,
would be adequate to maintain the caries-preventive
benefits while minimising the risk of dental fluorosis, a
condition caused by excessive fluoride intake duringtooth
development (16). Recently, in 2009, the recommended
fluoride level was further refined to 0.5 ppm, a
decision supported by the Malaysian Dental Council,
and this adjustment reflects an ongoing commitment
to evidence-based public health practices, aiming to
optimise the balance between maximising dental health
benefits and minimising health risks associated with
fluoride exposure (15). The continuous monitoring and
adjustment of fluoride levels in Malaysia underscore the
country's proactive approach to managing fluoride as
a critical component of its public health strategy. This
approach ensures the effectiveness of caries prevention
programs and aligns with international best practices for
fluoride use, thereby safeguarding the oral health of the
Malaysian population.

To effectively monitor fluoride levels in the water
supply at reticulated points, oral health personnel must
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undergo rigorous training and briefing sessions to ensure
the accurate collection and testing of water samples
(15). These samples are typically obtained from facilities
within the distribution area of a specific water treatment
plant, thereby providing representative readings of
fluoride levels across the supply network. In regions
lacking a fluoridated water supply, collecting water
samples at least once a month is mandatory to monitor
fluoride concentrations (16). The optimum range of
fluoride in the therapeutic range was between 0.4 to
0.6 ppm (17). Furthermore, fluoride values below 0.4
ppm were considered not beneficial to oral health (18).
Similarly, in this study, fluoride measurements lower
than 0.4 ppm were categorised as below the suboptimal
range of fluoride in the water supply.

The fluoride levels in the water supply were measured
fortnightly by trained oral health personnel from the
Oral Health Division, Pahang Health State Department,
at each district's water treatment (19). The values below
0.4 parts per million (ppm) were considered below the
beneficial range for oral health, as reported by previous
studies (18). A reading of 0.4 ppm to 0.6 ppm was
considered to be the optimal fluoride level (17). In this
study, fluoride measurements lower than 0.4 ppm were
categorised as below the suboptimal range of fluoride in
the water supply.
Preschool  children's caries
prevalence data

The sampling frame for this study includes public-funded
and registered private kindergartens that were monitored
by the state of Pahang Oral Health Division. The total
population of preschool children from 2015 to 2019
was based on the enrolment reports of the school dental
services by the Oral Health Division of Pahang Health
State Department.  The caries experience measured
were the decay status; filled and extracted (dfx) teeth
of the primary dentition of the preschool children,
which were routinely collected and kept by the Oral
Health Division (20). The dmft (decayed, missing, filled
teeth) index is an essential tool in dental epidemiology,
particularly for assessing the oral health status of children
(21). 1t is specifically designed for use with deciduous
(primary) teeth, providing a reliable measure of dental
caries prevalence and severity in young populations
(22). The importance of the dmft index lies in its ability
to offer a straightforward yet comprehensive assessment
of a child's dental health by recording the number of
decayed, missing due to caries and filled primary teeth
(23). The dmft index is highly valued in comparative
studies across countries and populations. Its simplicity
and ease of use make it the preferred choice for large-
scale epidemiological surveys (24). Caries prevalence
was calculated by the number of carious primary teeth
divided by the number of 6-year-old children in Pahang.
The mean dfx was calculated by adding the total dfx of
all the preschool children divided by the total number of
preschool children in Pahang.

primary dentition

Local district border and population density data

The data were obtained from the Population and
Housing Census of Malaysia, 2019 by the Department
of Statistics, Malaysia, from their official website, www.
dosm.gov.my. The administrative borders of all the 11
districts of Pahang were obtained from the www.data.
gov.my website, which is an open-access data-sharing
platform from the official portal of the public sector in
Malaysia.

Data Integration and Mapping Process

Firstly, the administrative state and district borders of
Pahang were mapped. As the data was obtained from
www.data.org.my, the relevant data layer was readily
available for all districts in Malaysia. Thus, removing all
the unwanted study areas was necessary by deselecting
them and saving them as another layer as a shapefile to
retain the map for analysis. The individual layers of the
district-level area have also been created in the shapefile
format to allow the analysis, specifically for each district
in Pahang. The second type of layer used in the study
was the OpenStreetMap layer, which incorporated
the geographical and landmark characteristics of the
surrounding areas of each plotted administrative border
in Pahang. It allows more map characteristics to be
utilised and analysed in the spatial analysis regarding the
primary physical terrain surrounding the water treatment
plant locations.

All water treatment plants in all districts of Pahang were
also incorporated in the third type of layer in the analysis.
The data used were the coordinates extracted from the
geo-tagged location in the Google Maps application
and then were recorded in Microsoft Excel. The data file
from each water treatment plant was converted to the
delimited text layer (CSV) format before being exported
into the Quantum Geographic Information System
(QGIS) application.

The data in the QGIS application had to be converted into
a shapefile to allow the coordinates to be interpreted as
the spatial feature in the analysis. All the water treatment
plants were mapped, and those either equipped with
fluoride feeders or not were labelled. The fluoride level
measurement of each water treatment plant of all districts
in Pahang was created as another layer of input in QGIS.
The readings were the mean value of fluoride levels from
2015 to 2019. The reading for each year was recorded
separately for the facilities and further categorised into
two groups, with fluoride level mean values below 0.4
ppm and those within the range of 0.4-0.6 ppm. These
mean values were integrated with the distribution radius
of the water supply for each water treatment plant and
were displayed together in the same layer. The mean
number of fx index (filled, extracted primary deciduous
teeth) for each district was also integrated into the map.

Validation and Refinement
Ensuring the reliability and robustness of the analysis was
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a critical step, as the results were thoroughly reviewed to
identify any discrepancies or unexpected patterns. This
review involved checking the spatial data's accuracy
and the analysis parameters' correctness with the subject
matter expert and the custodian of the data. Any issues
identified during this review were addressed by refining
the analysis parameters and rerunning the analyses as
necessary.

For instance, if the buffer distance did not align with
the expected reach of the reticulated water system, it
was revised to reflect the real-world conditions better.
This iterative validation and refinement process was
crucial for ensuring that the conclusions drawn from the
analysis were accurate and meaningful.

RESULTS

Buffer analysis for fluoride levels in water supply
distribution is carried out, as shown in Figures 1 and
Figure 2. Data from 74 WTPs in eleven districts in
Pahang were collected. Sixty-six per cent (49 WTP)
of WTP have fluoride feeders. The districts involved
were Kuantan, Pekan, Rompin, Maran, Raub, Bentong,
Bera, Temerloh, Jerantut, Kuala Lipis and Cameron
Highlands. The districts of Jerantut had the most WTP,
with Kuantan and Bentong having the most significant
number of fluoride feeders in the WTP. All fluoride
feeders Pahang's WTPs were inactive in 2019, with a
mean fluoride level of 0.05 ppm, which was below the
optimal level of between 0.4 and 0.6 mg/L.

KUALA LIPIS

JERANTUT

A) [
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Figure 1: Map of buffer analysis from seven districts of Pahang that
have not reach optimal fluoride levels at reticulation point from
WTPs from 2015 to 2019
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Figure 2: Map of buffer analysis for four districts of Pahang, which
still had optimum fluoride levels (0.4-0.6 ppm) initially at reticulation
point from WTPs with fluoride from 2015 to 2019, according to the
trend of diminished fluoride concentration.

In Figure 1 for Kuala Lipis, the buffer zone (in grey)
shows the radius of the water distribution in Kuala
Lipis from the reticulation point of the WTP of Benta
(16.44km), Medang (0.53km), Sungai Jelai (60.63km),
Merapoh (20.17km) and Mela (47.41km). Medang WTP
has a very short distribution of the water supply to the
surrounding areas in the Kuala Lipis district; therefore,
the grey area is not shown on the map. The map of
Cameron Highlands water treatment plants (WTP)
with fluoride feeders from year 2015 to 2019 and its
radius of distribution shows the buffer zone (in grey)
radius of the water distribution in Cameron Highlands
from the reticulation point of the WTP of Kuala Terla is
96.66km. The buffer zone (in grey) shows the radius of
the water distribution in Kuantan from the reticulation
point of the WTP of Panching (109.36km), Kg. Padang
(17.02km), Semambu (51.59km), Bukit Ubi (55.93km),
Pasir Kemudi (17.98km), Lepar Hilir (90.46km) and
Bukit Sagu (21.22km) respectively. The buffer zone
(in grey) shows the radius of the water distribution in
Jerantut from the reticulation point of the WTP of Batu
Embun (8.04km), Batu Balai Fasa 3 (8.54km) and Batu
Balai Fasa 4 (44.11km). The buffer zone (in grey) shows
the radius of the water distribution in Bera from the
reticulation point of the WTP of Triang (169.44km), Bera
Kompleks (66.99km) and Sungai Bera (14.80km). In the
map, WTP Bera Kompleks (white dot image) is located
near WTP Sungai Bera, which is located underneath the
black dot. The buffer zone (in grey) shows the radius of
the water distribution in Bentong from the reticulation
point of the WTP of Bentong Fasa 2 (96.80km),
Mempaga (73.04km), Jawi Jawi (39.96km), Lurah Bilut
(23.59km), Karak (37.09km) and Janda Baik (47.47km).
The buffer zone (in grey) shows the radius of the water
distribution in Bentong from the reticulation point of the
WTP of Sungai Keratong (96.35km), Bandar 26 Felda
Selandang (11.60km), Sepayang (25.92km) and Sungai
Aur (71.14km).

Figure 2 shows that in Maran district, all the WTPs
initially had optimal fluoride ranges (0.4 to 0.6 ppm)
in the water supply distribution (0.53 to 0.55 ppm) in
2015 and 2016. In 2017, the mean fluoride range of all
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WTPs was reduced to a suboptimal mean range except
for WTP Bukit Kertau, which still was in the range of
optimal fluoride (0.4 ppm) marked by blue radius.
Consequently, in 2018 and 2019, all the WTPs had a
suboptimal mean range of fluoride levels marked by a
grey radius in all Maran water supply (0 to 0.13 ppm).

Additionally, Figure 2 showed that Pekan district that
initially, in 2015, all the WTPs in Pekan had suboptimal
fluoride levels in the water supply distribution (ranging
from 0 to 0.21 ppm) except for WTP Sekor, which had
optimal fluoride (0.43 ppm). From 2016 to 2019, all
WTPs had suboptimal fluoride levels ranging from 0 to
0.39 ppm.

Temerloh, in 2015, all WTPs had suboptimal fluoride
levels in the water supply distribution, which ranged
from 0.02 to 0.2 ppm, except for Seberang Temerloh
WTP (1.6 ppm). In 2016, all WTPs had suboptimal
fluoride levels of 0.13 to 0.18 ppm except for Jenderak
Utara and Lubok Kawah WTPs, with 0.63 and 0.78
ppm, respectively. From 2017 to 2019, all the WTPs
had suboptimal fluoride levels in the water supply
distribution, which ranged from (0 to 0.2 ppm).

Raub, initially from 2015 until 2016, all WTPs in
Temerloh had suboptimal fluoride levels in the water
supply distribution, which ranged from 0.02 to 0.2 ppm
except for Sungai Bilut WTP 1.6 ppm). In 2017 and 2018,
all WTPs had suboptimal fluoride levels of 0.13 to 0.18
ppm, except for Bukit Fraser, with 0.63 ppm. From 2018
to 2019, all the WTPs had suboptimal fluoride levels in
the water supply distribution, which ranged from (0 to
0.2 ppm).

This study captures the dental caries data (from 2015
to 2019) of 222,245 preschool children in Pahang. A
total of 48,318 preschool children represented 2.80%
of Pahang's population in 2019. Additionally, Kuantan
is the most populated district, comprising 30.7% of
Pahang's population. Caries experience of preschool
children in Pahang between 2015 and 2019 can be
viewed as a layer of time series and the trend of heat
map analysis of changing along the year, as can be seen
in Figure 3.

Figure 3 shows the trend of caries in Pahang in 2015 and
the mean dfx index (decayed, filled, extracted) range,
which is represented by different colours: mean dfx
0.00 to 1.50 (faded orange), 1.51 to 3.00 (orange) and
3.01 to 4.50 (brown). The white dots were the location
of WTPs that have the optimal fluoride concentration
range between 0.4 to 0.6 ppm. These WTPs were in
districts of Pekan (WTP Sekor), Maran (WTP of Jengka
Utama, Pekan Tajau, Bukit Kertau and Simpang Jengka),
Temerloh (WTP Seberang Temerloh) and Raub (WTP
Sungai Bilut). In 2016, as depicted in Figure 2, white
dots are WTPs in districts of Maran (WTP of Jengka
Utama, Pekan Tajau, Bukit Kertau and Simpang Jengka),

Temerloh (WTP of Jenderak Utara and Lubok Kawah)
and Raub (WTP Sungai Bilut). Bera was visualised
as having a higher incidence of caries, as depicted in
orange. Consequently, in the year 2107, Bentong, Raub
and Jerantut districts visually changed into orange-
coloured areas, indicating increased mean dft of
preschool children in 2017 with WTPs with optimal
fluoride concentration, which in districts of Maran
(WTP Bukit Kertau) and Raub (WTP Bukit Fraser). In the
subsequent years until 2018, there was no WTP with
the optimal range of fluoride. Almost all districts have
the mean dfx index (decayed, filled, extracted primary
teeth) in the range of 1.5 to 4.5, except for the district of
Kuala Lipis and Bentong, with mean dfx in the range of
0.00 to 1.50, as shown in the year 2018. Lastly, in 2019,
all districts retained their mean dfx range from last year
except for Kuala Lipis, which has a reduction of mean
dfx into the value in the range of 0 to 0.15.

Figure 3: Heatmap of mean dfx of preschool children and the WTPs
with fluoridated water supply in Pahang from 2015 to 2019

Figure 4 shows the distribution of the preschool children
population in Pahang in relation to the Water Treatment
Plants (WTP) in 2019. The population of preschool
children in Pahang were located mainly around areas
without rugged terrains (outside the greenish area
with thick forestry in the high-altitude area, range of
Titiwangsa), mostly around regions developed in small
towns for each district. It is symbolised in the figure as
round maroon dots. The WTPs in Pahang were also
located near the densely populated areas. The population
and WTPs in Pahang were well distributed on the map
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except in the northeast region, particularly in the district
of Jerantut. Each orange and maroon dot represents ten
preschool children, and the WTPs are depicted as white
rectangular objects in the Figure 4.

Figure 4: GIS Distribution of preschool children population in Pahang
in relation to the WTPs in 2019

Figure 5 shows the mean dfx index (decayed, filled,
extracted primary teeth) (presented in bars according to
year) and mean ppm fluoride values (plotted in crosses)
for each district from 2015 to 2019. Not included in
Figure 5 is the overall mean dfx index of the preschool
children for the state of Pahang, which was 2.45. It is a
comparison graph of the caries experience and fluoride
level in water supply across districts in Pahang in 5 years
(2015-2019). The districts that showed an increasing
trend of mean dfx index (decayed, filled, extracted
primary teeth) within the five years were Kuantan, Bera,
Raub, and Jerantut. In addition, Rompin consistently
had the highest mean dfx index compared to the other
districts throughout the years. From the context of
water fluoridation, Rompin had no fluoride in the water
supply from 2015 to 2019. The districts that showed
a decrease in the mean dfx index between 2015 and
2019 were Pekan, Rompin, Bentong and Kuala Lipis.
However, the mean dfx index ranged from 1.22 to 3.74
from 2015 to 2019. All the districts had a lower mean
dfx index in 2015 than in 2019, except for Pekan and
Cameron Highlands. Only Maran had the optimum
level of fluoride in the water supply in 2016, which was
0.5 ppm. All the other districts had suboptimal fluoride
levels in the water supply since 2015.

mean dfx mean ppm

ﬂ I|| Io.z
>
&

s

a

3
x
x x
2,I ||
’ |
o

& &

3 s o
& & &

[
W

x
IIIII II| )
°

o

=
S

-
.
.
II“ i
o
& &
& T 5

o
« &

B vosr 2015 [l vesr 2016 [l veor 2017 [l veor 2018 [l veor 2019 d,«"

Figure 5: Graph of the mean dfx and mean fluoride level (ppm) of
each district in Pahang from 2015 to 2019

DISCUSSION

Reduction in fluoride concentration of water
fluoridation scheme in Pahang to suboptimal range

In 2012, the annual report from the Oral Health Division
MOH reported that Sabah had reinstated public water
fluoridation for the population but still needed help with
the budget and technical issues of fluoridating the water
supply. In Malaysia, it is reported that 26 out of 298
WTPs with fluoride feeders were inactive due to a lack
of resources to purchase fluoride supplies, including
in Pahang (25). Furthermore, the water distribution
management differs across states, each adhering to
local standards and protocols (26). A decade ago, most
of Pahang's residents enjoyed access to fluoridated
water that was rigorously maintained within the optimal
range for preventing dental caries, as per the Ministry
of Health recommendation in 2019. However, our
research indicates a significant reduction in fluoride
concentration in Pahang by 2019, as seen in buffer
analyses of Figures 1 and 2.

Several areas in the Pahang districts have fluoridated
public water supply. These areas were North and West
of Kuala Lipis, North of Jerantut, East of Rompin, East of
Maran and South of Pekan. Due to the partial distribution
of fluoridated water supply from WTPs that catered to
the entire Pahang population, some districts rely on the
nearest WTPs with fluoridation located in neighbouring
districts. In such cases, residents may have experienced
the 'halo effect' from adjacent fluoridated areas, akin to
a study conducted in Alaska (4).

Buffer analysis as a means of determining whether the
population have accessibility to fluoridated water supply
This research builds on and extends the geospatial
analysis methods used in previous studies, such as the
one conducted in Western Australia, which examined
school water fluoride levels to identify areas with
suboptimal fluoride levels for targeted oral health
interventions (7). The novel approach of this study lies
in applying buffer analysis to assess the distribution of
fluoridated water from Water Treatment Plants (WTPs)
to the general population in Pahang, Malaysia. While
the Western Australia study focused on fluoride levels
at specific points (schools), this research expands the
scope by analysing water fluoridation coverage across
entire populations, using buffer zones to estimate the
spatial reach of reticulated water systems.

Buffer analysis provides an innovative method to map
potential fluoridated water distribution and evaluate
its relationship with dental caries prevalence among
preschool children. This technique offers a more
comprehensive assessment of water fluoridation
programs at a population level rather than limiting
the analysis to individual institutions like schools.
Furthermore, the study contributes a novel application
of geographic information systems (GIS) in dental
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public health, especially in resource-limited settings
where detailed infrastructure data may be limited. By
integrating this approach with insights from the Western
Australia study, this research sets a new standard for
understanding the spatial distribution of fluoridated
water and its impact on dental health, facilitating more
targeted and efficient public health interventions.

Feasibility of WTP location in geodiversity country
Water fluoridation planning and execution in Pahang is
highly complicated due to the geographic complexity of
the area, similar to the situation in Western Australia (7).
This has caused the number of WTPs and fluoride feeders
to differ between districts in Pahang, and it is further
complicated by a variety of population densities in each
area. Water treatment plants in Pahang were built in
less complicated terrains of deep forests and mountains.
The western part of Pahang, the natural backbone of the
Titiwangsa Range, runs from the upper part of Cameron
Highlands downwards to Bentong and consists of
mountainous forests of varying heights. On the east side
of Pahang, the difficult terrains consist of thick forestry
of national reserves in Jerantut. The complexity of the
geography in Pahang may contribute to the complicated
setup of WTPs and fluoride feeders in certain areas(27).
In this study, the rural areas were affected mainly by the
lack of fluoridated water supply, which might suggest
that they tend to find other resources of water supply
that could be similarly seen in Australia, whereby most
indigenous communities residing in remote areas tend
to use self-collected tanks water without being process
(28). Furthermore, populations scattered sparsely around
the jurisdiction and added geographical complexities
made the fluoridation scheme challenging to execute
(7).

Caries Experience (dft) and fluoride level in water
fluoridation system

In the non-fluoridated areas in Pahang, a study
has found that the prevalence of caries was 61.6%
despite the fact that more than 80% of the Indigenous
population practised tooth brushing twice daily with
fluoridated toothpaste in a remote district, such as
Cameron Highlands (29). Other studies also supported
these findings, showing that water fluoridation cessation
leads to tooth decay (3,4,30). Aside from Cameron
Highlands, all the districts in Pahang had a consistent
mean level of fluoride of O with an increasing trend of
caries prevalence. Rompin was the district that recorded
the highest mean dfx value (3.41 to 4.07).

In terms of socioeconomic background, comparing
Kuantan to Seremban, which has almost similar
household income status, Kuantan has a lower mean
dfx status, although it is a non-fluoridated area (31). This
could be attributed to a higher household income and
education level, which contributes to parents having
better attitudes towards their child's oral health care (32).
However, in nations with low-income and high-income

inequality, the DMFT and per capita sugar intake show
a substantial positive connection (33). In another district
from a different state, such as Pasir Mas, which was
similar to Kuantan in terms of zero water fluoridation,
Pasir Mas recorded a high mean dfx with 11.1 + 4.8,
with additional factors such as low household income.
This provides the possibility that low household income
is associated with higher caries prevalence apart from
fluoridation status (34). Another study in Kota Bharu
found that the mean dft in private preschool children for
affluent residents was only half of that in Pasir Mas, with
5.27(+5.22), despite having no public water fluoridation
(35).

Key findings

The distribution of fluoridated water supply to the
population of Pahang is no longer optimal for potentially
beneficial effects for caries prevention at the population
level. The majority of the Pahang preschool children
resided within the distribution zone of reticulated water
supply that potentially can be fluoridated. Caries trends
of the preschool children of Pahang were seen increasing
from 2015 to 2019 when there was no fluoridated water
supply. With the decreasing fluoride levels in the water
supply, the caries experienced by preschool children in
Pahang increased.

Study Limitations

The data on the distribution of reticulated water supply
from the Water Treatment Plants (WTPs) in Pahang
were provided by the private water supply company in
the form of the total length (in kilometres) of all types
of piping systems. These pipe lengths were converted
into a radius for mapping in QGIS, assuming that the
piping follows the major roadside routes until the end
of the distribution network. However, this method may
only partially capture the actual spatial distribution
of the water supply network. The study's reliance on
pipe length rather than detailed spatial data limited the
precision of the geospatial analysis. Furthermore, buffer
zones around the reticulated water supplies overlapped
in some areas, which introduced uncertainties in
estimating the exact boundaries of water usage,
especially in cases where the community may be using
water indirectly from nearby facilities such as schools or
eateries rather than from households.

Additionally,  confounding  variables, such as
socioeconomic status (SES) and alternative sources of
fluoride (e.g., fluoridated toothpaste or dietary sources),
could have significantly impacted the study's outcomes.
Unfortunately, the secondary data used in this study
did not provide sufficient details to account for these
variables. As a result, while the study acknowledges the
potential influence of SES and other fluoride sources on
dental caries prevalence, the lack of readily available
data for these variables in the group of samples studied
meant that their effects could not be fully controlled
for in the analysis. This limitation reduces the ability
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to accurately assess the isolated impact of water
fluoridation on oral health outcomes.

Moreover, the study predominantly used secondary
data provided by the relevant authorities, which
could have discrepancies due to variations in record-
keeping practices. Some of the data were incomplete
or contained excessive, irrelevant information, such as
distribution patterns that did not fully contribute to the
analysis. Despite focusing on secondary data regarding
the prevalence of water fluoridation and dental caries
among preschool children, the study's findings suggested
that higher household income may partially mitigate
the negative effects of a lack of water fluoridation.
Nevertheless, these insights are drawn from limited data,
and more comprehensive primary data would enhance
the accuracy of future studies.

Implication for Policy

The findings from this research underscore the
critical need for a reassessment of water fluoridation
policies in Malaysia, particularly in states like Pahang,
where fluoridation practices are not consistently
implemented. The observed increase in dental caries
prevalence among preschool children during periods
without fluoridated water highlights the public health
consequences of inadequate water fluoridation. To
address this issue, policymakers should prioritize the
consistent and effective delivery of fluoridated water as
a preventive measure against dental caries, especially in
regions where alternative sources of fluoride may be less
accessible or unaffordable. In cases where reinstating
water fluoridation proves to be financially impossible,
other sustainable alternatives such as targeted fluoride
varnish programme in schools or subsidized fluoridated
toothpaste distribution in schools.

Furthermore, the innovative use of buffer analysis in
this study provides a new perspective for public health
planning by mapping the potential reach of fluoridated
water from Water Treatment Plants (WTPs). This method
enables authorities to identify gaps in the current water
distribution network and better understand which
communities may be at higher risk of dental health issues
due to inadequate fluoride exposure. By integrating such
geospatial data into water fluoridation strategies, health
agencies can make informed decisions about where
to focus resources and interventions, ensuring that the
benefits of fluoridated water reach all communities,
including those in remote or underserved areas.

Lastly, thisresearchemphasizesthe needfor collaboration
between governmental bodies including universities,
water supply companies, and health organizations, to
address the technical and logistical challenges of water
fluoridation. Policymakers should facilitate partnerships
that ensure reliable data sharing and infrastructure
improvements, enabling more precise monitoring and
management of water fluoridation levels across different

regions. By adopting these evidence-based strategies,
Malaysia can strengthen its water fluoridation policy
framework and achieve better dental health outcomes
for its population.

Future Research

To improve the accuracy and reliability of future
studies, it is recommended to use more detailed and
real-time spatial data, similar to a study conducted in
Western Australia in 2017, to better represent the actual
distribution of reticulated water systems. Such data
would allow for more precise mapping and analysis,
leading to more accurate interpretations of the areas
affected by water fluoridation programs. This would
also reduce the uncertainty introduced by assumptions
regarding the location of water pipelines.

Moreover, conducting an economic evaluation of
water fluoridation programs in Malaysia is strongly
recommended to justify the long-term sustainability of
such initiatives. This would provide valuable insights
into the cost-effectiveness of these programs and offer
policymakers data-driven evidence to support future
investments. Further studies should also consider
incorporating more comprehensive data sources, such
as spatial distribution patterns of water usage and
more precise socioeconomic indicators, to capture
the complex interactions between household income,
access to fluoridated water, and dental health outcomes.
These efforts would contribute to a more robust
understanding of the effectiveness of water fluoridation
as a public health measure in Malaysia.

CONCLUSION

The study highlights that the distribution of fluoridated
water in Pahang has become suboptimal for caries
prevention, with an increase in dental caries among
preschool children from 2015 to 2019 corresponding to
the absence of fluoride in the water supply. Despite most
preschool children residing in areas with potential access
to fluoridated water, the lack of consistent fluoridation
has likely contributed to the rising prevalence of caries.
Alternative fluoridation modes should be implemented
to provide a more practical solution for the cessation of
community water fluoridation.
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